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Abstract

Background: The provision of medical services by Medical Teams (MT) on Online Healthcare Communities (OHCs)
is a novel method employed by geographically-dispersed healthcare professionals to serve one patient
simultaneously, allowing patients to receive more specific, targeted and comprehensive advice. As a relatively
new method of service delivery, little attention has been paid to identifying the determinants of Team-based
Service Demands (TSD). Based on Upper Echelons Theory and Social Exchange Theory, this study examines
the impact of both professional capital (status capital and decisional capital) and team heterogeneity (team
size and dispersion) on TSD.

Methods: This study uses data collected from 890 MTs, employing 3994 team members, operating on haodf.
com, a Chinese OHC, to examine effects of both leader and team characteristics on TSD.

Results: Our findings suggest that a MT’s characteristics have a significant impact on TSD. Firstly, the
decisional capital of both leaders and teams were positively related with TSD, while only the status capital of
leaders saw a positive impact. Secondly, team heterogeneity influenced TSD in two ways: (1) provided a
direct negative impact and (2) positively moderated the relationship between professional capital and TSD.

Conclusion: This paper comprehensively studies the impact of TSD from the perspectives of professional
capital and team heterogeneity, expanding current theoretical understanding of team heterogeneity and
social capital in OHCs. Further, it provides practical suggestions for platform development and team leaders
managing MTs in online environments.

Keywords: Online healthcare communities, Online medical teams, Team-based service demands, Professional
capital, Team heterogeneity

Background
The continued growth in web-mediated communication
and collaboration has created considerable interest in
online virtual teams [1], without exception in the health-
care industry. Over the past two decades, healthcare
providers have been encouraged to collaborate more fre-
quently with individuals and teams outside of their de-
partmental boundaries, with the aim of improving
healthcare provision worldwide [2], and satisfying the

varying demands of citizens. Since 2017, medical teams
have emerged in China on OHCs, such as Haodf.com
(https://www.haodf.com/) and Guahao.com (https://
www.guahao.com/).
MTs are traditionally composed of a Founder (called a

leading specialist), and other medical professional mem-
bers, such as doctors and consultants, who operate in
different departments, hospitals, or regions around the
world. By collaboratively serving patients online, the key
stakeholders of MTs, including doctors and patients, re-
ceive numerous benefits. Firstly, team-based service
provision provides an opportunity for members to be-
come better known by others, extending the professional
network of MT members. Secondly, by collaborating
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with doctors from other departments, hospitals or re-
gions, strong social bonds can be established, enabling
the exchange of personal experiences and lessons learnt
during co-discussion [3]. Third, MTs are able to improve
patients’ trust and decrease information asymmetry, as
advice received from more than one doctor can reduce
patients’ uncerntainty of e.g. diagnosis or advice pro-
vided [4, 5]. In summary, team-based service provision
enables more informed decisions to be made by doctors,
through consultation with other professionals world-
wide, and a reduction in patient uncertainty during diag-
nosis and recovery.
Before the emergence of MTs, medical consultation

was delivered as a one-to-one service with physicians,
resulting in extended wait times to receive e.g. medical
results, which were often bias, due to only receiving ad-
vice or diagnosis from one doctor. Presently, patients
still lack effective channels for accessing medical services
from multiple doctors simultaneously, with existing ser-
vice providers on OHCs experiencing numerous chal-
lenges, including: (1) doctors being engaged with many
patients at the same time; it is often difficult for doctors
to balance their workload between online and offline
service delivery, and (2) some doctors on OHCs receive
less patients due to being considered too young, having
a perceived insufficient background or for other reasons.
Given the imbalance and polarization in online medical
services, it is necessary that hospitals allocate doctors
and their time reasonably. On the other hand, citizen de-
mands for high-quality healthcare and increasing trust
issues between doctors and patients put pressure on
traditional medical service delivery [6, 7]. Due to the
powerful synthesized capital of team members, online
MTs have the potential to provide services with higher
quality for patients [8], while mitigating pressure, as well
as sharing the work of doctors on OHCs. As a means for
improving healthcare services online, MTs have drawn
intense attention of the industry [9].
Existing studies have examined the determinants of

one-to-one service demands on OHCs, as well as the
service demands of medical teams, provided offline and
via virtual channels in other fields [10–12]. Prior re-
search has provided a theoretical foundation relating to
the impact factors of team outcomes. First, professional
capital is generally divided into two dimensions, status
capital and decisional capital, which have a significant
influence on team performance [13] and doctors’ returns
online, based on Social Exchange theory [14]. Second,
team heterogeneity, relating to member compositions,
affects performance directly and indirectly through
various interactions [15, 16]. However, most studies
have been conducted from the perspective of the
individual doctor and ignore the other factors (social
capital or team heterogeneity/diversity) in the team.

