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ABSTRACT

This study aimed to explore the factors influencing community pharmacists’ 
adoption of digital technologies. A cross-sectional survey was conducted 
with 879 pharmacists in Istanbul, using an extended Technology Acceptance 
Model. The key findings revealed that anxiety significantly hindered adoption, 
negatively affecting both perceived ease of use (peou) (–0.148) and facilitating 
conditions (fc) (–0.320 total, –0.270 direct). Peou was the strongest positive 
predictor of behavioral intention (bi), with total and direct effects of 0.241 and 
0.142, respectively, highlighting the importance of user-friendly technology 
design. Fc played a dual role, positively influencing training (0.247) and 
subjective norms (sn) (0.355), but negatively affecting self-efficacy (se) (–0.193 
total, –0.172 direct). Notably, sn negatively affected se (–0.124), suggesting 
that social pressure may act as a barrier rather than a facilitator. These findings 
highlight the necessity for comprehensive strategies addressing not only 
technical usability but also organizational support and social dynamics. 
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INTRODUCTION

Digital technologies have rapidly transformed healthcare delivery and patient 
expectations, requiring healthcare professionals to develop and continuously 
update digital competencies. As highly accessible frontline providers, community 
pharmacists are increasingly expected to integrate digital technologies into daily 
practice. This study examines the factors influencing pharmacists’ adoption of 
digital technologies and identifies strategies to support effective implementation.

Evidence suggests that technology integration in pharmacy practice improves 
productivity, quality of care, financial performance, and job satisfaction1. Robotic 
systems optimize medication distribution, particularly in hospital pharmacies2, 
while mobile technologies support patient monitoring, medication adherence, 
and clinical decision-making3,4. Despite these advantages, adoption remains 
limited; only 13.2% of community pharmacists use mobile health applications, 
mainly due to low awareness, trust issues, insufficient digital literacy, and limited 
confidence5,6.

Beyond mobile tools, technologies such as virtual reality (VR), cloud computing, 
and health information technology (HIT) are increasingly applied in pharmacy 
practice. VR has demonstrated potential in training and patient counseling but faces 
cost and validation barriers7. Cloud computing facilitates data exchange yet raises 
privacy and security concerns8. Although pharmacists commonly use computers, 
access to advanced databases and specialized software remains limited, highlighting 
the need for training beyond basic digital skills9. HIT systems—including drug 
databases, telemonitoring tools, and personalized digital interventions—have been 
shown to enhance patient safety and medication adherence10-13.

In Türkiye, prior TAM-based research focused primarily on the Medula system, 
limiting generalizability to broader digital technologies14. Other studies emphasize 
the growing importance of mobile technologies, electronic health records, data 
security, and technology-supported research in pharmacy practice15. However, 
contemporary pharmacy practice increasingly involves a wide range of digital 
innovations, including the Internet of Things, artificial intelligence, blockchain, 
wearable technologies, and cybersecurity.

Accordingly, this study investigates the determinants of digital technology 
adoption among participating community pharmacists in Istanbul by examining 
interactions between individual, technological, and implementation-related 
factors. By extending the TAM to incorporate these dimensions, the study provides 
region-specific evidence and proposes practical strategies to support digital 
transformation in community pharmacy practice.
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METHODOLOGY

Research model

To understand the factors influencing the adoption of digital technologies by 
community pharmacists, a research model was developed. This study builds 
upon the original TAM, which includes perceived usefulness (pu) and perceived 
ease of use (peou) and expands it to incorporate key external variables: anxiety 
(anx), training, and subjective norms (sn).

The model structure and hypothesized relationships were developed following 
an extensive literature review based on TAM and UTAUT frameworks. To 
ensure contextual relevance and clarity of the questionnaire items, experienced 
community pharmacists (n=5), each with over 10 years of professional 
experience and prior exposure to digital technologies in pharmacy practice, 
were consulted solely to assess face validity, clarity, and practical applicability. 
A pre-test of the questionnaire was then conducted with 20 community 
pharmacists, after which minor adjustments were made, resulting in the final 
version of the questionnaire. These adjustments were limited to item wording 
and did not result in any modification of the theoretical model or hypothesized 
relationships.

