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Background: Promoting technology diffusion and utilization is a key measure to address the great disparity in technical capacity within integrated health systems. However, even the effectiveness and appropriateness regarding technology has been widely recognized, its diffusion and utilization are still stagnant. The mechanisms that influence the technology from being recognized to being widely applied in practice remain largely unknown.

Purpose: Taking hepatic contrast-enhanced ultrasound (CEUS) as an example, this study aimed to investigate the comprehensive influencing mechanism of organizational atmosphere and organizational practice on the knowledge, attitude, and practice toward diffusion and utilization of hepatic CEUS in the medical alliance.

Methods: Based on the integration of organizational ready for change (ORC) and knowledge-attitude-practice (KAP), a structured questionnaire was developed. A multistage random sampling method was applied to investigate physicians who directly use CEUS working at the liver disease-related departments of sampled health institutions. Structural equation modeling (SEM) was used to verify the proposed hypotheses, and determine the relationship between the factors.

Results: In total, 292 physicians were included. SEM results demonstrated that knowledge influenced both attitude and practice, while attitude positively predicted practice. Organizational practice and organizational atmosphere associated positively with each other. Organizational atmosphere positively affected the physicians' attitude toward CEUS diffusion and utilization (β = 0.425, p < 0.001), while organizational practice positively affected corresponding knowledge (β = 0.423, p < 0.001) and practice (β = 0.275, p < 0.001). Additionally, there was a partial mediating effect between organizational practice and physicians' CEUS diffusion and utilization behavior.

Conclusion: By verifying the influencing mechanism of organizational atmosphere and organizational practice on the physicians' KAP of hepatic CEUS diffusion and utilization, this study benefit tailoring strategies for promoting technology diffusion and utilization within medical alliance. It is recommended to develop an organizational atmosphere of advocating technology innovation, establish organizational support mechanism (SM) with multiple concrete supporting countermeasures, and so on.
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INTRODUCTION

Although integrated health systems have been widely promoted around the world (1), the great disparity in technical capacity between primary health institutions or county hospitals and large urban hospitals has been identified as a key concern. In particular, the delays or limitations in the diffusion and utilization of effective and appropriate technologies within medical alliance have greatly halted the improvement of the technical capacity of lower-level health institutions, which not only restricts the due role of specific technologies in a wider range and weakens the overall service capacity of the health system, but also exerts extremely adverse effects on public health (2).

Taking hepatic contrast-enhanced ultrasound (CEUS), for example, as a rapidly developing ultrasound examination technology with high sensitivity and specificity for the early detection and diagnosis of liver cancer, expanding the implementation of hepatic CEUS is becoming increasingly prominent, especially in the grim context of liver cancer prevention and control (3). However, with its effectiveness and appropriateness have been well proven and widely recognized (4), the diffusion and utilization of hepatic CEUS among physicians are still not well established, even in cases that many member institutions of medical alliance are qualified or sufficiently competent to provide regarding technical services (5–7). This fact reminds us that there is a complicated process for a certain technology from the general acceptance to its widespread use in practice. To steadily promote the diffusion and utilization of the technology, more effort should be invested to deeply investigate the comprehensive influencing mechanism underlying this process.

As stated by knowledge-attitude-practice (KAP) theory, the process of human behavior change can be divided into three steps, namely, acquiring knowledge, generating attitudes/beliefs, and forming practice/behaviors (8). The cognitive change caused by knowledge acquisition does not necessarily lead to behavior change; it should first lead to a change in perception, and then change people's behavior through the change in perception (9). Similarly, physicians' knowledge or the cognition of hepatic CEUS needs to lead to the extensive conceptual changes in the aspect of the early detection and diagnosis of liver cancer, and then gradually change the technology utilization behavior of hepatic CEUS through practical activities.

With respect to the potential influencing factors underlying the KAP process, some classical theoretical models, such as the theory of planning behavior (TPB), theory of rational action (TRA), and technology acceptance model (TAM), have provided clues alluding to some factors at the technical and individual levels (10, 11). Many previous empirical studies on technology diffusion and utilization behavior have focused on the technology itself and the groups, such as medical staff who directly use the technology and have verified the association between the final technology utilization behavior and individual-level (or technology-level) factors (11–14). However, even having been proposed by organizational ready for change (ORC) theory that some organizational features (organizational culture [OC], structures, resource endowments, etc.) may create a more receptive context for technology innovation and change (15–17), it has not been subjected to extensive empirical research, which makes the comprehensive influencing mechanism of organizational factors on certain health technology utilization behavior remain largely unknown. Especially in the context of medical alliance with many health institutions and medical staff, to further expand the use of appropriate and effective technologies, the role of organizational atmosphere and organizational practice in the KAP process of certain technology innovation implementation still needs to be further explored.

