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Abstract

:

This study aims to investigate the most effective and interesting variables that urge use of the smartwatch (SW) in a medical environment. To achieve this aim, the study was framed using an innovative and integrated research model, which is based on combining constructs from a well-established theoretical model’s TAM and other features that are critical to the effectiveness of SW which are content richness and personal innovativeness. The Technology Acceptance Model (TAM) is used to detect the determinants affecting the adoption of SW. The current study depends on an online questionnaire that is composed of (20) items. The questionnaire is distributed among a group of doctors, nurses, and administration staff in medical centers within the UAE. The total number of respondents is (325). The collected data were implemented to test the study model and the proposed constructs and hypotheses depending on the Smart PLS Software. The results of the current study show that the main constructs in the model contribute differently to the acceptance of SW. Based on the previous assumption, content richness and innovativeness are critical factors that enrich the user’s perceived usefulness. In addition, perceived ease of use was significantly predictive of either perceived usefulness or behavioral intention. Overall findings suggest that SW is in high demand in the medical field and is used as a common channel among doctors and their patients and it facilitates the role of transmitting information among its users. The outcomes of the current study indicate the importance of certain external factors for the acceptance of the technology. The genuine value of this study lies in the fact that it is based on a conceptual framework that emphasizes the close relationship between the TAM constructs of perceived usefulness and perceived ease of use to the construct of content richness, and innovativeness. Finally, this study helps us recognize the embedded motives for using SW in a medical environment, where the main motive is to enhance and facilitate the effective roles of doctors and patients.
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1. Introduction


The Internet of Things (IoT) has evolved rapidly during recent years, urging its users to make use of various information anywhere and anytime. Part of (IoT) is the smartwatch and other wearable technology devices. The widespread use of these devices enables their users to have immediate access to different medical information and physical activities [1,2,3,4]. Companies have recently developed and sold smartwatches. Its selling percentage is getting higher and higher over time. The specific features of Smartwatches urge many users to adopt this technology; these features include pairing with mobile phones to expose different phone features, providing notification, providing watch faces and timekeeping capabilities [5,6,7,8]. Wearable devices have appeared as a significant tool that can help measure physiological parameters such as heart rate and arterial blood pressure to reach the final goal, which enhances healthcare efficiency [9,10]. To put in other words, SW is useful in the medical field because it combines features of smartphones as well as providing prompt feedback permitting a fast communication process between patients and doctors. SW popularity has urged many doctors and patients to depend on their unique features including performing timely interventions, health monitoring systems, and fitness systems [11,12].



Accordingly, the demand to use this type of technology has increased in different areas and the medical environment is not an exception. Smartwatches undertake different medical tasks including carbohydrate, blood glucose, and insulin unit entry, viewing all required previously recorded values and the recording of required physical activities [13,14]. The eagerness to develop more medical-specific features urges researchers to tackle this issue in more detail. Accordingly, the main contributions of the current study can be summarized as follows: Firstly, the study investigates the effects of antecedents of SW adoption directly and indirectly. This can be implemented using an innovative and integrated research model to enhance the understanding of the determinants of SW adoption. In other words, a conceptual model was developed that combines the TAM acceptance model [15] and diffusion of innovation (DOI) theory [16] to highlight the significance and predictableness of the results. Secondly, the current study aims to evaluate the success of SW adoption within a medical field, which can be of huge interest to doctors and patients. Users in the medical field are increasingly keen to develop their future benefits and pave the way for further recommendations. It has been recognized that SW acceptance is relevant to more than the decision of individual users but rather to the use of the community. The information can be shared in a group of communities within a restricted social group of doctors and patients to diffuse their attitudes and behaviors. Thirdly, this study has adopted an external variable, that is, specific to the importance of smartwatch’s external features in the medical field. This study sets its external factors apart from previous studies by [17,18], which focused on availability and mobility. In fact, the current research includes innovations and content richness as the core of smartwatch external factors.



The main contribution of this paper is that it investigates the efficiency of SW from a purely medical perspective, where the acceptance of the SW is based on important TAM factors’ perceived ease of use and perceived usefulness from the doctors’ and patients’ points of view. What sets this paper apart from previous research is the fact that it focuses on two variables that facilitate the acceptance of wearable technology, which are personal innovativeness and content richness. The effectiveness of these two variables leads to a higher level of SW acceptance. To the best of our knowledge, this is the first attempt to measure the acceptance of SW within the medical field, depending on an integrated model to fill a significant research gap in the relevant literature.