Following ethical approval, a cross-sectional survey was conducted through 
face-to-face interviews with 879 pharmacists in Istanbul, yielding a 95% 
confidence interval with a ± 3.00% margin of error. Istanbul was selected 
as the study setting due to its representation of approximately one-fifth of 
all pharmacies in Türkiye. The study population was stratified according to 
Istanbul’s 40 administrative districts, and pharmacies within each district were 
randomly selected to ensure proportional representation based on the number 
of pharmacies per district. As proportional allocation was applied, no post-
stratification weighting was required. Data collection took place between April 
and June 2019.

The survey consisted of 25 items divided into two sections. Section A included 
socio-demographic and professional characteristics (6 items) and was analyzed 
using descriptive statistics. Section B comprised 19 items assessing behaviors 
and attitudes toward digital technologies, measured on a 5-point Likert scale 
ranging from “Strongly disagree” (1) to “Strongly agree” (5), and analyzed using 
models based on TAM and UTAUT.

Findings related to advanced technology medicines collected within the same 
survey instrument have been reported in a separate publication16. Except for 
socio-demographic variables, the questionnaire items used in the present 
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study did not overlap with those included in the previously published research. 
Accordingly, this article focuses specifically on pharmacists’ attitudes toward 
digital technologies within the framework of TAM.

Technology acceptance model

TAM, derived from the Theory of Reasoned Action (TRA)17 focuses on the 
cognitive processes involved in individuals’ adaptation to new technologies18-19. 
Empirical studies have shown that TAM explains a significant portion of variance 
in usage intention and behavior, although inconsistently across different user 
types and systems19. Consequently, many studies have sought to extend the 
TAM model by incorporating external variables20-21. Our study is grounded in 
the model developed by Aggelidis et al. (2009), which is based on the UTAUT 
model22-24. The dependent variable in this study is behavioral intention to use 
bi, defined as an individual’s conscious decision to accept or use a technology. 
Aggelidis et al. (2009) proposed that technology acceptance should be examined 
across three distinct contexts: individual, technological, and implementation22.

The specific definitions of these contexts are as follows: 

Technological context

Perceived ease of use (peou): The degree to which a pharmacist believes 
that using a particular system would be free of effort.

Perceived usefulness (pu): The degree to which a pharmacist believes that 
using a specific application system will increase his or her job performance.

Individual context

Attitude towards using (atu): A pharmacist’s positive or negative feeling 
about using an information system.

Self-efficacy (se): A  pharmacist’s perception of his or her capability to 
successfully perform a particular task or attain a targeted outcome.

Anxiety (anx): A  pharmacist’s apprehension or fear when faced with the 
possibility of using technology.

Organizational (implementation) context

Facilitating conditions (fc): The degree to which a pharmacist believes that 
a satisfactory organizational and technical infrastructure exists to support the 
use of the system.

Training: A pharmacist’s perception of training programs on information 
system use before and during its operation.
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Subjective norms (sn): The perceived social pressure pharmacists feel to 
perform or not perform certain behaviours.

Statistical analysis

Statistical analysis of the results was conducted using Student’s t-test and 
Welch’s Test. Path analysis was employed to examine the extent and nature 
of relationships defined in the literature based on data obtained from the 
survey. The data were analyzed using Structural Equation Modeling (SEM) to 
test the most appropriate model grounded in theoretical relationships. Path 
analysis, a technique within SEM, shares structural similarities with classical 
regression analysis and allows for the examination of theoretically grounded 
relationships among multiple variables simultaneously. Rather than testing all 
possible variable combinations, this approach focuses on identifying the most 
appropriate model based on established theoretical frameworks.