Thus, further investigation is required into how MTs,
as a new service delivery type, may attract more pa-
tients continuously.
Using data collected from a Chinese OHC, we empir-

ically investigate how MTs can be deployed with max-
imum performance, based on the Upper Echelons
Theory [16–18]. In light of the distinct characteristics of
medical teams online, we explore the impact of the pro-
fessional capital (status capital and decisional capital) of
both the leader and medical team, as well as team het-
erogeneity and its moderating mechanisms. Specifically,
this paper addresses the following key questions:

(1) How do the leader’s characteristics influence team
composition?

(2) How do the professional capital and team
heterogeneity of medical teams affect the TSD?

The rest of this paper is organized as follows. In Sec-
tion 2, we critically review relevant literature and related
theories. Then, hypotheses are presented in Section 3. In
Section 4, we describe the research context, data collec-
tion methods, and variable measurement. Finally, we
present and discuss our results, conclusions and implica-
tions for future research.

Literature review
Medical team strategy on OHCs and related theories
Collaboration among healthcare providers is proposed as
a strategy for improving healthcare provision worldwide.
Collaborative teams, operating offline, in healthcare sce-
narios, have become increasingly common in western
countries [19, 20], and this trend is now moving towards
the formation of online MTs [9]. Although there exists
difficulties in working virtually, compared with trad-
itional offline MTs [21–23], the emerging MTs on OHCs
are seen to have the potential to improve the healthcare
delivery due to the advantages mentioned above (specific
and comprehensive). Second, online MTs disturb the
traditional delivery method of ‘one-doctor-at-a-time’,
and can be considered as a “group medical visit” [24].
Further, MTs offer the benefit of collective intelligence
and the complementarity of time and knowledge or ex-
perience of other members, and provide team-based
medical services without delay [25, 26]. As a new means
of medical service provision, it is necessary to study
the influencing factors of team-based service de-
mands, which help promote its positive development
and employment.

The upper echelons theory
This theory has explained the correlations between team
outcomes and the background characteristics of teams,
especially in superior management teams [18]. It
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provides a comprehensive framework for interpreting
the effects of individuals and team attributes. The team
founder (also called leader) takes advantage of their pro-
fessional capital to build a team and attract patients who
choose the team-based medical services on OHCs. Once
a team is created, it has two characteristics: professional
capital of the team and team heterogeneity. According
to the Upper Echelons theory, the professional capital of a
team leader and team heterogeneity reflect the strengths
of the whole team, which could attract patient selection
through reducing information asymmetry and ultimately
contributing to team outcomes. To summarize, these
characteristics of the team leader and team would affect
the outcomes of most virtual teams [16, 27], however little
is known about this phenomenon with relation to virtual
teams operating in the healthcare industry.

Professional capital and related theories
Professional Capital is considered a valuable and often
rare type of ‘capital’ that is affiliated with social profes-
sionals, comprised of status and decisional dimensions
as two motivations for consumption behavior [14, 28].
First, status capital manifests the individual and social
advantage of professionals in society, which is always the
basis for patients’ choices. In general, doctors’ titles, or-
ganizations (i.e., hospitals) and regions are applied to
measure status capital in this paper. Second, decisional
capital emphasizes the doctor-patient relationship, which
mutually develops over a period of interactions [29],
reflecting patient loyalty to the doctor.

The social exchange theory
The Social Exchange Theory has been widely used to
understand exchanges on online communities [14]. Ac-
cordingly, interaction in MTs and between doctors and
patients is a professional capital exchange, which indi-
cates that teams with higher professional capital would
result in providing more coherent team-based services.
Obviously, it is mainly economic exchange between doc-
tors and patients in the MTs mode.
Social capital has been extensively used at various levels,

such as at an individual or collective level, involving com-
munities, organizations and entire countries [30]. In this
paper, capital is considered at both the individual and
team level. At the leader level, the person plays a key role
in the team and influence other members [31], so the pro-
fessional capital of the leader will be considered in this
paper. At the team level, Hongseok et al. demonstrated
that a team’s social capital is the configuration of mem-
bers’ social relationships and their structure [32], therefore
the synthesized status and decisional capital of team mem-
bers, and the decisional capital of the whole medical team
is emphasized in this paper. According to social exchange
theory, the professional capital of the leader and team

would be bound to exert significant influences on the con-
sumers’ choice.