2. Literature Review


The adoption of the smartwatch has been the main concern of researchers in Malaysia, Korea, and Taiwan, where surveys are used among participants as a tool to collect data. The difference lies in the choice of external factors. Studies by [17,18] have adopted different external factors; the former focuses on availability and mobility whereas the latter focuses on novelty and social dimension. Other external factors, such as relative advantage, complexity and design aesthetics, are the dominant factors of a study by [19] in Taiwan. Furthermore, ref. [17] asserted that the adoption of the smartwatch may have psychological implications.; therefore, their set of external factors has deviated from other studies. A similar study by [20] focuses on availability and attitude as external factors which affect the usage of smartwatches.



Recently, it seems that the smartwatch has influentially affected its users. One study has determined the effectiveness of smartwatches by focusing on users’ attitudes in different places all over the world. It creates a sort of comparative analysis that shows that there is a significant difference, as far as availability is concerned, between France and Thailand. There is also a difference between France and China concerning the trust aspect. References [21,22] focused on wearable devices and connected them with different external factors including mobility, trust, cost, usefulness, enjoyment and so forth. Table 1 illustrates the main external factors that are traced in the previous studies along with the tool used, participants, and place of implementing the tool. Table 1 shows the studies that tackled SW acceptance and adoption. It is worth mentioning that the final goal of these studies may vary. Generally speaking, acceptance studies focus on the positives decisions that are made by users, which leads to understanding the behavioral attention of technology [23,24,25,26]. On the contrary, adoption studies are intended to focus on predicting users’ behavior towards the effectiveness of the new technology [26].



Based on the previous table, it seems that studies on the adoption of smartwatches used one unified tool, which is the questionnaire in which TAM is considered a concrete part of the model [33,34,35]. The only exception to the previous assumption is a study carried out by [32] where UTAUT2 as an extended model is added. The TAM model seems to affect the adoption in two different ways. The first one is related to the perceived usefulness, which is a crucial element that may be affected by various extended factors. The other is perceived ease of use, which is a decisive element that can be connected to fashion and innovativeness as an external factor; thus, they affect the adoption of smartwatches significantly [33,34,35].




3. The Adopted Model and Hypotheses Development


The current study assumes that content richness and personal innovativeness have a close relationship to TAM constructs of perceived usefulness and perceived ease of use. The TAM model has been extended to include the external factors of content richness and innovativeness to measure the final goal of SW adoption. The following sections provide more insight into this issue.



3.1. Content Richness


Content richness refers to learning resources that can embrace three dimensions, namely, relevance, timeliness and adequacy [36]. One of the criteria within content richness is sufficiency, which is related to a variety of information that is provided to the users. On the other hand, timeliness or the so-called ‘currentness’ is defined as the extent to which up-to-date information can be provided to the users [37,38]. It has been argued that information that is out of date is not useful. Hence, information that can be obtained from technology can be evaluated as time-critical [39]. Relevance refers to the relation between the type of obtained information and users’ needs [40]. Studies [41,42] have focused on the relationship between content richness and perceived usefulness. Technology can be classified as having high quality or content whenever it is proven to be useful to users. Based on that, the following hypothesis is formed:



Hypothesis 1 (H1).

Sufficiency (SUF) has a positive effect on the perceived usefulness of SW (PU).





Hypothesis 2 (H2).

Timeless (TIM) has a positive effect on the perceived usefulness of SW (PU).





Hypothesis 3 (H3).

Relevance (REL) has a positive effect on the perceived usefulness of SW (PU).






3.2. Personal Innovativeness


Personal innovativeness has a direct connection with users’ readiness to use new technology as soon as it is invented and becomes available [43]. Personal innovativeness is believed to have a close relationship with confidence and perception of technology. Users with a high degree of personal innovativeness have a greater level of confidence in their abilities. Similarly, users with a high perception of technology are more likely to have a higher level of personal innovativeness [44,45].



Based on the previous assumption, users take certain choices concerning the adoption of technology. Personal innovativeness is one of the choices that a user can make which can consequently affect their adoption of technology. The effectiveness of personal innovativeness seems to be positive, hence enhancing directly the users’ acceptance or adoption of technology. This can be linked with TAM theory, where ease of use and perceived usefulness are supposed to have a positive effect on personal innovativeness [46,47,48,49]. Hence, the following hypotheses are formulated:



Hypothesis 4 (H4).

Personal innovativeness (PER) has a positive effect on the perceived usefulness of SW (PU).





Hypothesis 5 (H5).

Personal innovativeness (PER) has a positive effect on the perceived ease of use of SW (PEOU).






3.3. TAM Model


TAM has been implemented widely in previous studies to predict the adoption, acceptance, and intention to use technology in different fields [50,51]. To put it more specifically, this study has focused on two constructs of TAM that are supposed to have a direct relation to the adoption of the smartwatch as wearable technology. The first variable is the perceived usefulness, which can be best explained as users’ attitude towards the degree of usefulness that the technology may have. The other variable is used to measure how far the technology is free of effort from users’ perspectives [15,52]. To apply the previous assumptions, the following hypotheses are proposed:



Hypothesis 6 (H6).

