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Abstract

Background: Telemedicine use surged due to its capacity to deliver safe, remote care. As the public health crisis subsides,
evaluating the interplay among various tools, such as video, audio, and text, becomes critical to sustained use. With health care
shifting back to in-person models, understanding whether telemedicine tools complement or compete provides valuable insights
for future technology design and usage strategies.

Objective: This study investigates whether different types of telemedicine technology tools complement or compete while
physiciansdeliver health care servicesthrough them. A clear understanding of the rel ationships between tel emedi cine technology
tools, physicians’ satisfaction, evaluation of care quality, and patient visit percentagesis crucial for the design of new telemedicine
technology platforms and ensuring quality of care services through technology platforms.

Methods: To fulfill our objective, we analyzed datafrom the 2021 National Electronic Health Records Survey. We used ordered
logit and probit regression models to evaluate the effects of telemedicine technology tools on physicians overall satisfaction,
quality of health care evaluation, and the percentage of patient visits viatelemedicine.

Results: A total of 1875 office-based physiciansin the United States completed the survey. Three main outcomes were assessed,
including physician satisfaction (n=1614), evaluation of health care quality (n=1617), and the percentage of patient visits conducted
via telemedicine (n=1558). Ordered logit and probit regression analyses revealed that the aggravated use of telemedicine tools
had a significant impact on improvements in al 3 outcomes. A unit increase in telemedicine tools was associated with a 4.2
percentage point increase in the predicted probability of physicians being “very satisfied” (P<.001) and a 5.2 percentage point
increase in eval uating telemedicine quality as“to agreat extent” (P<.001). For patient visits, aunit increase in telemedicine tools
was associated with a 1.8 percentage point increase in the likelihood of reporting “=75% of visits via telemedicine” (P<.001).
Disaggregated analysis indicated that all individual tools were positively associated with physician satisfaction and quality
evaluation (P<.05). Bundle modelsreveal ed patterns consistent with complementarity (several bundles exceeded their constituent
tools) and competition (some significant bundles were smaller than at least one constituent tool), aligning with the presence of
both reinforcing and overlapping functionalities.

Conclusions: Our study demonstrates that telemedicine toolsinteract in ways that can be either complementary or competitive,
depending on how their functionalities align within physicians’ workflows. Videoconferencing tools, especially when integrated
with electronic health record platforms, act as a central complementary component that enhances physicians' satisfaction and
evaluation of care quality. In contrast, combinations lacking video capability or involving multiple nonintegrated platforms
fragment workflows and increase cognitive burden. These findings emphasize the importance of designing telemedicine tool
bundlesthat align media capabilitieswith clinical communi cation needs, thereby improving satisfaction and supporting sustainable,
high-quality telemedicine practice.
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Introduction

Overview

Telemedicine, the use of telecommunications technology to
provide health careremotely [1], hasrapidly evolved to improve
access to high-quality, efficient, and cost-effective health care,
particularly during a major public health crisis like the
COVID-19 pandemic [2,3]. Due to the unique characteristics
of telemedicinge, it has emerged as an ideal solution for
mitigating the risks of secondary virus transmission and
continuity of health care services. During the COVID-19
pandemic, there was a significant surge in demand for
telemedicine, leading to substantial growth in the telemedicine
industry, with remote appointments increasing by 154% within
a year [4]. Meanwhile, the globa telemedicine market is
projected to grow from US $60.15 hillionin 2023 to US $309.90
billion by 2032, with acompound annual growth rate of 19.98%
[5].

Although telemedicine adoption was initialy slow [6] and
hindered by restrictive administrative regulations as well as
limited financial investment [7], the COVID-19 pandemic
significantly accelerated its adoption as it became the only
alternative to in-person care, offering the safest mode of health
caredelivery [8]. Thisshift relied on using multipletelemedicine
tools, which provided physicians and patients with multiple
synchronous and asynchronous communication channels,
including audio, video, and text (with and without electronic
health records [EHRS]).

During and post the COVID-19 pandemic, most physicians
received access to more than one type of telemedicine tool,
which usually supports different functionalities (eg, telephone,
videoconferencing, platformswithout EHR, and platformswith
EHR). Considering that individual toolsand their combinations
differ in efficacy and consequently influence the quality of
health care delivery, it is essential to identify their performance
both as independent tools and as integrated bundles.

However, there are only ahandful of studiesthat have compared
different telemedicine tools before or after the COVID-19
pandemic. For instance, the meta-analysis by Byambasuren et
al [9] revealed no significant differencein clinical effectiveness
between telephone and video consultations, though video was
preferred for clinical assessment despite feasibility issues. Ina
separate study, Alhgjri et a [10] found that physicians had
greater confidence in acute care and patient education with video
compared to audio but experienced longer consultation times.
In addition, Orrange et a [11] suggested that most patients
preferred video over telephone for telehealth visits despite
encountering technical issues, due to the overall convenience.
Collectively, these studies highlight that different telemedicine
tools have unique strengths and limitations, which are shaped
by user and usage context, as well as the mode of interaction.
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However, we dtill have very little knowledge about their
perception and performance when they are deployed together.

Additionally, although studies compare different telemedicine
tools from various perspectives, they often overlook the
communication functions embedded within each tool.
Communication is the core function of telemedicine tools,
particularly crucial for ambulatory care physicians who face
challenges related to technology infrastructure, such as low
bandwidth and dow internet speeds[12]. While previous studies
have compared different telemedicine tools, such as audio and
video, in terms of perceived convenience, clinical effectiveness,
or health care quality, they have mostly treated these tools as
individual units.

Surprisingly, there is little exploration that investigates how
these telemedicine tools, with their varying levels of media
richness, synchronicity, and interactivity, work together and
independently to influence clinical communication. For example,
both Doxy.me (a telemedicine platform) and FaceTime are
labeled as“video” tools. However, they may differ substantially
in how they support real-time feedback, offering visual cues,
or in interface stability. These communication functionalities,
rather than the tool types themselves, shape how effectively
clinical conversations are conducted and decisions are made.
Therefore, it is also important to investigate whether
telemedicine tools using different communication modes
function in a complementary or competitive manner with
existing physician workflows[13].

If thesetool s are complementary, they can collectively enhance
health care delivery by improving system efficiency, ensuring
better alignment between physicians' tasks and telemedicine
tools, and providing a seamless experience that increases
physician satisfaction [14]. On the other hand, if they compete,
this may result in duplicated functionalities, fragmented
workflows, increased cognitive burden, and communication
fatigue, ultimately reducing satisfaction and the effective use
of telemedicine [15].

Thus, understanding the nature of the relationship
(complementary vs competitive) between telemedicine tools
helps inform sustainable telemedicine use, especially when it
is no longer a necessity but an optional provision. For a
complementary relationship, there are different usage strategies
and policies for physicians, clinical settings, or industry,
compared to a competitive relationship. This leads us to posit
our research question: “Do telemedicine tools compete or
complement each other?’

In our study, we aimed to answer this question from the
perspective of physicians, the primary users of telemedicine
tools. We used data from the 2021 National Electronic Health
Records Survey (NEHRS) [16-19] and applied media
synchronicity theory (MST) to answer the research question.
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We used ordered logit and probit regression modelsfor empirical
analysis.

Our findings reveal that while both independent and combined
uses of telemedicine tools enhance physicians’ satisfaction and
quality-of-health care evaluations, their combinations are not
always complementary. Instead, various telemedicine bundles
produce either complementary or competing effects depending
on how functionalities align within physicians clinical
workflows. Specifically, video-based communication tools serve
as a central complementary element that enriches clinical
assessment and communication, particularly when integrated
with EHR-embedded platforms. However, bundleslacking video
capability or comprising multiple nonintegrated platforms, like
the  simultaneous use of EHR-embedded and
non—EHR-embedded tel emedi cine platforms, lead to workflow
fragmentation and cognitive overload, ultimately lowering
physicians’ satisfaction and their evaluations of care quality. In
addition, tool bundles with a higher number of telemedicine
tools increase the percentage of patients who visit physicians
via telemedicine by enhancing flexibility and accessibility.
Based on our findings, we recommend tel emedicine technology
vendors and platform developers for technological systems
designed to ensure the complementary behavior of different
tools based on physicians’ specific demands.