Team heterogeneity and its impact on team outcomes
Team heterogeneity commonly reflects the distribu-
tion of team member demographic characteristics,
such as gender, age, functional experience, and tenure
[16], which is also a vital feature of online MTs.
Scholars have studied team heterogeneity from differ-
ent perspectives. Some identified significant relation-
ships between team heterogeneity (international
experience, level of education, functional experience
and tenure) and the outcomes of the team [15, 16],
while others have investigated the moderating role of
team heterogeneity [33, 34]. Thus, we explore the dir-
ect influence and moderating effects of team hetero-
geneity on team outcomes.
Based on the Upper Echelons Theory, team heterogen-

eity may influence team outcomes [33]. Prior research
has not shown consistent conclusions regarding the rela-
tionship between team heterogeneity and outcomes.
Some researchers have focused on the heterogeneity of
demographic characteristics (e.g., education level, gen-
der, age and experience of team members) and found
positive relationships between team heterogeneity and
team outcomes [35, 36]. However, different conclusions
have been identified by other researchers [37], including
one study which found that a team with high heterogen-
eity might increase contradiction and the cost of collab-
oration among members. With the emergence of MTs
on OHCs, research is needed to examine the influence
of team heterogeneity in the healthcare context.

Research model and hypotheses
In this paper, we seek to examine the impact of the char-
acteristics of both leaders and teams on the team-based
service demands (TSD). Patients can seek and choose a
MT on OHCs through either members’ homepages or
the team’s homepage. Then they can obtain the service
by scanning the Quick Response Code. Given secrecy
and security requirements on OHCs, only price, re-
sponse speed, and team composition is provided as avail-
able information to users. We extracted factors in this
study from previous literature that focused on the im-
pact of team heterogeneity on team performance in
other fields and using related theories, especially the So-
cial Exchange Theory, highlighting social or professional
capital. This allowed for the construction of a conceptual
model that comprises three main elements: (1) profes-
sional capital of team leader, (2) professional capital of
the team, and (3) team heterogeneity. Details of the pro-
posed model are shown in Fig. 1.
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Professional capital and TSD
We examine the influence of professional capital at both
the team and individual level, based on prior research
[38, 39], and the nature of the link between individual-
level professional capital and team-level professional
capital is described as follows. First, on OHCs, the pro-
fessional capital of the team represents the collective
value that a MT holds, regarding its interrelations and
interconnectedness among members. Second, leadership
is seen as essential for successful team operation [40,
41], and leaders of MTs have autonomy in selecting
other members [42], typically motivated by outcome
considerations rather than political or other concerns.
Third, the professional capital of the leader plays an im-
portant role, and those leaders with high professional
capital tend to attract members with high decisional
capital (high loyalty and popularity). They also appeal to
doctors with high status capital, as the leader usually as-
sembles like-minded people. As a result, a team built by
a leader with higher professional capital would experi-
ence stronger cooperation among members. Based on
this analysis, the professional capital of the leader is
highly and positively correlated to the professional cap-
ital of the team [43]. Thus, we hypothesize:
H1: leaders with higher professional capital (status

capital and decisional capital) are more likely to form
teams with higher professional capital (status capital
and decisional capital)
Professional capital is considered in patient decision

making. On the one hand, high status capital represents a
greater amount of resources [44]. Patients treat a doctor
with higher status (e.g., title or top-tier hospital) as a signal

of higher service quality, believing that the doctor is better
than others (i.e., more professional, knowledgeable, reli-
able and valuable) [11, 12]. On the other hand, a doctor’s
popularity could be represented by decisional capital on
OHCs [45]. It is commonly agreed that leadership is es-
sential for team effectiveness and performance [46].
Leaders, whose key behavioral characteristic is dominance,
have strong tendencies to “take the initiative in social set-
tings, introduce people to one another, and be socially en-
gaging by introducing and stimulating interaction” [47].
Popular doctors could help patients make good judgments
on MTs and successful teams rely on their leader’s cap-
acity [43]. Our study hypothesizes that the professional
capital of a leader is significantly correlated with team
outcomes:
H2a(b): leaders with higher status capital (deci-

sional capital) will have higher TSD
Extant research provides evidence concerning the

positive effect of social/professional capital embedded
in a team on cooperation and team outcomes [48, 49].
Based on the Social Exchange Theory, professional cap-
ital, as a critical advantage, can enhance team functional-
ity by influencing patients’ attitude and choices [50], so
we confirm that a team with higher professional capital
tends to obtain more patients. As the powerful synthe-
sized professional capital of each team member works as
a combined effect, patients tend to develop a psycho-
logical attachment to MTs through increasing perceived
trust and lowered uncertainty from more than one doc-
tor, which may directly contribute to patients’ intentions
to repeatedly purchase services [51]. Specifically, status
capital reflects the capability and level of members in

Fig. 1 Conceptual Model
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offline MTs, while decisional capital indicates positive or
negative relationships between doctors and patients on-
line. In addition, patients may make choice based on
peers [12], so the decisional capital of the whole team
influences patient choice. Hence, users tend to trust
MTs with high professional capital and purchase their
services repeatedly. To summarize, the professional cap-
ital of teams contributes to team-based service demands
on OHCs, leading to the following hypothesis:
H3a(b): teams with higher levels of status capital