Therefore, this study intends to take hepatic CEUS as an example and integrate the ORC and KAP theories to investigate the comprehensive influencing mechanism of organizational atmosphere and organizational practice on technology diffusion and utilization in the medical alliance. The results of this study will be not only help to clarify the influence path of organizational-level factors on the knowledge, attitude, and finally the utilization behavior of specific technologies in the integrated healthcare system, but also provide practical guidance for promoting the diffusion and utilization of corresponding technologies in the context of the medical alliance and improving the service capacity of the overall health system.



MATERIALS AND METHODS


Theoretical Framework

The theoretical model of this study was derived from the integration of ORC and KAP, which took seven elements into account, namely, OC, technology absorptive intention (TAI), support mechanism (SM), intra-organizational transmission, knowledge, attitude, and practice. Among them, an OC is a measure of the hospital's overall tendency and the acceptance of technological innovation as well as the degree of exchange and the sharing of technical knowledge or information (9, 18). If medical institutions attach importance to reform and advocate innovation, a favorable organizational atmosphere will be created for the diffusion and utilization of technology. Technology absorptive intention reflects the willingness of hospitals to collect information related to innovative technology so as to better absorb and introduce it into hospitals. A higher willingness to absorb technology can promote the formation of technology diffusion atmosphere and conditions in a wide rang of hospitals, and is conducive to technology utilization by the institutions themselves (19). Support mechanism is the human and material support provided by hospitals to promote the use of health technology, which reflects the positive willingness of senior leaders to widely use corresponding technology in hospitals, and is generally reflected in the aspects of budget, full-time personnel, and information feedback channels (20). Intra-organization transmission is a series of activities that have been carried out within the hospital to promote the use of corresponding technology, such as the provision of relevant training before and during the middle stage, information dissemination among members, and feedback summary in the later stage (21). Based on above understandings, the theoretical hypothesis model of this study is proposed in Figure 1, and the corresponding hypotheses (H) are as follows:

H1a: Physicians' knowledge of hepatic CEUS is influenced by their attitude;

H1b: Physicians' knowledge of hepatic CEUS is influenced by their practice;

H2: Physicians' attitude of hepatic CEUS is influenced by their practice;

H3: Physicians' attitude of hepatic CEUS is influenced by organizational atmosphere;

H4a: Physicians' knowledge of hepatic CEUS is influenced by organizational practice;

H4b: Physicians' practice of hepatic CEUS is influenced by organizational practice;

H5: There was a positive association between organizational atmosphere and organizational practice.
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FIGURE 1. The theoretical model.




Measurement

The measurement dimensions and specific measurement variables of this study were formed based on the theoretical model initially constructed and the scale content designed by previous studies. The scale consists of the following 3 parts:

The first part was the basic information of physicians, including 5 socio-demographic variables, such as gender, education level, professional title, administration position, and years of practice. The education level was divided into college and below, undergraduate, master's degree or above. The professional title of physicians included three levels, such as junior, intermediate, and senior. A physician who is also a director or deputy director of hospital administration can be considered to have an administrative position, otherwise there is no administrative position. The years of practice were classified into five groups: <5, 15~10, 11~15, 16~20, and >20 years.

The second part was the component to measure the current situation of physicians' KAP on the diffusion and utilization of hepatic CEUS, such as 8 questions from 3 dimensions. Considering the design and length of the initial questionnaire, “Knowledge” measures the physicians' awareness of the clinical principles of CEUS in the diagnosis of early liver cancer and their understanding of its advantages and disadvantages. “Attitude” is mainly measured from the perspective of whether the use of CEUS technology conforms to the personal values of physicians. “Practice” measures the physicians' formal use of CEUS techniques. “Knowledge” and “Practice” items were set according to the corresponding items in Beyer (22) and Estabrooks (23) scales. The variable of “Attitude” was measured by three items derived from the TPB scale.

The third part with 4 dimensions was about the organizational atmosphere and organizational practice on hepatic CEUS diffusion and utilization in the hospital where physicians work. Organizational atmosphere includes the dimensions of “OC” and “TAI.” Organizational practice includes the dimensions of “SM” and “intra-organization transmission” (IOT). The measurement of OC, TAI, SM, and intra-organizational transmission refers to the research of Helfrich et al. (19) and Mccormack et al. (21). All the items were measured using a 5-point Likert scale ranging from “strongly disagree” (1) through “neutral” (3) to “strongly agree” (5).