Aim

Understanding whether telemedicine tools operate in
complementary or competing mannersis essential for sustained
use of telemedicine in the postpandemic era. This study
examines the impact of individual telemedicine tools and
combinations of tools on physicians satisfaction, perceived
quality of care, and the proportion of patient visits conducted
viatelemedicine. Specifically, weinvestigate whether different
combinations of telemedicine tools function as complements
or substitutes within the clinical workflows of ambulatory care
physicians.

Literature Review

Although telemedicine technology has existed for decades, it
was not widely adopted by physicians or patients until the
pandemic. In our literature review section, we primarily focus
on (1) the technological capabilities of telemedicine tools and
their associated tasks, (2) the impact of telemedicine
technologies on physicians' satisfaction, (3) the impact of
telemedicine technologies on physicians evaluation of
telemedicine service quality, and (4) theimpact of telemedicine
technologies on patients' visits choices.

Telemedicine Technology Capabilities and Their
Associated Tasks

Telemedicine tools can be grouped into 2 categories based on
their synchronous (eg, real-time audio and video consultations)
or asynchronous (eg, message-based or store-and-forward
systems) communication features. Each telemedicine tool
supports specific health care tasks depending on its technical
features, such as mediarichness, interactivity, and synchronicity.
Synchronoustelemedi cinetools, such aslive video consultations
or real-time chat systems, are widely accepted for their ability
to facilitate immediate interaction between physicians and
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patients [20]. These tools aim to replicate in-person visits,
enabling rea-time diagnosis and immediate medical advice
through audio and video communication channels [21-23].
However, they are dependent on both parties’ (physician and
patient) simultaneous availability. Alternatively, asynchronous
telemedicinetools, like email, offer flexibility and convenience
by enabling patients and health care providersto communicate
without the need for simultaneous presence [24,25]. Thesetools
are especialy effective for follow-up care, chronic disease
management, or sharing test results, where real-time interaction
is not necessary. Their acceptance is high among patients
seeking time-efficient solutions or health care providers
managing a large number of patients. However, the lack of
immediate feedback limits their effectiveness for patients who
require urgent attention. Therefore, it is essential to strike a
balance between the needs of physicians and patients when
implementing telemedicine tools.

Impact of Telemedicine Technologies on Physicians
Satisfaction

Physician satisfaction is a crucial determinant of continuous
telemedicine adoption and long-term system use [14]. Prior
studies suggest that physicians' satisfaction is shaped by both
system-level attributes, such as usability, interoperability, and
reliability, aswell as user-level experiences, such as workload,
communication quality, and perceived clinical control [26,27].
For example, video-based telemedicine generally contributes
to higher physicians satisfaction levels than telephonic
consultations, asit alowsricher interactions, visual assessment,
and enhanced rapport with patients [10]. However, video
consultations are al so associated with longer session times and
potential technical issues, which can diminish physicians
satisfaction under certain conditions[28,29]. Therefore, current
studies indicate that video should supplement, rather than
replace, the telephone [28,29].

Moreover, when multiple tools are available, physicians
satisfaction depends on whether these telemedicine tools are
seamlessly complementary and align with physicians’ health
care—related task requirements [27]. In contrast, physicians
might report frustration when tools compete, for example, when
an EHR-integrated video platform and an independent
messaging app duplicate documentation or scheduling tasks
[30].

Impact of Telemedicine Technologies on Physicians
Evaluation of Telemedicine Service Quality

Physicians' evaluation of telemedicine service quality reflects
their comparison of the perceived quality of health care between
telemedicine and traditional in-person visits [31]. Studies have
shown that asynchronous tools, such as email, are valued for
follow-up communication; however, their effectiveness in
immediate medical decision-making is lower than that of
face-to-face methods [32]. In contrast, synchronous video
consultations enhance physicians' diagnostic confidence and
clinical effectiveness. In particular, for acute care or clinical
assessments, the quality of synchronous video consultations
can be comparable to that of traditional in-person care,
especialy under acute external stress, such as during the
pandemic period [28,33]. Furthermore, theintegration of EHRs
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can improve physicians perceived quality of care by facilitating
decision-making through access to and sharing comprehensive
patient medical information, thereby ensuring continuity of care
[34,35]. However, excessive system complexity or poor
interoperability between platforms can have the opposite effect,
increasing physicians cognitive load, disrupting clinical
workflows, and ultimately reducing their evaluation of
telemedicine service quality [36,37].

Impact of Telemedicine Technologies on Patients’ Visit
Choices

The adoption of telemedicine technologies has a so influenced
patients' preferencesand behaviorsregarding the types of visits
they prefer. For example, the availability of video and audio
consultations increases health care access by reducing travel
time, waiting time, and perceived risk of exposure [33,38,39].
Therefore, during the COVID-19 pandemic, patients widely
adopted telemedicine as a substitute for in-person visits, with
remote consultations dramatically increased across multiple
specialties [8]. Postpandemic studies, however, indicate that
visit choices now depend on perceived convenience, trust, and
the nature of the medical issue [40].

Patients generally prefer video consultations over audio when
visual assessment or relational communication is important;
however, they choose telephone consultations for brief
follow-ups or low-complexity issues [41]. Significantly,
patients' continued usage in telemedicine is shaped by their
communication experience, the reliability of the technology,
and the perceived competence of the physician [42].

To providean overview of the existing literaturein thisdomain,
we synthesized therel evant literature into Multimedia Appendix
1. Our review reveds that while literature often examines
individual telemedicine tools or analyses multiple tools
separately within astudy, thereislimited research investigating
whether multiple tools complement or compete with each other.

This knowledge is critical, as understanding the interplay
between telemedicine tools could provide insights into their
collectiveimpact on physicians overall satisfaction, evaluations
of hedth care quality, and the proportion of patient visits
conducted via telemedicine. To address this knowledge gap,
our study explores whether complementary or competitive
relationships among various telemedicine tools influence the
outcomes. We aim to contribute to the telemedicine literature,
benefiting health care professionals, researchers, and designers
of health IT aike.

Theoretical Framing

To better explore whether telemedicine tools compete or
complement each other, we applied MST. MST emphasizes
how different media capabilities support 2 fundamental
communication processes. conveyance and convergence[43,44].
Conveyance involves transmitting complex information that
requires the receiver to process and interpret it, whereas
convergence aimsto establish a shared understanding and reach
a consensus among participants. Additionally, MST identifies
five core mediacapabilities: (1) symbol sets, the variety of ways
information can be encoded (eg, text, voice, video); (2)
parallelism, the extent to which multiple conversations can
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occur simultaneously; (3) transmission velocity, how quickly
messages are delivered; (4) rehearsability, the ability to fine-tune
amessage before sending it; and (5) reprocessability, the extent
to which a message can be reviewed or revisited after
transmission.

In the context of telemedicine, different tools embody distinct
combinations of these capabilities and therefore serve different
communicative purposes. For example, telephone audio (T1)
offers low symbol diversity and reprocessability, making it
suitable for simple updates rather than complex discussions.
Videoconferencing tools (T2), with richer symbol setsand high
transmission vel ocity, support synchronousinteractions, visual
assessment, and real-time convergence between physiciansand
patients. Non—EHR-integrated telemedicine platforms (T3)
support structured, health-specific interactions but often lack
continuity of documentation or direct accessto clinical records,
which limits their reprocessability and integration. However,
they may offer higher parallelism and flexibility, especially for
lightweight or routine consultations. EHR-integrated
telemedicine platforms (T4) enhance both rehearsability and
reprocessability by enabling real-time clinical documentation,
access to patient history, and retrospective review. However,
they also significantly increase the cognitive load on physicians
[44] when navigating patient information in an EHR system,
which remains a demanding task. Therefore, we argue that no
single telemedicine tool is suitable for al tasks in all care
contexts. Based on the above argument, telemedicine tools can
be selected or combined to optimize communication according
to the requirements of clinical or administrative tasks. MST
thus provides a useful lens for interpreting how these tools
complement or compete within ambulatory care, in the context
of physicians’ workflows.