(decisional capital) are more likely to receive more
services in MTs

Team heterogeneity and TSD
In this study, team heterogeneity is reflected by team
size (i.e., the number of team members) and dispersion
of titles (i.e., Blau heterogeneity index [15] or the num-
ber of titles). Existing studies have proven that team het-
erogeneity could influence the outcomes or profitability
of a team [16, 52], however, they do not have a consist-
ent conclusion. This said, team size and dispersion (i.e.,
team heterogeneity) have consistently emerged as major
antecedents of social loafing or productivity loss in
technology-supported teams [53, 54]. For one reason,
some scholars attribute the unsatisfactory outcomes to a
dilution effect of the group member’s lessened ability in
large-sized teams [55]. For another reason, users attach
great importance to the professionalism (i.e., experience
and knowledge) of members. In MTs with high title het-
erogeneity, members with an inferior title usually have
more time and energy to provide services than ones with
a superior title. Subsequently, patients are often worried
that they may get the response from a less-experienced
doctor, based on the theory of social loafing [53, 54], in-
stead of the doctor that they want to choose, so patients
are more willing to choose a homogeneous team.
The effect of team heterogeneity on outcomes also de-

pends on the type of task and the development stage of
the team [56]. The relationship between team heterogen-
eity and outcomes in related research manifests that: (1)
heterogeneous teams are found to have advantages in
unstructured, complex, short, creative and innovative
work, and they are more productive in turbulent envi-
ronments, and (2) by contrast, homogeneous teams are
found to be more productive in stable environments, be-
ing good at long, procedural, regular and steady work
[57]. Especially at the early development stage of a team,
scholars have produced evidence that co-located teams
outperform dispersed teams [58]. Team-based medical
services often involve long and regular tasks [59], and
MTs are at an early stage of development on OHCs in
China. Therefore, heterogeneity in MTs may have a
negative impact on TSD. This analysis leads us to the
following hypothesis:

H4: MTs with higher levels of team heterogeneity
are more likely to possess lower team-based service
demands in MTs
The effects of leadership also depend on the specific

environment, such as team heterogeneity and atmos-
phere. Team heterogeneity may enhance the role of
leaders on outcomes by contributing to team openness
and a diverse range of responses [60]. According to the
uncertainty reduction theory [61], interaction with more
than one doctor reassures patients, making them clearer
about their symptoms or diagnosis received; this in-turn
encourages repeat patient purchases. In addition, mem-
bers of heterogeneous MTs have a complementary effect
on each other, especially the leader, which is conducive
for doctors when analyzing and solving problems, facili-
tating outcomes indirectly. In fact, patient choices on
team-based medical services show the Matthew effect,
that reflects cumulative advantage [62]. As a result, the
mechanisms introduced above play critical roles in
teams with leaders with higher professional capital than
those with lower. Thus, we hypothesize the following:
H5a(b): team heterogeneity positively moderates

the relationship between the leader’s status capital
(decisional capital) and TSD in MTs
Following this logic, we argue that greater team het-

erogeneity encourages the sharing of different perspec-
tives that helps embrace uncertainties [63, 64], thereby
positively moderating the effect of a team’s professional
capital on team based service demands. Doctors operat-
ing in a team deal with a patient’s questions simultan-
eously. Compared with a homogeneous team, a diverse
MT will attach a higher value to the team with higher
professional capital, which is more likely to reduce un-
certainties and secure the trust of patients. High hetero-
geneity can solve problems more effectively and allocate
time and energy of doctors more reasonably [34] by
obtaining advice from colleagues with different expertise.
Therefore, we suggest that the interaction between team
heterogeneity and a team’s professional capital is condu-
cive for the delivery of online healthcare and we
hypothesize that:
H6a(b): team heterogeneity positively moderates

the relationship between a team’s status capital (deci-
sional capital) and TSD in MTs

Methods
Research context
The delivery of medical services by MTs on OHCs is an
increasingly popular provision means in China. We
study the research questions proposed in this paper by
collecting data from haodf.com, considered one of the
most professional and largest OHCs in China. The plat-
form has developed sophisticated functionality, provid-
ing patients with the opportunity to purchase and obtain

Li et al. BMC Medical Informatics and Decision Making          (2019) 19:119 Page 5 of 15

http://haodf.com


various medical services [65], including written consult-
ation, phone consultation and video consultation. In
2017, Haodf.com introduced MTs to their platform for
patient consultation. Since then, this new service has
proved popular among both doctors and patients.

Sample and data collection
We crawled publicly available data and information re-
lating to MTs on haodf.com to test our hypotheses. Data
was collected for all teams on December 25, 2017, with
the same process being repeated on January 25, 2018. As
some important information, such as response speed,
cannot be provided by MTs without patients, we re-
moved these MTs from our dataset. Finally, 890 MTs,
employing 3994 team members, were included in our
model. For each team in our dataset, we collected data
related to services offered, and other relevant informa-
tion about the leader and team members (e.g., hospital
and city information). Figure 2 shows an example of two
teams’ online service selection pages, while Fig. 3 shows
an example of a MT’s homepage. When a patient wishes
to select a MT, they simply click the name of the team,
as shown in Fig. 3, which provides a QR code allowing
patients to scan the code to receive the team-based ser-
vice via their mobile phone.