Sample and Procedure

A cross-sectional questionnaire survey was conducted from February to August 2019 using a multi-stage random sampling method. First, taking the average incidence of liver cancer in China as the boundary (the incidence of liver cancer in China in 2015 was 26.92/100,000) (24), Fujian Province with a high incidence of liver cancer (31.70/100,000) (25), and Jiangxi Province with a low incidence of liver cancer (23.80/100,000) (26) were randomly selected. Second, all medical alliances in each province were listed as the sampling frame, and two medical alliances were randomly selected in each province. Third, in addition to investigate leading medical institutions, each medical alliance also randomly selected other medical institutions within the group at a proportion of 50%. Finally, the corresponding physicians from each sampled hospital who met the following inclusion criteria were selected as research subjects: physicians from departments related to liver disease diagnosis and treatment (such as, Hepatology, Liver surgery, Oncology, Gastroenterology, Infection, Radiotherapy, Intervention, and Ultrasound); knowing something about contrast-enhanced ultrasound technology. (In the questionnaire entitled “Do you know anything about the application of contrast-enhanced ultrasound in the early diagnosis of liver cancer,” subjects with “do not know at all” were excluded).

Each medical alliance was expected to investigate 5–8 medical institutions and 20–30 medical institutions will be included from the four medical alliances in the two provinces. Since 10–20 physicians will be surveyed in each institution, at least 200 physicians will be involved in total, which can fully meet the basic requirement that the sample size should be set at least five times survey questions (27). With the support of selected health institutions, each round for filling out the questionnaire was accompanied by a trained coordinator to introduce the study purpose.



Data Analysis

First, to determine whether the questionnaire was acceptable, the reliability of the questionnaire was evaluated by calculating the Cronbach's alpha coefficient, and its validity was assessed by factor analysis. Second, the socio-demographic characteristics and the score of each item in the scale were analyzed descriptively. Finally, structural equation modeling (SEM) was conducted to validate the hypotheses and determine the mechanism among organizational atmosphere, organizational practice, and the KAP of physicians' hepatic CEUS diffusion and utilization. Chi-square/df, Goodness-of-Fit Index (GFI), Adjust the Goodness-of-Fit Index (AGFI), root-mean-square error of approximation (RMSEA), and Comparative Fit Index (CFI) were used for checking the fitness of the model. Data analyses were performed using SPSS 21.0 and AMOS 17.1 software programs. In all reported analysis, p < 0.05 was considered statistically significant.




RESULTS


Socio-Demographic Characteristics of Participants

A total of 292 physicians were included in this study, with 65.1% of them being men. Most of the participants have bachelor's degree or above, of which 40.4% have a master's degree or above. The proportions of junior, middle, and senior professional titles were 37.0, 39.7, and 23.3%, respectively. Most physicians have no administration positions, and 32.2% of them had 5–10 years of practice. The participants' socio-demographic information is demonstrated in Table 1.


Table 1. Socio-demographic characteristics of the 292 participants.
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Reliability and Validity

Table 2 reports Cronbach's alpha, composite reliability (CR), and the average variance extracted (AVE). The Cronbach's alpha of 5 dimensions and the entire questionnaire were all greater than the recommended 0.7 threshold (28), ranging from 0.818 to 0.949, indicating good internal consistency. Besides, all factor loading values of items were above the acceptability value of 0.5 (29). Moreover, the CR scores and AVE values of all constructs were above the recommended value of 0.7 (30) and 0.5 (31), respectively, which indicated a good convergent validity.


Table 2. Results of confirmatory factor analysis.
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Score Situation

As shown in Table 3, the skewness value of each item was between −3 and 3, while the kurtosis value was <7, indicating that the data of each item conforms to the normal distribution. The mean score for the items in the dimension of organizational atmosphere was higher than that in the dimension of organizational practice. In addition, the mean score for the items in the dimension of attitude were higher than that in the dimension of knowledge and practice, respectively.


Table 3. Organizational atmosphere, organizational practice, and physicians' CEUS diffusion and utilization of knowledge, attitude, and practice (KAP) scores.
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SEM Analysis and Hypothesis Testing

A favorable fitness of data into the theoretical framework was found: χ2/df = 2.785, GFI = 0.931, AGFI = 0.885, CFI = 0.973, and RMSEA = 0.078 (<0.08). The final structural model with the standardized estimates is presented in Figure 2 and Table 4.


[image: Figure 2]
FIGURE 2. A model of organizational atmosphere and organizational practice on knowledge, attitude, and practice (KAP) toward the diffusion and utilization of hepatic CEUS among physicians (*p < 0.05; **p < 0.01); and ***p < 0.001.