Perceived usefulness (PU) positively affects the adoption of SW (ASW).





Hypothesis 7 (H7).

Perceived ease of use (PEOU) positively affects the adoption of SW (ASW).





The proposed research models rely on these hypotheses, as shown in Figure 1.





4. Research Methodology


A cross-sectional design was used in this descriptive-analytical study as a deductive strategy. The data collection instrument used in the study was an online questionnaire that used a self-administrated strategy to collect data from health care workers in the United Arab Emirates (UAE), specifically the Emirate of Dubai. This examination study was led at a healthcare clinic in Dubai whereby seven primary healthcare clinics and five hospitals participated in the study; the study had a duration of one month from 15 December 2020 to 15 January 2021. The health care workers were provided with the questionnaire link by making use of official emails and social media platforms like WhatsApp. For data collection, various healthcare providers like the administration staff (registration, quality, receptionists, and administrative supports) and clinical staff (physicians, nurses, and allied health professionals) working at the selected hospitals and healthcare centers were approached since this personnel could contribute essential information about healthcare provision within healthcare facilities as suggested by [53].



Moreover, in the context of an empirical study pertaining to healthcare service management, various researchers opted for the target population to serve as a unit of analysis for the current research [54,55,56,57]. As per [57], those individuals had a satisfactory level of knowledge regarding various organizational practices in the context of healthcare management as well as about the degree of service quality and customer satisfaction offered by their respective organizations. In this investigation, a non-probability sampling technique was used by implementing a convenience sampling strategy. Generally, the fundamental explanation behind this choice was the strict policies in healthcare organizations in Dubai regarding the protection of staff information and ensuring the security and privacy of such information. Moreover, the policies of the participating hospitals and primary clinics regarding access to sampling also led to the selection of this technique. Besides this, ref. [58] demonstrated that convenience sampling is the most time-friendly and budget-friendly sampling technique and allows the accessing of huge samples.



4.1. Data Collection


In this study, out of 400 questionnaires distributed randomly, 75 questionnaires were rejected due to missing values. The correctly completed and usable 325 questionnaires accounted for the response rate of 81 percent. These 325 questionnaires were then analyzed. The correct 325 questionnaires were collected according to the sample size level mentioned in [59]; the estimated sampling size of a 1500 population is 306 respondents. In the following case, the structural equation modeling is allowed to be used according to [60] as a sample size of 325 seems to be far bigger than the required sample size. The model is used to verify the hypotheses. It is essential to consider that the Hypotheses are developed on the existing theories, but they are often structured in correspondence to the framework of smartwatch adoption. To evaluate the measurement model, structural equation modeling (SEM) is applied to it and consequently it is handled by the final path model.




4.2. Students’ Personal Information/Demographic Data


Table 2 shows the facts obtained by the assessment of personal/demographic data, which are as follows: The proportion of the females and males were 62% and 38%, respectively. Eleven percent of respondents were aged from 18 to 29 years whereas 89% of respondents are aged above 29 years. Many of the respondents belonged to a well-educated background and most of them had completed university degrees. Of the respondents, 73%, 14%, 12% had a bachelor’s, master’s, and doctoral degree respectively, whereas the remaining respondents were diploma qualified. The purposive sampling approach was utilized according to [61] because the respondents were eager to voluntarily participate in the study. The study sample involved respondents of different ages, belonging to various sectors, with several different experiences of different educational levels. For the measurement of demographic data, IBM SPSS Statistics ver. 23 was used. Table 2 represents the complete demographic data of the respondents.




4.3. Study Instrument


The survey instrument was developed and added to this research to verify the hypothesis. The survey includes 20 items to measure the four constructs found in the questionnaire. To increase the applicability of the research, the questions from the previous studies were revised and redesigned before inclusion in the questionnaire. The sources of the used constructs are displayed in Table 3.




4.4. Pilot Study of the Questionnaire


To calculate the reliability of the questionnaire items a pilot study was performed. The pilot study involved 40 participants selected randomly from the participating population. The sample size was 10% of the total sample size, which is equivalent to 40 participates out of 400 as per the research standards. To evaluate the results of the pilot study, Cronbach’s alpha test for internal reliability was utilized through IBM SPSS Statistics ver. 23, which implied the adequacy of measurement items. A reliability coefficient of 0.70 is acceptable [67] as evident from social science research studies. Table 4 displays the values of Cronbach alpha corresponding to the given seven measurement scales.




4.5. Survey Structure


The researcher circulated a questionnaire survey among the participants of the United Arab Emirates medical center (UAE) in the form of an online survey (N = 400). The Primary Health care sector participated in the following study. They are both well-known hospitals in the UAE. A questionnaire survey was developed and distributed among the participants [61]. This survey consists of the following sections:




	
The foremost section contains the personal data of the participants.