Previous research has reported the application of MST in the
domain of telemedicine. Tan and Yan [45] used M ST to classify
text and patternsin recognition, while Yan et a [46] used MST
to design a comparative case study and conduct a deductive
analysis of teleconsultation adoption in clinical settings. Tan
and Yan [45] demonstrated that physicians’ response behaviors
and media features, particularly response speed and the
availability of voice services, jointly influenced their perceived
service quality in mobile health care, with media synchronicity
capabilities acting as a moderating factor. Yan et al [46]
suggested that when the media synchronicity of the adopted
technology matches the synchronicity requirements of the
communication process, tel econsultation services arefacilitated.
Although MST was used in the context of telemedicine, to the
best of our knowledge, it was never used to investigate the
complementary or competitive nature of telemedicine tools.

Health care delivery often involves multiple communication
toolsthat must coordinate effectively with each other to achieve
the best patient outcomes. MST offers a valuable theoretical
lensto address thisissue by distinguishing between conveyance
and convergence communication processes and aligning them
with specific media capabilities. Thisallowsfor amore precise
evaluation of when tool s should substitute for one another versus
when they should be integrated to support different stages of
communication. Therefore, applying MST enhances our
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understanding of media choiceto explain whether telemedicine
tools compete or complement each other.

Ethical Consider ations

This study was a secondary analysis of deidentified data from
the NEHRS, conducted by the National Center for Health
Statistics (NCHS), US Centers for Disease Control and
Prevention (CDC). NEHRSisanational survey of office-based
physicians that collectsinformation on the adoption and use of
EHRsand related health information technologies. The analytic
dataset used in this study was obtained from the public-use
NEHRS files, which contain no direct identifiers and adhere to
NCHS data confidentiality standards. As this study involved
only analysis of existing, fully identified public-use data, no
additional institutional review board or human research ethics
committee review was sought for this secondary analysis, in
accordance with institutional and national guidance on research
using public-use survey data. The origind NEHRS data
collection was conducted by NCHS under applicable federal
regulations and ethical guidelines governing human participants
research, and participating physicians provided consent at the
time of the primary survey. Privacy and confidentiality were
maintained throughout the current analysis, and no individual
physician, practice, or patient can beidentified from the reported
results.

Methods

Data Resource

This study used data from the NEHRS, a nationaly
representative survey of office-based ambulatory care physicians
in the United States [16-19]. The NEHRS sample is designed
to be representative of the broader population of office-based
physiciansin the United States. It provides crucial insightsinto
EHR use, practicerelated details, controlled substance
prescribing, health information exchange, telemedicine use, and
documentation-related burdens. The survey comprises 32
primary questions, further divided into many subquestions. The
initial NEHRS sample in 2021 included 10,302 office-based
physicians. After screening for eligibility, 2037 physicianswere
confirmed to meet the following inclusion criteriaz (1)
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office-based; (2) principally engaged in patient care activities;
(3) nonfederally employed; (4) not in the speciaties of
anesthesiology, pathology, or radiology; and (5) younger than
85 years of age at the time of the survey. Among them, 1875
physicians fully completed the survey by responding to al key
items, and these completed responses form the final analytic
sample used in this study. All dtatistical analyses and
interpretations in this study are based on the 1875 individual
respondents who compl eted the full survey. The survey provides
information not only about physicians satisfaction, perceived
quality of heath care, and the percentage of patient visits
conducted through telemedicine, but also includes data on
physician gender, age, and clinical setting, among other details
[19].

Dependent Variables and I ndependent Variables

The dependent variables examined in our study are office-based
physicians satisfaction with telemedicine technology use
(Telemedsat), physicians' quality-of-health care evaluation in
comparison to in-person service (Telemedqual), and percentage
of patient visits through tel emedi cine as a proportion of overall
ambulatory care visits. Examining these 3 dependent variables
would provide us with amore comprehensive understanding of
telemedicine use among ambulatory care physicians. While
satisfaction reflects physicians' personal emotional responseto
the use of telemedicine tools, physicians' evaluation of health
care quality captures physicians retrospective, task-specific
judgment about the functional equivalence of telemedicine
relativeto traditional care delivery [10,47]. The second measure
requires physiciansto directly compare their own performance,
focusing on their perceived ability to maintain clinical standards
in a telemedicine setting. The percentage of patient visits via
telemedicine tools measures physicians' active engagement and
comfort with telemedicine tools whil e interacting with patients
[11,12,48].

These variables collectively enable usto eva uate the experience,
performance, and behavioral adoption of telemedicine tools
among ambulatory care physicians. Table 1 presents the
descriptive statistics of these 3 dependent variables along with
the independent and control variables.

JMIR Med Inform 2025 | vol. 13 | €75246 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS

Table 1. Descriptive statistics for dependent, independent, and control variables.
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Variables and descriptions Value
Dependent variables
Telemedsat?, n (%)
Very satisfied 291 (18.05)
Somewhat satisfied 671 (41.53)
Neither satisfied nor dissatisfied 283 (17.49)
Somewhat dissatisfied 261 (16.13)
Very dissatisfied 108 (6.80)
Telemedqual®, n (%)
Fully 57(3.52)
To agreat extent 436 (27.02)
To some extent 725 (44.73)
To asmall extent 337 (20.79)
Not at all 62 (3.95)
Telemedpct®, n (%)
>75% 117 (7.77)
50%-74% 126 (8.09)
25%-49% 421 (27.02)
<25% 875 (56.16)
None 19 (0.96)
Independent variables
Sum of telemedicine tools used, mean (SD)
sumTd 1.97 (0.87)

Onetelemedicinetool®, n (%)
T1f (yesvsno)
T29 (yes vs no)
T3 (yesvsno)

T4 (yesvsno)
Bundletelemedicinetools, n (%)

T1T2 vsothers
T1T3 vsothers
T1T4 vsothers
T2T3 vsothers
T2T4 vsothers
T3T4 vsothers
T1T2T3 vsothers
T1T3T4 vsothers
T1T2T4 vsothers
T2T3T4 vs others
T1T2T3T4 vsothers

Control variables

1107 (68.08) vs 519 (31.92)
936 (57.56) vs 690 (42.44)
707 (43.48) vs 919 (56.52)

451 (27.74) vs 1175 (72.26)

695 (42.74) vs 931 (57.26)

469 (28.72) vs 1159 (71.28)
330 (20.30) vs 1296 (79.70)
318 (19.56) vs 1308 (80.44)
219 (13.47) vs 1407 (86.53)
136 (8.36) vs 1490 (91.64)
270 (16.61) vs 1356 (83.39)
118 (7.26) vs 1508 (92.74)
187 (11.50) vs 1439 (88.50)
71 (4.36) vs 1555 (95.64)
65 (4.00) vs 1561 (96.00)
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Variables and descriptions Value

Barriers, n (%)

Telemedbarrier1 576 (35.42)

Telemedbarrier2 290 (17.83)

Telemedbarrier3™ 423 (26.01)

Telemedbarrier4” 1078 (66.30)

Telemedbarriers® 1152 (70.84)
FacilitatorP, n (%)

No improvement 757 (46.56)

Improvement 869 (53.44)
Physex9, n (%)

Male 612 (32.69)

Female 1259 (67.31)
Phyage50', n (%)

Age <50 years 653 (34.88)

Age >50 years 1218 (65.12)
Speccat® n (%)

Primary care specialty 911 (48.69)

Surgical specialty 411 (21.97)

Medical specialty 549 (29.33)
Numofphy', n (%)

1 physician 432 (23.09)

2-3 physicians 367 (19.63)

4-10 physicians 557 (28.76)

11-50 physicians 292 (15.57)

>50 physicians 223 (11.95)
Setting”, n (%)

Solo or group practice 1317 (70.35)
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Variables and descriptions Value
Other setting 554 (29.65)

#Telemedsat: physicians' satisfaction (ordinal variable measured on a 5-point Likert scale).

bTel emedqual: physicians evaluation of health care quality (ordinal variable measured on a 5-point Likert scale).
“Telemedpct: percentage of patient visits via telemedicine (ordinal variable measured on a 5-point Likert scale).

dSumT: total number of telemedicine tools each physician used (continuous variable).

®Distribution of single-tool users: T1 only=121 (7.44%), T2 only=165 (10.15%), T3 only=175 (10.76%), T4 only=77 (4.74%).

fT1: telephone audio (binary variable).

9T2: videoconference software with audio (eg, Zoom, Ibex, FaceTime; binary variable).