Table 4. The results of standardized direct, indirect, and total effects.
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The hypothesis test results showed that the knowledge of physicians on the diffusion and utilization of hepatic CEUS had a positive effect on their attitude (β = 0.136, p < 0.05) and practice (β = 0.524, p < 0.001). The significant effect was also detected between the physicians' attitude and their practice on the diffusion and utilization of hepatic CEUS (β = 0.129, p < 0.01). Additionally, organization practice has a significant impact on physicians' knowledge (β = 0.423, p < 0.001) and practice (β = 0.275, p < 0.001) of hepatic CEUS diffusion and utilization, while organizational atmosphere has a positive effect on physicians' attitude in hepatic CEUS diffusion and utilization (β = 0.425, p < 0.001). Positive association was demonstrated between organizational practice and organizational atmosphere (β = 0.614, p < 0.001). All seven hypotheses have passed the verification. In addition, calculated by Bootstrap test, the 95% CI for the impact of organizational practice on physicians' hepatic CEUS diffusion and utilization practice is 0.342–0.605, excluding 0, indicating that there was a mediating effect. Besides, the value of mediating effect was 0.229 (p < 0.01), which accounted for 45.44% of the total effect.




DISCUSSION

Under the current context of limited diffusion and the utilization of appropriate health technologies within an integrated health system (6, 32), it is essential to clarify the influencing path of organizational factors on the physicians' KAP of diffusion and utilization of corresponding technology, especially when the comprehensive influencing mechanism of organizational factors remain largely unknown. By taking hepatic CEUS as an example, this study integrated ORC and KAP theories to develop a hypothesized model, and further applied SEM to verify the influencing mechanism of organizational atmosphere and organizational practice on the physicians' KAP of diffusion and utilization of hepatic CEUS. The results of this study will benefit further diffusion and utilization of CEUS and other appropriate health technology within the integrated health systems.

On the one hand, some hypotheses respectively proposed on the basis of KAP and ORC were confirmed in this study. Consistent with KAP hypotheses and previous empirical research (33), this study showed that the physicians' knowledge of hepatic CEUS positively influences their attitude and practice toward corresponding technology utilization. Additionally, significant influence was detected from physicians' attitude to their technology utilization behavior. These results reminded us that some efforts, such as transmitting the knowledge of certain technologies and transforming the belief of corresponding technologies utilization, should be made previously to promote the occurrence of technology utilization behavior (9). Similarly, this study reported significant positive association relationship between organizational atmosphere and organizational practice, which was in line with ORC theory. It revealed that organizational atmosphere and organizational practice complement and promote each other. It is embodied in CEUS and other corresponding health technologies that to obtain financial support, personnel support, information support, training and learning, information communication and other aspects of organizational practice, normative OC and strong willingness to share technology are needed as support. Conversely, if the hospital establishes an effective SM and is willing to carry out systematic training and the learning of appropriate health technology practices, it can further promote the hospital to advocate technological innovation, continuously learn and absorb new technologies, and share technological knowledge and information with other medical institutions. Thus, in the process of preparing for the diffusion of technological innovation in hospitals, the importance between organizational atmosphere and organizational practice should be highlighted.

On the other hand, with respect to the impacts of organizational determinants on the factors at the individual level, this study demonstrated that organizational practice could positively predict the knowledge and practice of physicians in the diffusion and utilization of hepatic CEUS, and play a mediating role in their utilization behavior through knowledge. Besides, the significant direct impact of organizational atmosphere was detected on the physicians' attitude toward hepatic CEUS utilization.

In line with the findings of previous research that organizational practice including some concrete SM can directly motivate individual behavior (34). In addition, this study reported that physicians were more inclined to use hepatic CEUS under appropriate situation if they gained more organizational support for CEUS adoption. The underlying mechanism may be that organizational practice can act as an organizational assurance and implementation support agency by providing more funding support, delivering more updating information, and setting up innovation promoting department, which will subsequently stimulate the physicians' consciousness and subjective initiative of hepatic CEUS adoption and utilization (20, 35). In the mode of medical alliance in China, the relatively common loose mode of the medical alliance fails to sink effectively in human resources allocation and health technology, which is not conducive to the diffusion and utilization of technology (36). On the other hand, the compact medical alliance manages people and property uniformly, encourages physicians to provide medical service guidance to grass-roots institutions (36), further sinks and integrates high-quality medical resources. Additionally, some member institutions in compact medical alliance have even invited experts from superior institutions to hold salons and lectures to share their experiences and insights in CEUS utilization in clinical practice. This will not only improve the physicians' knowledge of CEUS and enhance their own ability, but also drive more physicians to participate in the practice of the diffusion and utilization of corresponding technology, which may be the plausible reason of organizational practice's significant indirect impact on their utilization behavior through knowledge.