Since the constructs were modeled as single-indicator latent variables derived 
from composite scores, traditional item-level reliability measures such as 
Cronbach’s alpha, Composite Reliability (CR), and Average Variance Extracted 
(AVE) were not applicable.  This modeling strategy is consistent with prior 
TAM- and UTAUT-based studies that emphasize theory-driven structural 
relationships and model parsimony.

Accordingly, construct validity was assessed at the model level using 
confirmatory factor analysis (CFA) and global goodness-of-fit indices.  The 
model demonstrated excellent fit (CFI = 1.000, IFI = 1.000, RMSEA = 0.000), 
providing strong evidence for the adequacy of the measurement approach and 
the validity of the latent constructs. In addition, the correlation matrix among 
latent variables is provided to support discriminant validity.

RESULTS and DISCUSSION

The distribution of socio-demographic characteristics amongst the participating 
community pharmacists is presented in Table 1.
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Table 1. Socio-demographic characteristics of community pharmacists

Socio-demographic Variables Frequency (n=879) Percent
%

Age

<26 44 5,0

26-30 169 19,2

31-40 295 33,6

41-50 215 24,5

51-60 86 9,8

>60 70 8,0

Gender
Male

Female
408
471

46,4
53,6

Education level
Bachelor’s degree
Master’s degree

Doctorate

755
104
18

86,1
11,8
2,1

Years of practice
1-5 years
6-10 years
11-15 years
16-20 years

More than 21 years

192
205
169
86
227

21,8
23,3
19,2
9,8
25,8

Location of community pharmacy
Neighborhood pharmacy

Pharmacy on a street
Pharmacy near a hospital

Pharmacy near a family health center
Pharmacy in a mall

121
415
218
120
5

13,8
47,2
24,8
13,7
0,6

Before testing the structural model, the correlations among all variables were 
examined to assess the magnitude and direction of bivariate relationships, 
to ensure the absence of multicollinearity, and to verify consistency with 
theoretical expectations.  All correlation coefficients were below commonly 
accepted thresholds for multicollinearity, indicating that the variables were 
sufficiently distinct for inclusion in the SEM analysis.  Table 2 presents the 
correlation matrix of the variables included in the model.
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Table 2. Correlation matrix

Variable anx peou pu fc sn training se atu bi

anx 1.000 -0.148 -0.056 -0.320 0.004 -0.090 0.022 -0.052 -0.052

peou -0.148 1.000 0.379 0.333 0.118 0.159 0.105 0.138 0.241

pu -0.056 0.379 1.000 0.289 0.103 0.273 0.120 0.114 0.204

fc -0.320 0.333 0.289 1.000 0.355 0.247 -0.193 0.111 0.059

sn 0.004 0.118 0.103 0.355 1.000 0.000 -0.124 -0.012 -0.001

training -0.090 0.159 0.273 0.247 0.000 1.000 0.094 0.069 0.192

se 0.022 0.105 0.120 -0.193 -0.124 0.094 1.000 0.094 0.011

atu -0.052 0.138 0.114 0.111 -0.012 0.069 0.094 1.000 0.122

bi -0.052 0.241 0.204 0.059 -0.001 0.192 0.011 0.122 1.000

Model fit analysis

The chi-square value for the model is 12.969, with 13 degrees of freedom. The 
ratio of the chi-square value to the degrees of freedom is 0.997, which is less 
than 2.0, indicating a good model fit.

The goodness-of-fit criteria obtained from the model are as follows: IFI = 1.000, 
CFI = 1.000, and RMSEA = 0.000, all of which indicate an excellent model fit.