Measures of variables and empirical models
Dependent variable
The dependent variable in this study was team-based
service demands, which was measured by the quantity of
patients who have purchased the team-based service. By
collecting team information two times, we used the in-
crement of TSD between December 25, 2017 and Janu-
ary 25, 2018 as the dependent variable.

Independent variables
Status Capital (SC) and Decisional Capital (DC) were in-
cluded to measure professional capital and were used as
two vital exchange resources. First, based on the re-
search of Guo [14], the status capital of doctors was
measured as follows: Clinic Title (CTitle), Academic
Title (ATitle), Hospital Level (HL) and City Level (CL).
We also assessed decisional capital by the doctor-patient
interactions online: Recommendation (Rec) and Quantity
of One-to-One Services (Qoos). Further, we conceptual-
ized the variable of Team Heterogeneity (TH) by inte-
grating two forms of diversity: Quantity of Team
Members (Qmem) and TH, represented by Quantity of
Titles (Qtit) or Blau Index (i.e., Herfindal-Hirschman
Index) [15] of titles. Therein, the general formula of Blau
Index was as follows,

H ¼ 1−
X

i¼1

Pi
2 ð1Þ

where Pi was the proportion of each title in the number
of team clinic titles. Finally, as the samples did not com-
pletely conform to standard normal distributions and
each component had a different order of magnitude, we
considered the standardization of all variables of SC,
DC, and TH, to represent the primary data and address
their large variances. Therefore, status capital was mea-
sured as the summation of four standardized variables:
Clinic Title (CTitle), Academic Title (ATitle), Hospital
Level (HL) and City Level (CL). Decisional capital was
measured as the summation of two standardized vari-
ables: Recommendation (Rec) and Quantity of One-to-
One Services (Qoos). Team Heterogeneity (TH) was
measured as the summation of two standardized vari-
ables: Quantity of Team Members (Qmem) and title

Fig. 2 Service Selection Page of Team A and B
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heterogeneity, represented by Quantity of Titles (Qtit) or
Blau Index (i.e., Herfindal-Hirschman Index) [12] of ti-
tles. To summarize, the independent variables at the
leader and team levels included Decisional Capital of
Leader (DCL), Status Capital of Leader (SCL), Decisional
Capital of Team (DCT), Status Capital of Team (SCT)
and Team Heterogeneity (TH). A more detailed descrip-
tion of these is presented in Table 1, shown later in the
article.

Control variables
Where possible, we controlled for other factors, including
response speed of services and price, which played a crit-
ical role in patient decision-making and ultimately affected
team outcomes. First, online service providers could aug-
ment online service quality by enhancing their response
speed, potentially attracting more patients [66]. Thus, for
patients seeking online medical help from MTs, it was
clear that response speed had a positive impact on TSD.
Second, according to the transaction-cost theory, price af-
fected quantity negatively, being regarded as the proxy of
sacrifice made, so we controlled variables of response
speed and price in our study to eliminate relevant effects.
All variables are described in detail in Table 1. We

considered the logarithms of (TSD + 1) to deal with its
large variances and the problem of the zero value. To

measure the effect of professional capital and team het-
erogeneity respectively, we used hierarchical multiple re-
gressions. We first controlled the effect of price and
response speed on TSD in Model 1. Next, the profes-
sional capital of the team leader and the team were ana-
lyzed in Models 2 and 3. Finally, we further studied the
impact of team heterogeneity and its interaction with
professional capital on TSD. The coefficient of the inter-
action term between SCL/DCL/SCT/DCT and team het-
erogeneity would reveal whether team heterogeneity was
statistically moderating the effect of professional capital
on TSD. Our final empirical models were as follows, and
β1-β11 represented the coefficient, ε represented the ran-
dom error term .

LnðTSDþ 1Þ � 10 ¼ β1RS þ β2P þ β3DCLþ β4SCL

þβ5DCT þ β6SCT þ β7TH

þβ8DCL� TH þ β9SCL� TH

þβ10DCT � TH þ β11SCT � TH þ ε

ð2Þ

Results
Linear regression and hierarchical multiple regressions
were used to estimate empirical results, while statistical

Fig. 3 A MT’s Homepage
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significance was established at a p-value less than 0.05.
All data was analyzed using STATA.

Descriptive statistics and correlations
Descriptive statistics and Pearson’s correlation for the
key variables used in the study are presented in Table 1

and Table 2 respectively. The minimum and maximum
value of all variables is also shown in Table 1, while the
range of TSD was from 0 to 65. The mean value for
TSD was 1.958, which meant that each team had nearly
two patients in each one-and-a-half month period, on
average. In general, with relation to the low TSD, the

Table 1 Descriptive Statistics

Variables Description/Explanation Type Mean Std. Min. Max.