PT3: telemedicine platforms not integrated with electronic health records (eg, Doxy. me; binary variable).

IT4: telemedicine platforms integrated with electronic health records (eg, updating clinical documentation during atelemedicine visit; binary variable).
IT1T2: physicians who use T1 and T2 simultaneously—binary variable (the following variables are expressed in the same way asthis).

kTelemedbarrier1: limited internet access or speed issues (binary variable).

I'Telemedbarrier2: telemedicine platform not easy to use or did not meet physician’s needs (binary variable).
MTelemedbarrier3: telemedicineis not appropriate for physician’s specialty or type of patients (binary variable).
"Telemedbarrier4: limitations in patients’ access to technology (eg, smartphone, compuiter, tablet, internet; binary variable).
®Telemedbarrier5: patients’ difficulty using technology or telemedicine platform (binary variable).

PFacilitator: improved reimbursement and relaxation of rules related to use of telemedicine visits (binary variable).

9Physex: physicians sex (binary variable).

"Phyage50: physicians' age group (binary variable).

SSpeccat: physicians' specialty type (multinomial variable).

tNumofphy: number of physicians working in the facility (ordinal variable).
Uetting: the nature of the practice setting (binary variable).

Independent variables include 4 telemedicine tools: telephone
audio (T1); videoconference softwarewith audio (T2; eg, Zoom,
Ibex, and FaceTime); telemedicine platforms not integrated
with EHR (T3; eg, Doxy.me); and telemedicine platforms
integrated with EHR (T4; eg, updating clinical documentation
during a telemedicine visit). We counted the total number of
telemedicine tools each physician uses and considered them a
singular construct (SumT). We also conducted further analysis
on different combinations of telemedicine tools
(TelemedCombination). For example, physicians used both
telephone audio and videoconference software with audio
(T1T2), or they simultaneously used telephone audio,
videoconference software with audio, and telemedicine
platforms not integrated with EHR (eg, Doxy.me; T1T2T3),
among other combinations. Notably, in the survey, physicians
were asked to indicate which telemedicine tools they used by
selecting from a list of 4 options, with no restrictions or
dependencies among the tools. This meansthat each tool could
be adopted independently of the others and was not mutually
exclusive,

We also consider a set of relevant control variables, including
physicians’ sex (Physex), physicians age group (Phyage50),
physicians speciaty type (Speccat), number of physicians
working in the facility (Numofphy), the nature of the practice
(Setting), and perceived barriers and facilitatorsto telemedicine
tools usage. Perceived barriers when using telemedicine tools
can be categorized into 5 groups, including limited internet
access and speed issues (Telemedbarrierl), platforms that are
difficult to use or fail to meet physicians needs
(Telemedbarrier2), telemedicine may not be suitable for specific
specialties or patient types (Telemedbarrier3), limited access
to technology for patients (eg, smartphones, computers, tablets,

https://medinform.jmir.org/2025/1/€75246

or the internet; Telemedbarrier4), and the difficulties patients
experience  in navigating telemedicine  platforms
(Telemedbarrier5). A notable facilitator for telemedicine
adoption is the ease of reimbursement for telemedicine visits
through third-party providers (Facilitator). To address potential
endogeneity concerns, we control physicians' attitude toward
innovation (Telemedbarrier?), patients attitude toward
telemedicine (Telemedbarrier3 and Telemedbarrierd), policy
factors (Facilitator), and organizational factors (Numofphy and
Setting).

Data Analysis

Telemedicine's impact on physicians' satisfaction, quality of
care, and percentage of patients' visits are ordinal variables.
Thus, we used the ordered logit regression model and the
ordered probit regression model (for checking the robustness
of our results) to examine the effects of telemedicine on 3
dependent variables, while controlling for other variables that
might influence these variables.

Yi = Bo + BSumT; + vy Telemedbarrierl;
Y.Telemedbarrier, +  ysTelemedbarrier3, +
viTelemedbarrierd;, +  ysTelemedbarrier5  +

YeFacilitator; + ygPhysex; + y;Phyageb0; + ygSpeccat;
+ YoNumofphy; + y,,Setting; + &(1)

Vi = Bo *+ BiTL + BoT2 + BsT3 + ByT4
yi Telemedbarrierl; Y, Telemedbarrier2,
ysTelemedbarrier3; yaTelemedbarriers;
vsTelemedbarrier5; + ygFacilitator; + ygPhysex;
y,Phyage50; + ysSpeccat; + YoNumofphy; + y,oSetting;
+€(2)

+

+
+ +
+
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B, TelemedCombination;,  +
yiTelemedbarrierl, Y, Telemedbarrier2, +
vsTelemedbarrier3, +  y,Telemedbarrierd, +
vsTelemedbarrier5; + ygFacilitator; + ygPhysex; +
Y7Phyage50; + ygSpeccat; + ygNumofphy; +y,Setting;
+&(3)

For each equation, y; represents the physician’s satisfaction

level, physician’s quality valuation of using telemedicine, and

the percentage of patients visit via telemedicine, respectively.

Yi = B +

Liu & Sengupta

Asfor equation 3, TelemedCombination, representsthe 11 types
of combination of telemedicine tooals, including T1T2, T1T3,
TAT4,T2T3,T2T4, T3T4, T1T2T3, T1T2T4, TAT3T4, T2T3T4,
and TAT2T3T4.

Correlation Analysis

Phi (@) correlation coefficients were used to assess the
correlations among the binary independent variables (T1, T2,
T3, and T4). Asshown in Table 2, the correlations were weak,
suggesting that the independent variables were free from the
concerns of multicollinearity.

Table2. Correlation analysis (phi correlation coefficients and 2-tailed P value) among the independent variables. Phi coefficients (¢) were used because

both variables were dichotomous (binary).

Variables T12 T2 T3 T4
T1

(0] 1.00 0.158 -0.03 0,078

P value N/AS <.001 12 <.001
T2

¢ 0.15° 1.00 -0.22° -0.11°

P vaue <.001 N/A <.001 <.001
T3

] -0.04 —0.22° 1.00 0178

P vaue A2 <.001 N/A <.001
T4

@ 0.07° -0.11° -0.17® 1.00

P value <.001 <.001 <.001 N/A

871 telephone audio.

bT2: videoconference software with audio.

T3: telemedicine platforms not integrated with electronic health records.
474: telemedicine platforms integrated with electronic health records.
®The correlation is significant at a significance level of .01 (2-tailed).
'N/A: not applicable.

Results

Inferential Statistics

We first used the ordered logit regression model to investigate
the effects on each dependent variable (Table 3). We then used

https://medinform.jmir.org/2025/1/€75246
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an ordered probit regression model to assess the robustness of
our estimations (Multimedia Appendix 2).
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Table 3. Estimated coefficients and SEs for al 3 dependent variables obtained from the ordered logit regression model. Effects of control variables
are excluded to conserve space. We used 11 different ordered logit regression models for our 11 different bundles of telemedicine tools: T1T2, T1T3,
TAT4, T2T3, T2T4, T3T4, TIT2T3, T1T2T4, T1T3T4, T2T3T4, and T1T2T3T4.