Variance explained for dependent variables in the model

The endogenous variables in the model are explained at the following rates: fc 
39.7%, pu 15.5%, atu 15.1%, training 14.3%, and bi 13.9%. The explanation rates 
for other variables are: sn 8.4%, se 4.5%, and peou 2.8%.
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Table 3. Squared multiple correlations 

Variable Estimate

anx 0.000

peou 0.028

pu 0.155

fc 0.397

sn 0.084

training 0.143

se 0.045

atu 0.151

bi 0.139

Table 3 presents the explained variance (R²) for each dependent variable in the 
model. The variable for fc accounts for the highest explained variance at 39.7%, 
followed by pu at 15.5%, atu at 15.1%, training at 14.3%, and bi at 13.9%.

Measured direct effects in the model

As shown in Table 4, the direct effects reveal several meaningful relationships 
among the variables in the model.
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Table 4. Direct effects in the model (regression weights)

Estimate S.E. C.R. P

peou <--- anx -0.148 0.029 -5.062 ***

pu <--- peou 0.379 0.030 12.639 ***

fc <--- peou 0.224 0.025 8.823 ***

fc <--- pu 0.289 0.026 11.078 ***

fc <--- anx -0.270 0.021 -13.144 ***

training <--- pu 0.202 0.033 6.034 ***

training <--- fc 0.247 0.037 6.731 ***

sn <--- fc 0.355 0.040 8.944 ***

sn <--- anx 0.117 0.031 3.823 ***

se <--- peou 0.103 0.044 2.332 0.020

se <--- pu 0.157 0.047 3.342 ***

se <--- fc -0.172 0.054 -3.194 0.001

se <--- training 0.094 0.045 2.095 0.036

se <--- sn -0.124 0.041 -3.047 0.002

atu <--- pu 0.053 0.023 2.361 0.018

atu <--- peou 0.061 0.021 2.849 0.004

atu <--- training 0.060 0.022 2.793 0.005

atu <--- fc 0.114 0.026 4.473 ***

atu <--- se 0.094 0.016 5.774 ***

bi <--- pu 0.140 0.035 3.955 ***

bi <--- peou 0.142 0.033 4.297 ***

bi <--- training 0.184 0.035 5.319 ***

bi <--- atu 0.122 0.053 2.281 0.023

�	 Peou decreases as anx increases (-0.148).
�	 Pu increases with higher peou (0.379).
�	 Fc are positively influenced by both pu (0.289) and peou (0.224), but are 

negatively impacted by anx (-0.270). The most significant influence on fc is 
from pu.

�	 Training increases as fc (0.247) and pu (0.202) increase, with fc being the 
most significant factor affecting training.
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�	 Sn increases with both fc (0.355) and anx (0.117), where fc has the strongest 
effect on sn.

�	 Se is positively influenced by pu (0.157), peou (0.103), and training (0.094). 
In contrast, it is negatively affected by fc (-0.172) and sn (-0.124), with fc 
being the most influential variable.

�	 All variables affecting atu have a positive impact, listed in descending order 
as fc (0.114), se (0.094), peou (0.061), training (0.060), and pu (0.053).

�	 All variables that directly influence bi show a positive effect, with training 
(0.184), peou (0.142), pu (0.140), and atu (0.122) being the significant 
contributors.

Measured indirect effects in the model

As presented in Table 5, the indirect effects in the model are generally modest in 
magnitude, indicating that most relationships operate primarily through direct 
paths rather than through multiple mediating variables.

Table 5. Measured indirect effects in the model

anx peou pu fc sn training se atu

peou 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

pu -0.056 0.000 0.000 0.000 0.000 0.000 0.000 0.000

fc -0.049 0.109 0.000 0.000 0.000 0.000 0.000 0.000

sn -0.113 0.118 0.103 0.000 0.000 0.000 0.000 0.000

training -0.090 0.159 0.071 0.000 0.000 0.000 0.000 0.000

se 0.022 0.002 -0.037 -0.021 0.000 0.000 0.000 0.000

atu -0.052 0.078 0.061 -0.003 -0.012 0.009 0.000 0.000

bi -0.052 0.099 0.064 0.059 -0.001 0.008 0.011 0.000

�	 Peou shows no indirect effects.
�	 Pu is indirectly influenced by anxiety (-0.056), resulting in a negative effect.
�	 Fc is indirectly influenced by peou (0.109), which has a positive effect, and by 

anxiety (-0.049), which has a negative effect.
�	 Sn is indirectly influenced by peou (0.118), pu (0.103), and anxiety (-0.113). 