Dependent variables

Team-based service demands (TSD) The average number of team-based service demands
the MT received during the two time periods.

Interval 1.958 4.6803 0 69

Independent variables

Layer 1: Team Leader

Decisional Capital (DCL)

Recommendation (Rec) Comprehensive recommended heat for the doctor,
evaluated by patients.

Interval 4.144 0.382 3 5

Quantity of one-to-one service (Qoos) The total number of one-to-one services that the
doctor offers.

Interval 36.94 169.75 0 3166

Status Capital (SCL)

Doctor’s Clinic Title (CTitle) When clinic title of the lead doctor is Chief Doctor or
Associate Chief Doctor, the value of CTitle is 1; otherwise,
it is 0.

Dummy – – 0 4

Doctor’s Academic Title (ATitle) When the academic title of the lead doctor is Professor
or Associate Professor, the value of ATitle is 1; otherwise,
it is 0.

Dummy – – 0 4

Hospital Level (HL) Hospital level is evaluated and issued by government
health departments. When hospital level is level 3,
being the best, the value of HL is 1; otherwise, it is 0.

Dummy – – 0 3

City Level (CL) When the team leader is in developed cities (Beijing/
Shanghai/Guangdong), the value of CL is 1; otherwise,
it is 0.

Dummy – – 1 4

Layer 2: MTs

Decisional Capital (DCT)

Rec of Team Sum of recommendation of all members. Interval 17.02 11.27 0 99

Qoos of Team Sum of one-to-one service demands of all members. Interval 49.82 182.05 0 3178

Patient Quantity (PQ) The number of patients that the MT had at the beginning
of this study.

Interval 13.99 25.273 0 640

Status Capital (SCT)

Quantity with High Title Doctors (DQHT) The number of doctors with clinic title of Chief Doctor
or Associate Chief Doctor in the MT.

Interval 2.226 2.292 0 23

Quantity of Level3 Hospitals (HQL) The number of doctors in Level3 hospital in the MT. Interval 1.294 1.084 0 11

Quantity in Developed Cities (DQDC) The number of doctors in developed cities in the MT. Interval 2.06 2.876 0 24

Team Heterogeneity (TH)

The quantity of Members (Qmem) The number of member doctors in the MT. Interval 4.488 2.900 2 24

Blau Index of Titles (Blautit) Heterogeneity of member titles in the MT. Interval 0.490 0.187 0 0.8

The quantity of Titles (Qtit) The number of title types in the MT. Interval 2.46 0.799 1 5

Control variables
(Service Process)

Response speed (RS) Response speed of the MT for team-based written
consultation.

Interval 0.433 0.436 0 1

Price (P) Price offered by the MT for team-based written
consultation.

Interval 73.62 83.56 0 800
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skewness value of 7.405 indicated its positive skewness
and the high standard deviation (i.e., 4.6803) represents
its large variances, so it was necessary for us to clarify
the variation in TSD, transform the variable of TSD as
Ln (TSD + 1) and explore how professional capital and
team heterogeneity influences it in MTs. The mean value
(maximum value) for team size was 4.488 (21), with the
mean value being low compared with the maximum
value; therefore, MT heterogeneity and their impact on
outcomes were to be explored. In addition, most correla-
tions between the independent variables and control var-
iables, shown in Table 2, were not high which helped
yield stable results. The values of VIF were all below 10,
so multicollinearity could be ignored [67].

Empirical results
The results relating to the relationship between the pro-
fessional capital of the leader and professional capital of
the team are shown in Table 3, which supports H1. All
variables explained 31.1 and 16.2% variance in decisional
capital and status capital, and the values of F test were
all significant. For the decisional capital of the team, this
was influenced significantly by that of the leader, and the
leader’s clinical title. Thus, those leaders with high deci-
sional capital were likely to be more loyal to provide ser-
vices on OHCs and tended to choose similar doctors
with higher perceived loyalty online. In addition, leaders
with high clinical titles tended to attract similar types of
team members. For the status capital of team, it had sig-
nificant correlations with the leader’s status capital

instead of decisional capital, that mainly referred to the
leader’s behavior online. Specifically, the results indi-
cated that leaders with high status capital often recruited
team members with high status capital, which meant
high titles (CTitle, ATitle), good hospitals (hospital level,
HL) and developed cities (city level, CL), and this was
consistent with the actual social relations. Finally, the
decisional capital of the leader and the city level made
most contributions to decisional capital and status cap-
ital of the team respectively, according to the standard
coefficient.
All variables explained the 50.9% variance in TSD, and

the values of R Square Change were all significant. To
test the hypotheses of the proposed model, we consid-
ered five models. First, we only tested the effects of con-
trol variables (i.e. RS and P) in Model 1. Next, we added
the professional capital of the team leader and MT in
Model 2 and Model 3, where we evaluated H2 and H3.
Furthermore, the impact of team heterogeneity on TSD
(i.e., H4) was tested in Model 4. Finally, we built the
interaction of professional capital and team heterogen-
eity to test H5 and H6. The regression equation estima-
tion and results of these models are shown in Table 4.
Through comparison of the adjusted R2 in each column,
the five models all recorded satisfactory explanations,
since R2 and ΔR2 were both significant.
In general, most paths were statistically significant,

supporting hypotheses 1, 2, 4, and 5. Hypothesis 3 was
partially supported, while H6 was not supported. Thus,
the professional capital of a leader and team most