	
The next section contains the two items of basic questions about the adoption of smartwatches.



	
The third section contains eighteen items related to Perceived Ease of Use, Perceived Usefulness, Content Richness (Relevance, Timeliness, and Sufficiency), and Personal Innovativeness.








For the measurement of (20 items) in the questionnaire, a five-point Likert Scale was used that is based on the scales of strongly agreed (5), agree (4), neutral (3), disagree (2), and strongly disagree (1).





5. Findings and Discussion


5.1. Data Analysis


In the following research, the partial least squares-structural equation modeling (PLS-SEM) via SmartPLS V.3.2.7 was used for the data analysis [68]. The opted model used for the analysis of collected data was based on the two-layered assessment methodology consisting of the measurement model and the structural model [69]. The factors for choosing the PLS-SEM in this research are, foremost, that PLS-SEM is known to be the better option for research that seeks to establish the current theory [70]. Second, PLS-SEM supported the exploratory research with complex models in a better way [71]. Third, instead of breaking the model into bits, the PLS-SEM analyzes it as a whole unit [72]. Fourth, using the PLS-SEM yields more precise results due to its simultaneous analysis for measurement and structural model [73].




5.2. Convergent Validity


In [69], to assess the measurement model, it was proposed to determine construct reliability (consisting of Cronbach’s alpha and composite reliability), as well as validity (consisting of convergent and discriminant validity). In the context of the measurement of construct reliability, Table 5 shows that the values of Cronbach’s alpha lie between 0.741 and 0.899, which is quite high from the suggested threshold value of 0.7 [74]. The following table also depicts that the value of composite reliability (CR) lies within 0.705 and 0.903, which is more than the suggested value of 0.7 [75]. Construct reliability is verified through these results, indicating the free-of-error constructs.



The factor loading and average variance extracted (AVE) must be determined to measure convergent validity [69]. Table 5 indicates that the values of factor loadings are seemingly more than the standard value of 0.7. Table 5 also displays the AVE values which are found to be from 0.609 to 0.799, which cross the standard threshold value of 0.5. With the following findings, convergent validity has been properly satisfied for each of the mentioned constructs.




5.3. Discriminant Validity


The following criteria need to be taken into consideration: the Fornell-Larker criterion, and the Heterotrait-Monotrait ratio (HTMT) for the measurement of discriminant validity [69]. Table 6 shows that the value of the square root of each value of AVE is more than their correlation constructs; thus indicating the verification of the Fornell-Larker criterion [76].



The values of the HTMT ratio mentioned in Table 7 for all constructs remained below the 0.85 threshold value [77], explicitly indicating affirmation of the HTMT ratio. Given the following results, discriminant validity is also established. Through the analysis of the following results, it is now evident that no errors are found in reliability and validity during the assessment of the measurement model. This gives a clear signal for collected data to be utilized for the assessment of the structural model.




5.4. Hypotheses Testing Using PLS-SEM


After the assessment of the measurement model, the next in line is the structural model [78,79,80,81,82,83,84,85,86,87,88,89,90]. This involves the evaluation of coefficient of determination (R2), path coefficients through bootstrapping which is the long process involving 5000 re-samples [81,86,91,92,93]. Table 8 provides the path coefficients, t-values, and p-values for all hypotheses concerning the path analysis. All of the researchers have supported every hypothesis. Interpretation of data shows that the hypotheses (H1, H2, H3, H4, H5, H6, and H7) have been supported by empirical data.



The testing of the structural model is usually done based on the measurement of coefficient of determination (R2 value) [71]. The coefficient is expressed as the squared correlation between actual and predicted values of the particular endogenous construct, and the main aim of this coefficient is to measure the predictive accuracy of the model [94,95]. The coefficient indicates the cumulative influence of the exogenous latent variables over an endogenous latent variable. As the coefficient is the squared correlation between the actual values of the variables and the predicted values of variables, it introduces further the sense of variance degree in the endogenous constructs. The value is considered to be high if it exceeds 0.67, which indicates that the values ranging from 0.33 to 0.67 are direct ones and the value between 0.19 to 0.33 are considered weak values. The value is termed inadmissible if it is smaller than 0.19 according to [96]. As seen in Table 9 and Figure 2, it is clear that the model had high predictive power, supporting very nearly 75.6%, 77.3%, and 82.8% of the variance in the adoption of SW, perceived usefulness and perceived ease of use, respectively.