Since organizational atmosphere is often considered as an invisible “public opinion environment” recognized and accepted by the public (37), it is not hard to understand that it will inevitably affect physicians' attitude toward the diffusion and utilization of corresponding technology. In addition to the significant impact of attitude on the final utilization practice as mentioned above, this study confirmed organizational atmosphere's significant indirect influence on physicians' hepatic CEUS utilization practice through the physicians' attitude. These results highlighted the importance of developing a good organizational atmosphere suitable for the diffusion and utilization of technology or innovation (38). Combined with the practice mode of the medical alliance in China, the atmosphere of health technology diffusion in the loose medical organization has not formed the common value of technology diffusion compared with the compact medical alliance (36), which fails to unite, motivate, and regulate the behavior of the hospital members. To be more specific, it is recommended that the common value of advocating technological innovation should be established on the basis of constructing close medical alliance. Especially for the medical alliance of liver disease, it is of vital importance of reaching a consensus within the medical alliance to encourage early diagnosis and early treatment for patients with liver cancer even those at a high risk of liver cancer. On this basis, the organizational values that actively advocate the innovation in the screening and diagnostic technology would be capable to develop, which will further improve the organizational readiness for the diffusion and utilization of corresponding technologies at the ideological level (35).

However, it is noteworthy that the organizational atmosphere cannot directly drive the change of physicians' hepatic CEUS adoption and utilization. The plausible reason may be that organizational atmosphere representing the hospital's mental readiness and preference for certain technology innovation is not the organizational practice, which includes some concrete supporting measures to directly promote the advent of individual behavior (39). Additionally, organizational atmosphere does not completely replace or represent the individual physicians' attitude or intention toward corresponding technology use, which are often deemed as important predictors of utilization behavior in classical TPB (40). This result implied that the practical effect of technology diffusion would be limited if merely taking the countermeasure for improving organizational atmosphere without any concrete organizational SM. According to the significant association between organizational atmosphere and SM as confirmed above, it would be wise to simultaneously provide some concrete supporting measures (such as, providing financial support, establishing full-time departments or personnel, and establishing information communication channels) to promote new technology diffusion and utilization while creating an organizational atmosphere to encourage technological innovation.

This study was strengthened by some features. First, the study was developed by integrating the strengths of previous ORC and KAP theories, which greatly expand the scope of theoretical utilization and pertinently bridge the knowledge gap of the influencing mechanism of organizational factors on the physicians' KAP of diffusion and utilization of appropriate health technologies. Second, the research results will not only contribute to promoting the diffusion and utilization of hepatic CEUS to a wider scope at certain institutions, but also provide insight for expanding the use of other appropriate health technologies within an integrated healthcare system. Third, the sampled hospitals came from Fujian and Jiangxi Provinces respectively with a high- and low-liver cancer incidence rate, which would improve the representativeness of the sample. Fourth, this study applied SEM to simultaneously determine the influence of several factors on the diffusion and utilization of certain technology (outcome variable), as well as their internal interactions, which made the result prediction more accurate and robust. However, there are also some limitations to this study. First, due to the effect of social desirability and personal subjectivity, the surveyed physicians may tend to make more positive evaluation of their own and hospital performance than the actual situation, which leads to the overestimation of hospital atmosphere, practice, and physicians' KAP. Second, due to the structural design and length limit of the questionnaire, it lacks objective indicators to measure the professional knowledge of physicians. Finally, further research can take more relevant factors into considerations, such as physician's expertise and other organization-level factors that affect the physicians' KAP of the diffusion and utilization of hepatic CEUS or other appropriate health technologies. Besides, we will further study the influence of corresponding variables in future research.



CONCLUSION

By taking hepatic CEUS as an example, this study verified the influencing mechanism of organizational atmosphere and organizational practice on KAP toward the diffusion and utilization of corresponding technology. It is recommended to develop an organizational atmosphere of advocating technology innovation within the medical alliance and its member institutions. Additionally, to further expand the technology use to a wider scope, it also highlights the importance of establishing organizational SM. Some concrete supporting countermeasures are strongly recommended, such as sharing up-to-date information on corresponding technology or innovation, allocating special funds and personnel for technology innovation diffusion, and providing more training and guidance for newly introduced technologies.
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