Table 2 Bivariate Correlations (n = 890)

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

(1) Rec

(2) Qoos 0.239a

(3) CTitle 0.087a 0.102a

(4) ATitle 0.200a 0.032 0.463a

(5) HL 0.140a −0.005 0.049 0.072b

(6) CL 0.282a 0.142a 0.092a 0.023 −0.014

(7) Rec of Team 0.155a 0.038 0.203a 0.126a 0.026 0.057

(8) Qoos of Team 0.225a 0.894a 0.103a 0.000 −0.024 0.153a 0.157a

(9) PQ 0.327a 0.570a 0.076b 0.021 0.013 0.128a 0.138a 0.585a

(10) DQHT 0.058 0.033 0.335a 0.186a 0.021 0.038 0.714a 0.122a 0.049

(11) HQL 0.094a 0.021 0.031 0.047 0.104a 0.071b 0.349a 0.048 0.073b 0.434a

(12) DQDC 0.248a 0.113a 0.187a 0.162a 0.014 0.563a 0.505a 0.195a 0.154a 0.347a 0.195a

(13) Qmem 0.100a 0.044 0.214a 0.120a 0.014 0.035 0.943a 0.131a 0.100a 0.756a 0.350a 0.450a

(14) Blautit 0.046 0.071b 0.423a 0.218a −0.021 0.098a 0.251a 0.084b 0.094a 0.130a 0.012 0.164a 0.262a

(15) Qtit 0.109a 0.080b 0.428a 0.209a −0.006 0.103a 0.511a 0.113a 0.128a 0.260a 0.078b 0.328a 0.518a 0.847a

(16) RS 0.338a 0.101a 0.052 0.036 0.069b 0.105a 0.112a 0.149a 0.255a 0.024 0.050 0.095a 0.058 0.026 0.045

(17) P 0.303a 0.120a 0.091b 0.097a 0.028 0.204a 0.134a 0.160a 0.013 0.109a 0.020 0.231a 0.091a 0.059 0.072b −0.007

Notes: a. Correlation is significant at the 0.01 level (2-tailed);b. Correlation is significant at the 0.05 level (2-tailed)

Li et al. BMC Medical Informatics and Decision Making          (2019) 19:119 Page 9 of 15



positively and significantly influenced TSD; TH corre-
lated negatively with TSD, which manifested that better
teams were with lower variances in composition. Re-
garding the control variables in all models, price (P) was
seen to have a negative impact on TSD, and response
speed (RS) was shown to affect TSD positively. Further-
more, the control variable RS had the highest standard
coefficient (0.427, p < 0.01) in Model 4, indicating that
patients that use OHCs pay important attention to the

response speed of MTs; thus, we could not ignore this
variable.
Concerning the results of RQ2, we found that the pro-

fessional capital of the leader and decisional capital of
the whole team both had significant and positive effects
on TSD. The path DCT → TSD (H3a) had the highest
standard coefficient in the model (0.415, p < 0.01), except
the control variable, indicating that DCL played a vital
role. The results also suggested that DCL, SCL, and

Table 3 Results of Research Question 1

Variables Decisional Capital Status Capital

Coefficient Standard coefficient Coefficient Standard coefficient

Intercept −0.240 − 2.767***

CTitle 0.507*** 0.107 1.130*** 0.120

ATitle −0.137 −0.044 1.139*** 0.185

HL −0.143 −0.037 0.421* 0.055

CL −0.016 −0.005 1.522*** 0.253

DCL 0.536*** 0.554 0.084 0.044

R2 0.311 0.162

Adjusted R2 0.307 0.157

F 79.754*** 34.092***

Notes: N = 890. * p < 0.1. ** p < 0.05. *** p < 0.01

Table 4 Results of Hierarchical Multiple Regression

Variables Model 1 Model 2 Model 3 Model 4 Model 5

coefficient Standard
coefficient

Coefficient Standard
coefficient

Coefficient Standard
coefficient

Coefficient Standard
coefficient

Coefficient Standard
coefficient

Intercept 1.387*** 1.229*** 1.197*** 0.972*** 0.832***

Control variables

Response speed (RS) 4.134*** 0.553 3.334*** 0.446 3.198*** 0.428 3.187*** 0.427 3.215*** 0.430