Sufficiency (SUF), Timeliness (TIM), Relevance (REL) and Personal Innovativeness (PER) have significant effects on Perceived Usefulness (PU) (β = 0.515, p < 0.01), (β = 0.382, p < 0.001), (β = 0.478, p < 0.001), and (β = 0.281, p < 0.05) respectively; hence H1, H2, H3, and H4 are supported. The relationship between Personal Innovativeness (PER) and Perceived Ease of Use (PEOU) (β = 0.329, p < 0.001) is statistically significant, so hypothesis H5 is generally supported. Perceived Usefulness (PU) and Perceived Ease of Use (PEOU) have significant effects on Adoption of Smart Watch (ASW) (β = 0.668, p < 0.01), and (β = 0.420, p < 0.05), respectively; therefore, H6 and H7 are supported. A summary of the hypotheses testing results is shown in Table 8.





6. Discussion


The current study empirically examines the effectiveness of smartwatch adoption in the medical field. To validate the usage of the smartwatch, an integrated model that integrated TAM constructs with external factors was adopted. The external factors include personal innovativeness and content richness. Specifically, this study reveals that content richness can positively affect smartwatch adoption and can lead to a greater degree of adoption by taking into consideration the three crucial factors of timeliness, relevancy and sufficiency. In addition, it seems that content richness positively and significantly affects the perceived usefulness; therefore, it urges more users to adopt smartwatches. The current study seems to be in line with previous studies where perceived ease of use and perceived usefulness are affected by quality content [35,97,98]. The content richness seems to work as an external factor in previous studies and significantly influences perceived usefulness in studies of acceptance [35,99]. Personal innovativeness has a close relationship with personal characteristics where users with a high degree of personal innovativeness seem to be more enthusiastic to use the technology. Based on the results of the study, it seems that personal effectiveness prominently affects the perceived ease of use and to a lesser extent the perceived usefulness. The current result seems to agree with results that are presented by many previous researchers such as [100,101] who stated that personal innovativeness’ impact on technology adoption is vital and decisive. It has a close relationship with personality traits. Moreover, it seems that innovativeness has a close relationship with enjoyment. Whenever users feel that the level of enjoyment is high, their personal innovativeness will be high as well [102].



The two TAM variables have proven to have a direct and significant effect on the adoption of the smartwatch. The results have shown that perceived ease of use and perceived usefulness significantly affect adoption. They assume that whenever technology is described as free of effort or useful, it will be in high demand by different users in different fields including academic and non-academic [103,104]. Within the medical field, previous research papers agree with the current results in that they conclude that doctors, nurses and patients are willing to use technology under the condition of being easy to use and useful [105,106]. Apparently, the main obtained results confirmed the proposed hypotheses where SW as wearable technology is highly accepted among users in the medical field. In general, the acceptance of SW is supported positively. The efficiency of the perceived ease of use and perceived usefulness pave the way to the fact that SW future updates will be highly preferred by its users. Hence, the TAM model with its two constructs helped to validate our hypotheses due to the high acceptance of these two constructs in the obtained results. The two other factors of content richness and personal innovativeness contribute to the acceptance of SW differently. The content richness is related to features of SW itself whereas the personal innovativeness is related to the psychological factor to the users themselves. The fact that the suggested hypotheses have been supported implies that these two factors contribute significantly to the acceptance. The relatedness of information and the latest information are part of content richness. Both of them have been supported positively due to their high impact on users within the medical field. The fact that all users in the medical field need the recent type of information contributes significantly to the acceptance of SW. Similarly, the psychological effect of personal innovativeness, where psychological readiness to accept technology is the crucial factor, is highly supported. The personal psychological readiness and SW specific features increased the level of SW acceptance. Thus, SW has gained a wide reputation among doctors and patients.



6.1. Practical Implication in the Medical Field


This study provides a noteworthy contribution for wearable technology developers to develop new wearable technology that can serve the medical field in the future. Our results indicate that any investment in wearable technology should serve both users’ specific needs and the medical environment’s general requirements. Awareness of how the coming invented wearable technology can serve doctors’ needs is a must, thus, developers of technology should favorably add features that serve doctors’ usage and enhance their willingness to use the technology.



Developers of technology have to be aware of the availability of certain features in a specific time and with specific functions. These specific functions, that a smartwatch may have, affect users’ decisions and technology adoption [107,108]. In this study, the significance of getting acquainted with specific tasks (i.e., getting correct information at the right timing) may lead to the fact that users start depending on the wearable technology more frequently. Doctors and patients have increasingly been affected by technology adoption whenever certain features are updated and become more relevant to their needs.



Whenever the functions that are provided by wearable technology fit within the medial field properly, the wearable technology managers will be ready to grasp the needs of the individual and adjust the features of the technology to fit in more effectively. Then the degree of compatibility between the individual’s needs and wearable technology will serve the long-term goal behind using it.




6.2. Managerial Implication in the Medical Field


Firstly, recommendations are directed to the administration of hospitals. They may use it to enhance the use of wearable technology in different parts since smart wearable technology may have a supportive role in developing other related applications. Secondly, recommendations are directed to patients who can use different smart wearable technology via phone-based applications. Thirdly, the findings reveal significant implications for doctors and patients due to the fact that wearable technology has been identified as a crucial tool in the medical field. It implies that wearable technology has to be developed by adding new features or upgrading current features that can be of great benefit to practitioners, doctors, and patients [109,110].