Variables Physicians satisfaction ~ Physicians evaluation of ~ Patients’ visit percentage
health care quality

SumT?
Coefficient (SE) 0.32 (0.06) 0.36 (0.06) 0.26 (0.06)
P vaue <.001 <.001 <.001

T1P
Coefficient (SE) 0.24 (0.10) 0.36 (0.11) 0.38(0.12)
P vaue .02 .007 A3

T2¢
Coefficient (SE) 0.29 (0.10) 0.38 (0.10) 0.14 (0.12)
P vaue .004 <.001 .001

T3
Coefficient (SE) 0.31(0.10) 0.27 (0.12) 0.29 (0.11)
P value .003 .001 .25

T4
Coefficient (SE) 0.52 (0.11) 0.39 (0.12) 0.22(0.12)
P value <.001 25 83

T1T2'
Coefficient (SE) 0.329 (0.10) 0.469 (0.10) 0.31" (0.10)
P value .001 <.001 003

T1T3
Coefficient (SE) 0.31" (0.12) 0.29" (0.12) 0.32" (0.12)
P vaue .004 .008 .004

TiT4
Coefficient (SE) 0.44" (0.12) 031" (0.12) 0.19 (0.13)
P vaue <.001 .01 13

T2T3
Coefficient (SE) 0.27"(0.12) 0.34" (0.12) 0.329 (0.13)
P value 02 .006 01

T2T4
Cofficient (SE) 0579 (0.14) 0,589 (0.14) 0.01 (0.15)
P value <.001 <.001 94

T3T4
Coefficient (SE) 051" (0.17) 0.31(0.17) 0.379 (0.18)
P value .003 07 04

T1T2T3
Coefficient (SE) 0.359 (0.13) 0.399 (0.13) 0.419 (0.13)
P value 007 003 002

T1T2T4

https://medinform.jmir.org/2025/1/€75246 JMIR Med Inform 2025 | vol. 13| 75246 | p. 10

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS

Liu & Sengupta

Variables Physicians satisfaction ~ Physicians evaluation of ~ Patients’ visit percentage
health care quality
Coefficient (SE) 0.609 (0.15) 0.569 (0.15) 0.07 (0.16)
P value <.001 <.001 .65
T1T3T4
Coefficient (SE) 051" (0.18) 0.33"(0.18) 0.459 (0.19)
P vaue .005 .07 .01
T2T3T4
Coefficient (SE) 0.59% (0.23) 0.43 (0.23) 0.37 (0.24)
P vaue .01 .06 12
TIT2T3T4
Coefficient (SE) 0.579 (0.24) 0.46 (0.24) 0.489 (0.25)
P vaue .02 .06 .05
Number of observations 1614 1617 1558

8SumT: total number of telemedicine tools each physician used.
oT1: tel ephone audio.
“T2: videoconference software with audio (eg, Zoom, Ibex, FaceTime).

d473; telemedicine platforms not integrated with electronic health records (eg, Doxy. me).
©T3: telemedicine platforms integrated with electronic health records (eg, updating clinical documentation during a telemedicine visit).
friT2; physicians who use T1 and T2 simultaneously (the following variables are expressed in the same way asthis).

9The coefficients for the telemedicine bundles are larger than those for theindividual telemedicinetools, and the associations are statistically significant,
suggesting that telemedicine tools function complementarily when used as bundles.

P The coefficients for the telemedicine bundles are smaller than those for theindividual telemedici netools, and the associations are statistically significant,
suggesting that these bundles function as competing rather than complementary tools.

"The number of observations varies because each dependent variable, independent variable, and control variable is measured independently and may

contain some null or missing values.

We identify the complementary versus competing effects of
telemedicine tool bundles based on the relative magnitude of
their estimated coefficients in the ordered logit and ordered
probit regression models, where the dependent variables are
physicians satisfaction, physicians evaluation of health care
quality, and patients' visit percentage. When the coefficients
for the telemedicine bundles exceed those for the individual
telemedicine tools, the statistically significant associations
suggest that the tools function complementarily when used in
combination. For example, regarding the results of the ordered
logit regression model, the coefficient of the T1T2 bundle
(B=.32; P=.001) is higher than that of T1 (B=.24; P=.02) and
T2 (B=.29; P=.004), indicating a complementary effect for this
bundle (T1T2) in enhancing physicians satisfaction.

https://medinform.jmir.org/2025/1/€75246
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Conversely, a bundle is considered competing when its
coefficient issignificant but lower in value than the coefficients
of any of the individual telemedicine tool, suggesting potential
competition among tools. For example, the coefficient of the
T1T3 bundle (3=.305; P=.004) is higher than the coefficient of
T1 (B=.24; P=.02) but lower than that of T3 (3=.311; P=.003),
suggesting acompeting rel ationship between these technol ogies.

We also calculated margina effects at the mean for each
outcomelevel of the dependent variablesto interpret our results
meaningfully. Table 4 reportsthe margina effects on physicians
satisfaction levels, Table 5 reports the margina effects on
physicians quality-of-health care eval uation, and Table 6 reports
the marginal effects on the percentage of patients visiting via
telemedicine.
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Table 4. Marginal effects at the mean and corresponding SEs for physicians satisfaction estimated from the ordered logit regression model. Effects
of control variables are excluded to conserve space.

Variables Very dissatisfied Somewhat dissatiss  Neither satisfiednor  Somewhat satisfied  Very satisfied
fied dissatisfied
sumT?
Coefficient (SE) -0.02 (0.00) -0.03(0.01) -0.02 (0.00) 0.02 (0.00) 0.04 (0.01)
P vaue <.001 <.001 <.001 <.001 <.001
T1P
Coefficient (SE) -0.01 (0.01) -0.02 (0.01) -0.01 (0.01) 0.02 (0.01) 0.03 (0.01)
P value .02 .02 .02 .02 .02
T2C
Coefficient (SE) -0.02 (0.01) -0.03(0.01) -0.01 (0.01) 0.02 (0.01) 0.04 (0.01)
P vaue .005 .004 .004 .006 .004
T3¢
Coefficient (SE) -0.02 (0.01) -0.03(0.01) -0.02 (0.01) 0.02 (0.01) 0.04 (0.01)
P vaue .003 .003 .003 .004 .003
T4°
Cofficient (SE) -0.03 (0.01) -0.05 (0.10) -0.03 (0.01) 0.03 (0.01) 0.07 (0.02)
P value <.001 <.001 <.001 <.001 <.001
T172f
Coefficient (SE) -0.02(0.01) -0.03(0.01) -0.02(0.01) 0.02 (0.01) 0.04 (0.01)
P vaue .001 .001 .001 .002 .001
T1T3
Coefficient (SE) -0.02 (0.01) -0.03(0.01) -0.02 (0.01) 0.02 (0.01) 0.04 (0.01)
P value .005 .004 .005 .006 .004
TiT4
Coefficient (SE) -0.025 (0.007) -0.038 (0.011) -0.021 (0.006) 0.027 (0.008) 0.058 (0.016)
P vaue <.001 <.001 <.001 0.001 <.001
T2T3
Coefficient (SE) -0.03 (0.01) -0.04 (0.01) -0.02 (0.01) 0.03 (0.01) 0.06 (0.02)
P value .03 .02 .03 .03 .02
T2T4
Coefficient (SE) -0.03(0.01) -0.05 (0.01) -0.03(0.01) 0.03 (0.01) 0.08 (0.02)
P vaue <.001 <.001 <.001 <.001 <.001
T3T4
Coefficient (SE) -0.03 (0.01) -0.05 (0.02) -0.03 (0.01) 0.03 (0.01) 0.07 (0.02)
P value .004 .003 .003 .003 .003
Ti1T2T3
Coefficient (SE) -0.02(0.01) -0.03(0.01) -0.02(0.01) 0.02 (0.01) 0.05 (0.02)
P vaue .009 .008 .008 .009 .007
TiT2T4
Coefficient (SE) -0.03 (0.01) -0.05 (0.01) -0.03 (0.01) 0.04 (0.01) 0.08 (0.02)
P value <.001 <.001 <.001 <.001 <.001
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Variables Very dissatisfied Somewhat dissatis-  Neither satisfied nor  Somewhat satisfied  Very satisfied
fied dissatisfied
T1T3T4
Coefficient (SE) -0.03 (0.01) -0.05 (0.02) -0.03 (0.01) 0.03 (0.01) 0.07 (0.02)
P value .006 .006 .005 .007 .005
T2T3T4
Coefficient (SE) 0.03 (0.01) -0.05 (0.02) -0.03(0.01) 0.04 (0.02) 0.08 (0.03)
P vaue .01 .01 .01 .01 .01
TIT2T3T4
Coefficient (SE) -0.03 (0.01) -0.05 (0.02) -0.03 (0.01) 0.04 (0.02) 0.08 (0.03)
P vaue .02 .02 .02 .02 .02

8SumT: total number of telemedicine tools each physician used.

bT1: tel ephone audio.

®T2: videoconference software with audio (eg, Zoom, Ibex, FaceTime).
473: telemedicine platforms not integrated with electronic health records (eg, Doxy. me).
T4: telemedicine platforms integrated with electronic health records (eg, updating clinical documentation during a telemedicine visit).
friT2; physicians who use T1 and T2 simultaneously—binary variable (the following variables are expressed in the same way as this).
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Table 5. Marginal effects at the mean and corresponding SEs for physicians' evaluation of health care service quality viatelemedicine estimated from
the ordered logit regression model. Effects of control variables are excluded to conserve space.