Among these, anxiety has a negative indirect effect.
�	 Training is indirectly influenced by peou (0.159), pu (0.071), and anx 

(-0.090). Anx again has a negative indirect effect.
�	 Se is indirectly influenced by peou (0.002), anxiety (0.022), fc (-0.021), and 
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pu (-0.037). The effects of anxiety and peou are positive.
�	 Atu is indirectly influenced by pu (0.061), anxiety (-0.052), peou (0.078), sn 

(-0.012), training (0.009), and fc (-0.003). Here, pu, peou, and training have 
positive effects.

�	 Bi is influenced by pu (0.064), fc (0.059), anxiety (-0.052), peou (0.099), se 
(0.011), training (0.008), and sn (-0.001). Among these, anxiety and sn have 
negative indirect effects.

Measured total effects in the model

Table 6 shows that the total effects are largely shaped by direct effects, with 
only limited contributions from indirect pathways, reinforcing the dominance 
of direct relationships within the model.

Table 6. Measured total effects in the model

anx peou pu fc sn training se atu

peou -0.148 0.000 0.000 0.000 0.000 0.000 0.000 0.000

pu -0.056 0.379 0.000 0.000 0.000 0.000 0.000 0.000

fc -0.320 0.333 0.289 0.000 0.000 0.000 0.000 0.000

sn 0.004 0.118 0.103 0.355 0.000 0.000 0.000 0.000

training -0.090 0.159 0.273 0.247 0.000 0.000 0.000 0.000

se 0.022 0.105 0.120 -0.193 -0.124 0.094 0.000 0.000

atu -0.052 0.138 0.114 0.111 -0.012 0.069 0.094 0.000

bi -0.052 0.241 0.204 0.059 -0.001 0.192 0.011 0.122

�	 In terms of overall effects, peou is not influenced by other variables in the 
model; its only total effect is the negative influence of anxiety (−0.148).

�	 Pu is positively influenced by peou (0.379) and negatively affected by anxiety 
(-0.056), with peou being the most significant variable for pu.

�	 Fc is positively influenced by both pu (0.289) and peou (0.333), while being 
negatively affected by anxiety (-0.320). The most influential variable for fc is 
peou.

�	 All variables influencing sn have a positive effect. The contributors to sn are 
fc (0.355), pu (0.103), peou (0.118), and anxiety (0.004), with fc being the 
most influential.

�	 Training is positively influenced by pu (0.273), fc (0.247), and peou (0.159), 
but is negatively affected by anxiety (-0.090). Pu is the most significant 
variable for training.
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�	 Se is positively influenced by pu (0.120), training (0.094), peou (0.105), 
and anxiety (0.022), while being negatively affected by fc (-0.193) and sn 
(-0.124). The most influential variable for se is fc.

�	 Atu is positively influenced by peou (0.138), pu (0.114), fc (0.111), se (0.094), 
and training (0.069), but negatively affected by anxiety (-0.052) and sn 
(-0.012). Peou is the most influential variable for atu.

�	 Bi is positively influenced by pu (0.204), training (0.192), peou (0.241), atu 
(0.122), fc (0.059), and se (0.011), while being negatively affected by anxiety 
(-0.052) and sn (-0.001). The most significant variable for bi is peou.

Figure 1 presents a structural equation model (SEM) that illustrates the 
relationships among various factors influencing bi in a technological context. 
This proposed model examines technological, organizational (implementation), 
and individual factors that affect pharmacists’ intentions to adopt technological 
innovations.