The results offer guidance for practitioners, doctors and physicians to use wearable technology for different medical purposes effectively. Specifically speaking, it is predictable that the external factor of content-richness may urge the user to adopt the technology, hence, doctors should be aware of these features and make a wise usage. They should urge patients to make use of them as well.



Well-designed wearable technology performance is accompanied by a variety of medical-specific features such as carbohydrate, blood glucose, and insulin unit entry, viewing all the previously required recorded and recording of the required physical activities [13,14]. Based on previous studies, it seems that whenever these features are characterized as user-friendly, users will be eager to use technology in the future [111]. Therefore, doctors and hospital managers are asked to reconsider the most significant medical features to upgrade them or even create new features that will fit perfectly with users’ medical needs for the betterment of medical wearable technology.




6.3. Limitations of the Study


In this research, there were some prominent limitations, which are as follows: The study was only conducted in the five hospitals and seven primary healthcare centers in UAE and that is the key limitation, as a sample of only five hospitals and seven primary healthcare centers is not sufficient to study the influence of Smart Watch adoption. The applicability of the study could have been greater if more hospitals of the UAE had participated in it. Further research and objective study of the SmartWatch may prove helpful in the deduction of the variables affecting a real Smart Watch. In this research, only 325 participates took part which is also a limitation. Data was collected through a survey questionnaire system, according to [112]. There was a need for an improved instrument, sampling method, and participation of more institutes from other regions, such as the Arab Gulf region, including countries like KSA, Kuwait, and Bahrain, for enhanced and more acceptable results. Furthermore, more students will be asked to engage in the research. For better results, interviews and focus group sessions will be organized. In specific Arab hospitals that have participated in the research will be prepared to incorporate a SmartWatch.



A few limitations were noted during this research that shall be kept in mind in the future while carrying out new ones. Since only the frontline healthcare workers of were taken into account, it could play negatively in respect of generalizability of this research; but the participation of other healthcare providers was also not feasible for this study. Due to time and cost limitations, the only governmental sector was approached for the collection of data leading to the representation of only a specific service culture. Since the data were only collected from a particular service sector, the generalization aspect must be dented when considering the other service industries. In addition, although this investigation has received a cross-sectional design utilizing the survey questionnaire to gather the data, and the data collection length was short, it ought to be noted that a longitudinal research design could be utilized and a more extended oversight should be possible by different investigations to have insight into COVID-19’s mental health effects. Ultimately, the survey questionnaire was used as a primary instrument for the collection of required data in this research. In this way, it is prescribed to utilize other data collection means or utilizing data triangulation techniques, for example, observations and interviews for healthcare workers to have a more comprehensive knowledge of the impacts of the pandemic.




6.4. Future Work


The current study has focused on specific external variables that may increase the visibility of smartwatches. Future work may modify the external variables based on the newly developed features and usages of smartwatches. Besides, the current study focuses on the TAM model with certain external factors, other researchers may focus on other models that may serve certain social and psychological factors. Furthermore, this study is limited to the medical field; other studies can include other academic and non-academic environments. Finally, the role of gender difference has not been focused on in the current study, which paves the way for future studies to dig deep and illustrate the main gender differences.
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Figure 1. Research Model. 
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Figure 2. Path coefficient of the model (significant at ** p ≤ 0.01, * p < 0.05). 
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Table 1. Studies on Smartwatch Adoption/Acceptance.
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	Author(s)
	Country or Place
	Theory
	Method
	Samples
	Smart Watch External Factors
	Study Type





	[17]
	South Korea
	TAM
	Survey
	Participants who owns smartwatch
	Availability

Mobility
	Adoption



	[20]
	Malaysia
	TAM
	Paper-based Survey
	University Students
	Visibility

Attitude
	Adoption



	[18]
	Korea
	Product-possessing innovativeness (PPI) and information-possessing innovativeness (IPI).
	Survey
	University Students
	relative advantage, social image, aesthetics, and novelty
	Adoption



	[19]
	Taiwan
	Task-Technology Fit, Innovation Diffusion
	an online survey
	University Students
	Relative advantage

Complexity

Design aesthetics
	Adoption



	[27]
	Taiwan
	Senior Technology Acceptance Model
	Interview
	Adults and their children
	Social Influence

Users Context
	Adoption



	[28]
	France, Thailand and China
	TAM
	Survey
	University Students
	Trust

Availability

Mobility
	Adoption



	[29]
	Turkey
	SAW-ARAS approach in the hesitant fuzzy environment,
	Survey
	Research paper
	N/A
	Papers on Acceptance and Adoption



	[30]
	Developed Countries:

UK, USA, Germany, and France
	TAM
	Survey
	Consumers
	Perceived Connectivity

Age and gender-differences
	Acceptance



	[31]
	South Korea
	TAM
	Survey
	Hongik University Students
	Motivation

Innovative Resistance
	Acceptance



	[21]
	Not Applicable
	TAM
	Online Survey
	Smart Wearable devices users
	Satisfaction, enjoyment, usefulness, flow state, and cost.
	Acceptance



	[22]
	Arab World
	TAM & TBP
	Online Survey
	Students
	Mobility and Trust
	Acceptance



	[32]
	India
	UTAUT2
	Survey
	Consumers
	Innovativeness

Self-efficacy, Social media influence, aesthetics
	Adoption



	[33]
	South Korea
	IDT & TAM
	Online-Survey
	Company Workers
	N/A
	Adoption



	[34]
	Asia
	TAM
	Survey
	East Asian university
	Subcultural appeal

Attractiveness
	Adoption



	[35]
	Taiwan
	TAM
	Survey
	Students at University
	Innovativeness

Experiential Value
	Continuous intention
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Table 2. Demographic data of the respondents.
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Criterion

	
Factor

	
Frequency

	
Percentage






	
Gender

	
Female

	
201

	
62%




	
Male

	
124

	
38%




	
Age

	
Between 18 to 29

	
36

	
11%




	
Between 30 to 39

	
211

	
65%




	
Between 40 to 49

	
72

	
22%




	
Between 50 to 59

	
6

	
2%




	
Education qualification

	
Diploma

	
3

	
1%




	
Bachelor

	
236

	
73%




	
Master

	
48

	
14%




	
Doctorate

	
38

	
12%




	
Experience

	
1–5

	
26

	
8%




	
5–10

	
88

	
27%




	
10–15

	
156

	
48%




	
15–20

	
25

	
8%




	
20+

	
30

	
9%




	
Type of Sector

	
Federal/Government

	
310

	
95%




	
Private

	
15

	
5%
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Table 3. Constructs and their sources.






Table 3. Constructs and their sources.





	
Constructs

	
Items

	
Instrument

	
Source






	
Adoption of SW

	
ASW1

	
Using SW is recommended within medical environment.

	
[52,62,63]




	
ASW2

	
Using SW with my patients and peers develops helps me in my career.




	
Perceived Ease of Use

	
PEOU1

	
I think that SW is easy to use among doctors and patients.

	
[64,65]




	
PEOU2

	
I think SW can replace other technology because it is easy to use.




	
PEOU3

	
I think SW is a complicated device and need mental effort.




	
Perceived Usefulness

	
PU1

	
I think that SW helps in developing my technical abilities.

	
[64,65]




	
PU2

	
I think that SW improves my desire to get new information regularly.




	
PU3

	
I think that SW is a good source of medical information for both doctors and patients.




	
PU4

	
I think that using SW makes it difficult to get an immediate type of information




	
Relevance

	
REL1

	
SW offers sufficient content that I need.

	
[37]




	
REL2

	
SW has very useful information for me as a doctor or a patient.




	
REL3

	
SW is not a source of sufficient content that exactly satisfies my needs.




	
Sufficiency

	
SUF1

	
SW has sufficient medical information.

	
[37]




	
SUF2

	
SW has provided me with satisfactory information whenever I need it.




	
SUF3

	
SW is unable to provide me with the information I need.




	
Timeliness

	
TIM1

	
SW has up-to-date medical information that I need.

	
[37]




	
TIM2

	
SW is unable to support me with up-to-date-information.




	
Personal Innovativeness

	
PER1

	
Whenever there is new technology, I am ready to use it.

	
[66]




	
PER2

	
I am the first one to use new technology among my group of doctors




	
PER3

	
I am usually hesitant to use new technology.
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Table 4. Cronbach’s alpha values for the pilot study (Cronbach’s Alpha ≥ 0.70).






Table 4. Cronbach’s alpha values for the pilot study (Cronbach’s Alpha ≥ 0.70).









	Constructs
	Cronbach’s Alpha





	ASW
	0.883



	PEOU
	0.801



	PU
	0.848



	CONT
	



	REL
	0.707



	TIM
	0.765



	SUF
	0.869



	PER
	0.831







Note: ASW, Adoption of SW; PEOU, Perceived Ease of Use; PU, Perceived Usefulness; CONR, Content Richness (REL, Relevance; TIM, Timeliness; SUF, Sufficiency); PER, Personal Innovativeness.
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Table 5. Convergent validity results which assure acceptable values (Factor loading, Cronbach’s Alpha, composite reliability ≥ 0.70 & AVE > 0.5).






Table 5. Convergent validity results which assure acceptable values (Factor loading, Cronbach’s Alpha, composite reliability ≥ 0.70 & AVE > 0.5).