Variables Not at all To asmall extent To some extent To agreat extent Fully
SumT?
Coefficient (SE) -0.01 (0.00) -0.04 (0.01) -0.01 (0.00) 0.05 (0.01) 0.01 (0.00)
P value <.001 <.001 <.001 <.001 <.001
T1P
Coefficient (SE) -0.01 (0.00) -0.04(0.01) -0.01 (0.00) 0.05 (0.02) 0.01 (0.00)
P vaue .010 .008 .012 .007 .011
T2°
Coefficient (SE) -0.01 (0.00) -0.04 (0.01) -0.01 (0.00) 0.06 (0.02) 0.01 (0.00)
P value <.001 <.001 .001 <.001 <.001
T3¢
Coefficient (SE) -0.01 (0.00) -0.03(0.01) -0.01 (0.00) 0.04 (0.02) 0.01 (0.00)
P vaue .001 .001 .002 .001 .002
T4
Coefficient (SE) -0.01 (0.00) -0.04 (0.01) —0.01 (0.00) 0.06 (0.02) 0.01 (0.00
P vaue .25 .25 .25 24 .25
T172f
Coefficient (SE) -0.02 (0.00) -0.05 (0.01) -0.02 (0.00) 0.07 (0.01) 0.02 (0.00)
P value <.001 <.001 <.001 <.001 <.001
T1T3
Coefficient (SE) -0.01 (0.00) -0.03 (0.01) -0.01 (0.00) 0.04 (0.02) 0.01 (0.00)
P vaue .01 .008 .01 .008 .01
TiT4
Coefficient (SE) -0.01 (0.00) -0.03(0.01) -0.01 (0.01) 0.05 (0.02) 0.01 (0.00)
P value .01 .01 .01 .01 .01
T2T3
Coefficient (SE) -0.01 (0.00) —0.04 (0.01) -0.01 (0.01) 0.05 (0.02) 0.01 (0.00)
P vaue .009 .007 .01 .006 .01
T2T4
Coefficient (SE) -0.02 (0.01) -0.06 (0.02) -0.02 (0.01) 0.09 (0.02) 0.02 (0.01)
P value <.001 <.001 <.001 <.001 <.001
T3T4
Coefficient (SE) -0.01 (0.01) -0.03 (0.02) -0.01 (0.07) 0.05 (0.03) 0.01 (0.02)
P vaue .08 .07 .08 .07 .08
T1T2T3
Coefficient (SE) -0.01 (0.01) -0.04 (0.01) -0.01 (0.01) 0.06 (0.02) 0.01 (0.00)
P value .005 .003 .006 .003 .005
Ti1T2T4
Coefficient (SE) -0.02 (0.01) —0.06 (0.02) -0.02 (0.01) 0.08 (0.02) 0.02 (0.01)
P vaue .001 <.001 .001 <.001 .001
T1T3T4
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Variables Not at all To asmall extent To some extent To agreat extent Fully
Coefficient (SE) -0.01 (0.01) -0.04(0.02) -0.01 (0.01) 0.04 (0.03) 0.01 (0.01)
P vaue .08 .07 .08 .07 .08
T2T3T4
Coefficient (SE) -0.02 (0.01) -0.05 (0.03) -0.02 (0.01) 0.06 (0.03) 0.01(0.01)
P vaue .07 .06 .07 .06 .07
TIT2T3T4
Coefficient (SE) -0.02 (0.01) -0.05 (0.03) -0.02 (0.01) 0.07 (0.04) 0.02 (0.01)
P value .06 .06 .06 .06 .06

8SumT: total number of telemedicine tools each physician used.

bT1: tel ephone audio.

®T2: videoconference software with audio (eg, Zoom, Ibex, FaceTime).
473: telemedicine platforms not integrated with electronic health records (eg, Doxy. me).
T4: telemedicine platforms integrated with electronic health records (eg, updating clinical documentation during a telemedicine visit).
friT2; physicians who use T1 and T2 simultaneously—binary variable (the following variables are expressed in the same way as this).
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Table 6. Margina effects at the mean and corresponding SEs for the proportion of patients' visits conducted via telemedicine estimated from the
ordered logit regression model. Effects of control variables are excluded to conserve space.

Variables None <25% 25%-49% 50%-74% >75%
SumT?
Coefficient (SE) -0.00 (0.00) -0.06 (0.01) 0.03 (0.01) 0.02 (0.00) 0.02 (0.00)
P value .002 <.001 <.001 <.001 <.001
T1P
Coefficient (SE) -0.01 (0.00) -0.08 (0.02) 0.04 (0.01) 0.02 (0.01) 0.03 (0.01)
P value .16 A3 A3 A3 14
T2°
Coefficient (SE) -0.00 (0.00) -0.03 (0.02) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01)
P value .009 .001 .001 .002 .002
T3¢
Coefficient (SE) -0.00 (0.00) -0.06 (0.02) 0.03 (0.01) 0.02 (0.01) 0.02 (0.01)
P value .26 .25 .25 .25 .25
T4
Coefficient (SE) —0.00 (0.00) -0.05 (0.03) 0.02 (0.01) 0.01 (0.01) 0.01 (0.01)
P vaue .83 .83 .83 .83 .83
T172f
Coefficient (SE) -0.00 (0.00) -0.06 (0.02) 0.03 (0.01) 0.02 (0.01) 0.02 (0.01)
P value .02 .003 .003 .004 .004
T1T3
Coefficient (SE) —0.00 (0.00) -0.07 (0.02) 0.03 (0.01) 0.02 (0.01) 0.02 (0.01)
P vaue .02 .004 .004 .005 .005
TiT4
Coefficient (SE) -0.00 (0.00) -0.04 (0.03) 0.02 (0.01) 0.01 (0.01) 0.01 (0.01)
P value 15 A3 13 A3 a3
T2T3
Coefficient (SE) —0.00 (0.00) -0.07 (0.03) 0.03 (0.01) 0.02 (0.01) 0.02 (0.01)
P vaue .03 .01 .01 .01 .01
T2T4
Coefficient (SE) -0.00 (0.00) -0.00 (0.03) 0.00 (0.02) 0.00 (0.01) 0.00 (0.01)
P value .94 .94 .94 .94 .94
T3T4
Coefficient (SE) —0.00 (0.00) -0.08 (0.04) 0.04 (0.02) 0.02 (0.01) 0.03 (0.01)
P value .06 .04 .04 .04 .04
T1T2T3
Coefficient (SE) -0.00 (0.00) -0.09 (0.03) 0.04 (0.01) 0.02 (0.01) 0.03 (0.01
P value .01 .002 .002 .002 .003
Ti1T2T4
Coefficient (SE) —0.00 (0.00) -0.02 (0.03) -0.02 (0.03) 0.00 (0.01) 0.01 (0.01)
P vaue .66 .65 .65 .65 .65
T1T3T4
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Variables None <25% 25%-49% 50%-74% >75%
Cofficient (SE) ~0.01 (0.00) -0.10 (0.04) 0.04 (0.02) 0.03 (0.01) 0.03 (0.01)
P value 03 01 02 02 02
T2T3T4
Cofficient (SE) -0.01 (0.00) -0.08 (0.05) 0.04 (0.02) 0.02 (0.01) 0.03(0.02)
Pvalue 14 12 12 12 12
T1T2T3T4
Cofficient (SE) ~0.01 (0.00) -0.10 (0.05) 0.05 (0.02) 0.03 (0.01) 0.03 (0.02)
P value 07 .05 .05 .05 .05

83umT: total number of telemedicine tools each physician used.
bT1: tel ephone audio.

®T2: videoconference software with audio (eg, Zoom, Ibex, and FaceTime).

473: telemedicine platforms not integrated with electronic health records (eg, Doxy. me).
T4: telemedicine platforms integrated with electronic health records (eg, updating clinical documentation during a telemedicine visit).
friT2; physicians who use T1 and T2 simultaneously—binary variable (the following variables are expressed in the same way as this).