Figure 1. Proposed model of technology acceptance: a structural model of direct relationships

The results indicate that pu and peou significantly and positively predict both 
attitudes and behavioral intentions. Notably, anxiety has a strong negative 
influence on perceived ease of use. Facilitating conditions are positively 
impacted by social influence and training. The model underscores perceived 
ease of use as a crucial predictor of behavioral intention, emphasizing the 
importance of user-friendly technology design in pharmacy practice.

When considering the combined impact of direct, indirect, and total effects, 
several key findings emerge, which are listed and detailed below:
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Anx has a pervasive negative effect: It directly reduces peou (-0.148) 
and fc (-0.270). Indirectly, it decreases pu (-0.056), fc (-0.049, with a total of 
-0.320), training (-0.090), and negatively affects both atu and bi (-0.052 each). 
It also negatively influences sn (-0.113, total of 0.004), indicating that anx is a 
significant barrier to achieving desired outcomes.

Peou is a strong positive driver: Directly increasing pu (0.379), fc (0.224, 
total of 0.333), se (0.103, total of 0.105), atu (0.061, total of 0.138), and bi (0.142, 
total of 0.241). Indirect effects further enhance these positive relationships. 
Peou stands out as the most influential variable affecting fc and bi.

Pu has a significant effect on other variables: It directly increases fc 
(0.289), training (0.202, total of 0.273), se (0.157, total of 0.120), atu (0.053, 
total of 0.114), and bi (0.140, total of 0.204). Pu is the most influential factor 
on training.

Fc has a complex role: It directly and totally increases training (0.247) 
and sn (0.355), while also reducing se (-0.172, total of -0.193). Fc is the most 
influential variable on sn.

Training and se positively influence atu and bi: Training has a direct 
effect on se (0.094), atu (0.060), and bi (0.184). Se directly affects atu (0.094) 
and has an indirect effect on bi (0.011).

Sn have a negative effect on Se and a small negative effect on atu and 
bi: Direct and total effects on se are (-0.124), while indirect and total effects on 
atu and bi are (-0.012) and (-0.001), respectively.

Overall, this study reveals several significant findings that illuminate the 
dynamics of technology adoption among pharmacists:

Suppressor role of anx: Anx emerged as a significant suppressor across 
almost all variables, highlighting the urgent need for strategies to mitigate 
anxiety levels to promote technology adoption.

Importance of peou: Peou was identified as the most influential factor, 
underscoring the critical need for usability-focused design in technology 
integration.

Negative impact of sn: Contrary to expectations, sn had a negative effect on 
se, indicating that social pressure may not positively drive technology adoption.

Understanding the determinants of digital technology adoption among 
community pharmacists is vital for enhancing healthcare delivery. Previous 
studies in the healthcare sector have consistently identified perceived 
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usefulness as a dominant determinant influencing both attitudes and behavioral 
intentions directly and indirectly23-24. However, these studies often report a lack 
of significant association with peou, revealing a potential gap in understanding 
user-centered technology adoption. While our study confirms the significant 
impact of pu, it diverges by demonstrating that perceived ease of use emerged 
as the most influential factor in our specific context, emphasizing the need for 
user-centered design in digital health interventions.

Research involving pharmacists in New Zealand indicates that early adopters of 
technology are more willing to learn new digital skills and strategize their careers, 
although fears of job loss hinder their willingness to develop skills25. Similarly, 
studies in Jordan and Brazil highlight barriers to health information technology 
adoption, including resistance to change, lack of competence, and inadequate 
training26,27. A study in Australia stresses the importance of healthcare authorities 
supporting community pharmacists as their roles expand, particularly in 
adapting to advanced technologies. It also emphasizes the need for educating 
both pharmacists and patients about these technologies, as educational programs 
can alleviate concerns and address technological knowledge gaps28.