	
Constructs

	
Items

	
Factor

Loading

	
Cronbach’s Alpha

	
CR

	
AVE






	
Adoption of SW

	
ASW1

	
0.857

	
0.848

	
0.859

	
0.658




	
ASW2

	
0.851




	
Perceived ease of use

	
PEOU1

	
0.849

	
0.899

	
0.833

	
0.688




	
PEOU2

	
0.800




	
PEOU3

	
0.786




	
Perceived usefulness

	
PU1

	
0.881

	
0.833

	
0.903

	
0.779




	
PU2

	
0.881




	
PU3

	
0.844




	
PU4

	
0.859




	
Relevance

	
REL1

	
0.843

	
0.812

	
0.789

	
0.703




	
REL2

	
0.859




	
REL3

	
0.806




	
Timeliness

	
TIM1

	
0.794

	
0.840

	
0.828

	
0.799




	
TIM1

	
0.822




	
Sufficiency

	
SUF1

	
0.835

	
0.820

	
0.796

	
0.760




	
SUF2

	
0.874




	
SUF3

	
0.824




	
Personal Innovativeness

	
PER1

	
0.897

	
0.876

	
0.861

	
0.782




	
PER1

	
0.821




	
PER1

	
0.847
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Table 6. Fornell-Larcker Scale.






Table 6. Fornell-Larcker Scale.















	
	ASW
	PEOU
	PU
	REL
	TIM
	SUF
	PER





	ASW
	0.844
	
	
	
	
	
	



	PEOU
	0.203
	0.849
	
	
	
	
	



	PU
	0.124
	0.668
	0.829
	
	
	
	



	REL
	0.205
	0.288
	0.330
	0.853
	
	
	



	TIM
	0.207
	0.278
	0.526
	0.890
	0.836
	
	



	SUF
	0.203
	0.296
	0.636
	0.896
	0.424
	0.861
	



	PER
	0.200
	0.281
	0.652
	0.895
	0.523
	0.419
	0.829







Note: ASW, Adoption of SW; PEOU, Perceived Ease of Use; PU, Perceived Usefulness; CONR, Content Richness (REL, Relevance; TIM, Timeliness; SUF, Sufficiency); PER, Personal Innovativeness.
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Table 7. Heterotrait-Monotrait Ratio (HTMT).






Table 7. Heterotrait-Monotrait Ratio (HTMT).















	
	ASW
	PEOU
	PU
	REL
	TIM
	SUF
	PER





	ASW
	
	
	
	
	
	
	



	PEOU
	0.445
	
	
	
	
	
	



	PU
	0.266
	0.368
	
	
	
	
	



	REL
	0.449
	0.427
	0.359
	
	
	
	



	TIM
	0.453
	0.523
	0.363
	0.505
	
	
	



	SUF
	0.477
	0.602
	0.399
	0.591
	0.452
	
	



	PER
	0.526
	0.521
	0.448
	0.600
	0.498
	0.510
	







Note: ASW, Adoption of SW; PEOU, Perceived Ease of Use; PU, Perceived Usefulness; CONR, Content Richness (REL, Relevance; TIM, Timeliness; SUF, Sufficiency); PER, Personal Innovativeness.
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Table 8. Hypotheses-testing of the research model (significant at ** p ≤ 0.01, * p < 0.05).






Table 8. Hypotheses-testing of the research model (significant at ** p ≤ 0.01, * p < 0.05).





	H
	Relationship
	Path
	t-Value
	p-Value
	Direction
	Decision





	H1
	SUF-> PU
	0.515
	20.349
	0.002
	Positive
	Supported **



	H2
	TIM-> PU
	0.382
	18.238
	0.000
	Positive
	Supported **



	H3
	REL-> PU
	0.478
	18.608
	0.000
	Positive
	Supported **



	H4
	PER-> PU
	0.281
	4.125
	0.038
	Positive
	Supported *



	H5
	PER-> PEOU
	0.329
	16.288
	0.000
	Positive
	Supported **



	H6
	PU-> ASW
	0.668
	12.433
	0.004
	Positive
	Supported **



	H7
	PEOU-> ASW
	0.420
	3.275
	0.043
	Positive
	Supported *







Note: ASW, Adoption of SW; PEOU, Perceived Ease of Use; PU, Perceived Usefulness; CONR, Content Richness (REL, Relevance; TIM, Timeliness; SUF, Sufficiency); PER, Personal Innovativeness.
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Table 9. R2 of the endogenous latent variables.






Table 9. R2 of the endogenous latent variables.





	Constructs
	R2
	Results





	ASW
	0.756
	High



	PEOU
	0.828
	High



	PU
	0.773
	High







Note: ASW, Adoption of SW; PEOU, Perceived Ease of Use; PU, Perceived Usefulness.
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