According to the resultsin Table 4, parameter estimates for the
aggregate model (equation 1) suggest that the summative
telemedicine tools have a significant positive relationship with
physicians’ satisfaction levels. To be precise, aunit increasein
telemedicine tools is associated with approximately 1.8, 2.8,
and 1.4 percentage point decreases in the predicted probability
of physicians being at the “very dissatisfied,” “somewhat
dissatisfied,” and “neither satisfied nor dissatisfied” level of
satisfaction. However, a unit increase in telemedicine tools is
associated with a 1.9 percentage point increase in the predicted
probability of physicians being “somewhat satisfied” and a4.2
percentage point increase in the predicted probability of
physicians being “very satisfied,” respectively.

According to Table 5, the summative telemedicine tools also
showed a significant positive association with physicians
evaluation of telemedicine service quality. Theresultsin Table
5 suggest that aunit increasein telemedicinetoolsis associated
with a decrease of 1.2, 3.9, and 1.2 percentage points in the
predicted probability for physicians' evaluation of telemedicine
service quality to be at the level of “not at al,” “to a small
extent,” and “some extent.” Contrary to that, a unit increasein
telemedicine toolsis associated with an increase of 5.2 and 1.2
percentage points in the predicted probability for physicians
evaluation of health care to be at the level of “to a great extent
and fully.”

The results in Table 6 indicate that a unit increase in
telemedicine tools is associated with a decrease of 0.3 and 5.5
percentage pointsin the predicted probability that the percentage
of patientsvisiting viatelemedicinewill be at theleve of “none’
or “<25%.” In contrast, a unit increase in telemedicine toolsis
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associated with increases of 2.5, 1.5, and 1.8 percentage points
in the predicted probability for this dependent variable to be
“25%-49%,” “50%-74%,” and “=>75%," respectively.

Parameter estimates for the disaggregate model (equation 2)
suggest that each individual telemedicine tool has a significant
positive relationship with physicians satisfaction level and
physicians’ quality of health care evaluation (Tables 4 and 5).
However, while T1 and T3 showed a significant positive
association with the percentage of patients visiting via
telemedicine, T2 and T4 showed no such relationship (Table
6).

Regarding the parameter estimates for al the different
telemedicine tools combination models (equation 3), we found
that each combination of telemedicinetools sharesasignificant
positive association with the physician’s satisfaction level (Table
4). However, the combinations of T3T4, T1T3T4, and T2T3T4
do not share any significant association with physicians
quality-of-health care evaluation (Table 5). Additionally, the
combination of T1T4, T2T4, T1T2T4, and T2T3T4 also does
not share any significant association with the percentage of
patients' visits viatelemedicine (Table 6).

Additional Tests

We aso considered the possibility of a moderating effect of
patient visits viatelemedicine tools, given the time period during
which the datawere collected (the pandemic era). Thissituation
may have been caused by patients' limited access to in-person
care rather than the bundle of technologies that the physician
was using. To test this possibility, we conducted an additional
analysis. According to Table 7, the results indicate that the
moderator yielded no statistically significant interaction effects.
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Table7. Additional testsfor examining the moderating effect of patient visits performed viatelemedicine based on the ordered logit and ordered probit
regression models. Effects of control variables are excluded to conserve space.

Variables Physicians' satisfaction Physicians' evaluation of health care quality

sumT? x Telemedpct?

Coefficient (SE) -0.03 (0.06) -0.02 (0.04) —0.06 (0.06) -0.03 (0.03)
P value .68 .64 .36 .38

T1° Telemedpct
Coefficient (SE) -0.06 (0.12) -0.03 (0.07) -0.01(0.12) -0.00 (0.07)
P value .995 97 .39 AT

T2%% Tel emedpct
Coefficient (SE) -0.15(0.11) -0.08 (0.06) 0.00 (0.12) -0.00 (0.06)
P value 31 .25 72 .66

T3% Telemedpct
Coefficient (SE) 0.06 (0.11) 0.01 (0.06) -0.06 (0.11) -0.03 (0.06)
P value .65 77 .90 .80

T4'x Telemedpct

Coefficient (SE) 0.08 (0.12) 0.06 (0.07) -0.12 (0.12) -0.05 (0.07)
P vaue .69 a7 .37 .38
T1T29% Telemedpct
Coefficient (SE) -0.10(0.11) -0.05 (0.06) -0.02(0.11) -0.02 (0.06)
P value .36 45 .84 77
T1T 3 x Telemedpct
Coefficient (SE) -0.05 (0.11) -0.04 (0.07) -0.07 (0.11) -0.04 (0.07)
P vaue .65 .52 .52 .59
T1T4 x Telemedpct
Coefficient (SE) -0.01(0.13) 0.01 (0.08) -0.12(0.13) -0.05 (0.08)
P value .92 .93 .38 51
T2T3 x Telemedpct
Coefficient (SE) -0.01(0.12) -0.02 (0.07) -0.00 (0.12) -0.01 (0.07)
P vaue .96 75 .98 .94
T2T4 x Telemedpct
Coefficient (SE) 0.05 (0.16) 0.04 (0.09) -0.07 (0.16) -0.02 (0.09)
P value .75 .66 .64 .80
T3T4 x Telemedpct
Coefficient (SE) 0.22 (0.18) 0.13(0.10) -0.10(0.17) -0.05 (0.10)
P vaue .23 21 .50 .63
T1T2T3 x Telemedpct
Coefficient (SE) 0.00 (0.13) -0.01 (0.08) 0.01(0.13) 0.00 (0.08)
P value .99 91 .96 .99
T1T2T4 x Telemedpct
Coefficient (SE) 0.03(0.17) 0.03(0.10) -0.11 (0.16) -0.05 (0.09)
P vaue .88 .78 .50 .62
T1T3T4 x Telemedpct
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Variables Physicians' satisfaction Physicians' evaluation of health care quality
Coefficient (SE) 0.03 (0.19) 0.01 (0.11) -0.13(0.19) -0.07 (0.11)
P value .88 .90 49 .53

T2T3T4 x Telemedpct
Coefficient (SE) 0.08 (0.08) 0.21(0.15) -0.04(0.23) -0.03(0.13)
P vaue A7 .16 .85 .85

T1T2T3T4 x Telemedpct
Coefficient (SE) 0.36 (0.26) 0.21 (0.15) -0.08 (0.24) -0.04 (0.14)
P vaue .16 .16 74 75

Number of observations” 1548 1548 1551 1551

3SumT: total number of telemedicine tools each physician used.

bre emedpct: percentage of patient visits viatelemedicine.

°T1: telephone audio.

72 videoconference software with audio (eg, Zoom, Ibex, and FaceTime).

©T3: telemedicine platforms not integrated with electronic health records (eg, Doxy. me).

"T4: telemedicine platforms integrated with electronic health records (eg, updating clinical documentation during a telemedicine visit).

9T1T2: physicians who use T1 and T2 simultaneously (the following variables are expressed in the same way asthis).

P The number of observations varies because each dependent variable, independent variable, and control variable is measured independently and may

contain some null or missing values.

Discussion

Principal Results

Our study addressesthe complementary versus competing nature
of telemedicine tools. Our empirica analysis reveals that
although both individual and combined uses of telemedicine
tools positively affect physicians' satisfaction, quality of health
care evaluation, and the percentage of patients visits via
telemedicine, various telemedicine tools compete rather than
complement each other. Our study suggeststhat the rel ationships
among telemedicine tools are not always positive; instead, their
combined use can produce either complementary or competing
effects, depending on how their functionalities interact within
the context of physicians' clinical workflows.

Interpretation of Findings

For physicians, we found that various combinations of
telemedicine tools significantly influence their overall
satisfaction and partially affect their evaluation of health care
quality. Thesefindings are consistent with prior studiesreporting
generaly high physician satisfaction and perceived usefulness
of telemedicine [49,50], as well as comparable quality of care
between telemedicine and in-person consultations [51].
However, these earlier studies did not examine how different
combinations of telemedicine tools shape physicians
sati sfaction and quality-of-care assessments. Our study extends
thisunderstanding by highlighting how the complementary use
of telemedicinetools caninfluence these outcomes. Our findings
suggest that satisfaction and the perceived quality of care are
influenced by the coherence of the technology stack, with
videoconferencing software (T2) acting as a powerful core.
Bundles that include T2 create a complementary effect by
providing arich, high-fidelity communication channel essential
for clinical assessment. The ability to observe visua cues and

https://medinform.jmir.org/2025/1/€75246

nonverbal information isfundamental to accurate diagnosis and
building effective communication between physicians and
patients. Notably, the combination of T2 with an integrated
EHR (T4) represents the ideal modern workflow, creating an
efficient interaction environment where the physician can focus
on the patient through a high-quality video interface while the
EHR seamlessly handles documentation. Even a simpler T2
and T1 (telephone) bundle is complementary, as the telephone
serves as a reliable backup that reduces physician worry about
technical failures and connectivity disruptions.