Building on these findings, our study explored the impact of training and 
anxiety on digital technology adoption. While training positively contributes to 
adoption, we observed a pronounced negative effect of anxiety, contrasting with 
some previous work. This highlights the necessity of addressing anxiety-related 
barriers for successful technology integration in pharmacy practice. Therefore, 
implementing anxiety-reduction training programs tailored to pharmacists’ 
specific challenges in adopting new technologies could be highly beneficial. 
Additionally, establishing technology support groups or forums for pharmacists 
to share experiences, ask questions, and receive peer support could further 
reduce anxiety and foster more positive attitudes toward technology integration. 
Clear communication about the benefits of technology and available support 
resources may also help alleviate anxiety.

Our study found that fc significantly impacts technology adoption. Although 
community pharmacies lack the institutional affiliation of hospitals, pharmacy 
associations and universities should support infrastructure development and 
information sharing to enhance technology adaptation and research-oriented 
practices.

Sezgin et al.14 (2016) examined the TAM using Medula, a Ministry of Health 
platform integrating electronic health records, and found peou and pu to be 
important predictors, aligning with our findings. Similarly, Alaşehir et al.29 
(2013) found that peou significantly influenced female pharmacists’ behavioral 
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intentions toward Medula, which is consistent with our results. However, our 
study explored a broader range of technologies, including IoT, AI, and wearable 
technology, providing a more comprehensive understanding of technology 
adoption in pharmacies.

Moreover, Aggelidis et al.22 (2009) highlighted peou as a significant predictor 
of bi, aligning with our study’s emphasis on user-friendly technology design. 
A crucial distinction, however, is the role of anxiety. While previous studies 
have shown that anx negatively impacts peou, our study extends this by 
demonstrating that anxiety acts as a significant suppressor across all variables, 
thus broadly negatively influencing technology adoption. This reinforces the 
critical need for anxiety reduction strategies, a finding further emphasized in 
our research.

As noted in numerous publications, despite the significant impact of technology 
on optimizing the healthcare system, further investigation into the technology 
acceptance, needs, and preferences of community pharmacists is necessary. 
Addressing this gap, our study reveals that peou is a crucial factor in digital 
technology adoption, while anxiety significantly impedes this process. Therefore, 
it is vital to focus on developing user-friendly technologies and implementing 
targeted anxiety-reduction programs to effectively address pharmacists’ 
concerns. For example, technology training, support groups, and mentorship 
programs may boost pharmacists’ confidence in technology, reduce anxiety, 
and foster a more positive attitude toward adoption.

Looking ahead, future research should prioritize longitudinal studies to validate 
these findings and explore additional factors, such as organizational and social 
influences, that may affect technology adoption among community pharmacists. 
Moreover, healthcare authorities should actively promote initiatives to bridge 
the digital gap and enhance the overall quality of pharmacy practice.

Limitations and future research

This study has several limitations that must be acknowledged. First, the cross-
sectional design restricts our ability to establish causal relationships between 
variables. Future research should adopt longitudinal designs, such as panel or 
cohort studies, to investigate the evolving nature of technology adoption and 
its long-term effects. Given the rapid pace of technological advancements, 
replicating this study over time is essential to accurately reflect changing trends 
and maintain the relevance of the findings.

Second, the sample consisted of pharmacists from a specific region, which may 
limit the generalizability of the results. Future studies should aim for a more 
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diverse sample of pharmacists from various regions and healthcare settings, 
including public and private hospitals and community pharmacies, to enhance 
external validity. Additionally, future research could examine the influence of 
individual differences, such as personality traits (e.g., openness to experience, 
adaptability) and prior technology experience (e.g., familiarity with electronic 
health records, mobile health applications), and on technology adoption among 
pharmacists.

Third, the constructs in this study were modeled using composite-based single-
indicator latent variables, which did not allow for the calculation of traditional 
item-level reliability indices such as Cronbach’s alpha, Composite Reliability, or 
Average Variance Extracted. Although this modeling approach is theoretically 
justified and commonly applied in TAM- and UTAUT-based SEM research, 
future studies could employ multi-item latent constructs to enable more 
detailed assessment of measurement reliability and convergent validity.
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