Conversely, bundles|acking video-based technol ogical support
generate acompeting effect, characterized by cognitive overload
and workflow fragmentation. Combinations such as T1 with
platform T3 or T4 force physicians to split their attention
between a low-fidelity audio call and a separate, complex
software interface. Furthermore, the combination of 2 different
platforms (T3 + T4) exemplifies competing technologies and
cognitive overload, leading to technological redundancy,
confusion, and a fragmented patient management process that
detracts from the physician’s core responsibilities [52-54].

From the perspective of M ST, these findings can beinterpreted
in terms of differences in media capabilities and process
alignment. Videoconferencing (T2) provides high levels of
immediacy of feedback, variety of symbols, and transmission
velocity, enabling physicians to convey and interpret complex
medical information effectively. When such rich media are
integrated with complementary systems (like EHRS), they
enhance conveyance and convergence processes. Thus, both
information exchange and shared understanding result in higher
satisfaction and perceived quality. In contrast, bundlesthat rely
on low-synchronicity tools (eg, telephone or nonintegrated
platforms) fail to support these communication processes,
increasing the cognitive effort required to maintain clinical
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coherence and reducing the perceived effectiveness of
telemedicine-oriented patient visits.

Additionally, the combination of T3 (nonintegrated telemedicine
platforms) and T4 (EHR-integrated telemedicine platforms)
exhibits acompeting effect on physicians' satisfaction and does
not significantly improve care quality, which may be due to
their underlying system architecture. T3 platforms, such as
Doxy.me, operate independently from the EHR system and
function primarily as stand-alone communication tools. In
contrast, T4 tools are embedded within the EHR environment,
supporting real-time documentation and patient data access
during telemedicine consultations. When these tools are used
in combination, asin T3T4 or T1T3T4, physiciansare required
to switch between 2 unconnected noncompatible systems, which
disrupts workflow and necessitates repeated actions such as
reentering patient information or clinical notes [52-54]. This
lack of interoperability increases the administrative and
information searching burden and undermines efficiency.

In contrast to physicians satisfaction and quality evaluation
outcomes, physiciansreport ahigher percentage of patient visits
viatelemedicine when the technological configuration isbroader
and moreinclusive, incorporating multiple platforms (eg, T2T3,
T3T4, T1T2T3T4). These complementary effects arise because
more comprehensive bundles enable physicians to engage in a
broader range of patient types and clinical scenarios through
various modalities. For example, combining video (T2) and
telemedicine platforms (T3 or T4) allows clinicians to conduct
both structured and flexible consultations, manage follow-ups,
and accommodate patients with differing technical capacities
or conditions. From a physician’s standpoint, such diversity
enhances operational flexibility and reducesbarriersto providing
telemedicine services, thus naturally increasing the proportion
of visits conducted remotely.

However, simpler 2-tool bundles (eg, T1T2 and T1T3) show a
competing effect on the percentage of patient visits via
telemedicine. There might be 2 reasons|eading to this competing
effect. From the physicians perspective, while these
configurations are easy to operate, they lack the integration
required to sustain a consistent telemedicine workflow across
different patient groups. A telephone-plus-video, or
telephone-plus-stand-al one-platform setup without an integrated
EHR may befunctional for ad hoc consultations but insufficient
for record-keeping or health care information exchange. From
the patients' perspective, they may not perceive much difference
between an in-person visit and interacting with physiciansonly
viatelephone or videoconference. Consequently, many patients
may still prefer face-to-face consultations, as they feel more
direct and personal.

Interestingly, combinations that include EHR-integrated tools
(T4), such as T1T4, T2T4, T1T2T4, or T2T3T4, do not
significantly impact the percentage of patient visits via
telemedicine. We believe there are 2 main reasons for this
outcome. First, physicians must complete patients' electronic
records while simultaneously communicating with patients via
video or phone, which makes each consultation more
time-consuming [55]. As a result, the total number of
telemedicine visits that can be completed in a day decreases.
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Second, the log-in and verification procedures add complexity
to the communi cation process between physicians and patients,
leading physicians to prefer phone consultations (audio call or
FaceTime call) for many simple cases. Consequently, the
combination of T4 with other tools shows no statistically
significant impact on the overall percentage of telemedicine
visits.

We also conducted an additional test to investigate the potential
moderating role of patient visits viatelemedicine tools, as data
collected during the pandemic period may reflect patients
limited choices rather than the effect of physicians’ technology
bundles. However, our results do not support this moderation
effect. We believethere are 2 main reasons for this. First, based
on prior studies (eg, Moulaei et a [48], Reed et a [40], and
Tzeng et a. [56]), patient visits via telemedicine tools are
consistently conceptualized as an outcome shaped by
demographic, contextual, and technological factors. Second,
theoretically, drawing on MST [43], we believe that patient
telehealth usage reflects mediatask fit and can be better
understood as a behavioral outcome. To ensure theoretical and
empirical coherence, wethereforetreat the percentage of patient
visits via telemedicine tools as one of our dependent variables.

Limitations and Future Directions

Onelimitation of thisstudy isthe use of a self-reported measure
to capture physicians perceived quality of care, which
introduces potential bias due to self-reporting. Although the
survey item aimed to minimize this bias by prompting a direct
comparison between telemedicine visits and in-person visits,
the subjective nature of the measure limits the objectivity of
our findings. Future research should apply objective clinical
performance indicators or third-party assessments to validate
physicians evaluations.

Another limitation of this study is that the telemedicine tool
usage variable does not capture the frequency or intensity of
use for each tool. Thus, our study cannot determine whether
physicians’ satisfaction primarily comes from onetool or from
a combination of tools. Our analysis, therefore, treats tool
combinations as reported usage bundles. Future research should
incorporate more data on usage frequency, duration, or physician
preference to capture the priority of individual telemedicine
tools. This would enable researchers to investigate the effects
of specific technol ogies within multitool combinationsand gain
a deeper understanding of how different tools contribute to
physicians’ satisfaction.

Due to data limitations, our study cannot thoroughly test the
possibility of endogenous variables. Although we have
attempted to identify any possible source of missing variable
bias theoretically, we have not been successful in doing so.
Future research should investigate such possibilities by
identifying a suitable instrumental variable. Our empirical
analysis used data from the national survey conducted by the
NCHS at the CDC [16-19], which notably excludes severa
specialties,  specificaly  radiology, pathology, and
anesthesiol ogy. Consequently, the applicability of our findings
to these clinical contextsislimited. This exclusion stems from
the inherently procedural and in-person nature of these fields
(eg, anesthesia administration and diagnostic imaging), which
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may restrict the deployment of current telemedicine tools. We  Conclusions
consider thisdatalimitation as one of the key limitations of our
research. Future research should incorporate these specialties
to fully assessthe generalizability of telemedicine usage across
the broader clinical spectrum.

Our study contributes to practice that enhances understanding
of how telemedicinetools can be effectively used in health care,
particularly in postpandemic scenarios. Each tool offersunique
advantages, so using the right tool for the right situation is not
Last, this study focuses exclusively on the perspectives of just a choice, but a crucial decision that can significantly
ambulatory care physicians, which limits the ability to assess improve both physician satisfaction and patient engagement in
how tool combinations affect patient-centered outcomes or  telemedicine. This insight provides clear recommendations to
patient satisfaction. Future research should collect providersand platform developers, emphasizing the key to the
patient-centered data to build a more comprehensive success of telemedicine implementation—creating a seamless
understanding of the effectiveness and acceptance of experience for physicians. Such asystem needs to be designed
telemedicine tools from the patient’s perspective. in a manner that ensures the complementary behavior of
different tools based on physicians' specific demands,
highlighting the complexity of various clinica and
communicative tasks.
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