Price (P) −0.003** − 0.065 − 0.007*** − 0.178 − 0.006*** − 0.157 − 0.006*** −0.156 − 0.006*** − 0.154

Team leader

DCL 0.727*** 0.351 0.246*** 0.119 0.190** 0.092 0.178** 0.086

SCL 0.296*** 0.090 0.435*** 0.132 0.480*** 0.146 0.524*** 0.159

MT

DCT 0.551*** 0.369 0.616*** 0.412 0.605*** 0.405

SCT −0.053*** −0.096 −0.038** −0.069 −0.045* −0.082

TH −0.181*** − 0.088 − 0.458*** −0.223

TH*DCL 0.091** 0.065

TH*SCL 0.133** 0.180

TH*DCT −0.008 −0.012

TH*SCT −0.005 −0.036

R2 0.311 0.436 0.496 0.501 0.509

Adjusted R2 0.309 0.433 0.493 0.498 0.503

F 200.208 170.868 144.928 126.386 82.817

ΔR2 0.311 0.125 0.60 0.005 0.008

ΔF 200.208 97.821 52.938 8.121 3.781

Notes: N = 890. OLS present Ordinary Least Squares. * p < 0.1. ** p < 0.05. *** p < 0.01
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DCT had positive relationships with TSD (supporting
H2a, H2b, and H3a). However, the status capital of the
team did not function significantly, and H3b was not
supported. Several factors contributed to it. First, con-
sidering that the primary form of team service was writ-
ten consultation, and one-to-one services included both
written and telephone consultation, there existed alter-
native and complementary effects between two service
patterns, and TSD was influenced by individual service
inevitably. Second, teams with high status capital tended
to assign a high price to their services that could affect
TSD significantly and negatively, concealing the influ-
ence of status capital of the team. Third, a team’s status
capital partially mediated the effects of a leader’s profes-
sional capital on TSD.

The effect of team heterogeneity
Team heterogeneity (TH) was seen to have complex
roles, with the coefficient of heterogeneity on TSD being
negative (β = − 0.458, p < 0.01, supporting H4), while a
high positive interaction between heterogeneity and the
leader’s professional capital was demonstrated. In detail,
the coefficient of interaction between team heterogeneity
and decisional capital of the leader was 0.091(p < 0.05),
while that of the leader’s status capital was 0.133 (p <
0.05) (supporting H5). However, this association did not
exist between heterogeneity and the team’s professional
capital, so H6 was not supported. Accordingly, H2 (at
the individual level) was supported, while H3 (at the
team level) was only partially supported. In brief, it was
imperative to research team outcomes at different levels,
since it operated differently.
The results obtained implied that the interaction ef-

fects between heterogeneity and leader’s professional
capital at the individual level were significant for TSD,
whereas no interaction occurred at the team level. Based
on H5 and H6, we had investigated the potential moder-
ating effect of team heterogeneity on the relationship be-
tween professional capital and TSD. Our results showed
that a team’s heterogeneity enhanced the relationship be-
tween a leader’s social capital and e-consultation quan-
tity, but it did not have any significant impact on the
relationship between the team’s social capital and e-
consultation quantity. A clearer representation of the
interaction effects is shown in Fig. 4.

Robustness test
We ran alternative model specifications by varying the
proxies for heterogeneity. First, we used the number of
titles in each MT as a proxy for title heterogeneity index.
We combined the quantity of members and quantity of
titles to represent the heterogeneity of the whole team
by standardization and addition. The results were robust
against these variations in the heterogeneity proxy, as

shown in Table 5. Similarly, we used five models with
their results being consistent with previous models.
Thus, it was concluded that the results had no construct
validity issues and were quite robust.

Discussion
Result analysis
Given that prior research has examined factors that in-
fluence the outcomes of individual doctors on OHCs
[12], and that limited studies have explored them in a
team setting context, we propose a conceptual model in
which we hypothesize and examine relationships be-
tween three characteristics (i.e., professional capital of
leader and team, and team heterogeneity) and TSD in
MTs settings based on the Social Exchange theory and
Upper Echelons theory. In prior studies, the professional
capital of doctors influences their outcomes positively
[14]. Similarly, our results show that most leader (social
capital and decisional capital) and team (decisional cap-
ital) characteristics have positive effects on TSD in MTs,
while the status capital of a team has no significant ef-
fect. The results also show a negative relationship be-
tween team heterogeneity and TSD and the positive
moderating effect of team heterogeneity on the relation-
ship between the leader and TSD. We summarize the re-
sults of the estimation of hypotheses testing in Table 6.
In short, our empirical results mostly support the hy-
potheses (i.e., the positive influence of most team char-
acteristics) and possess decent explanatory power.
This research aids in the understanding of how a MT

leader affects the composition of a team, and how these
two aspects (leader and team) affect TSD. Scholars have
tested how to maximize group effectiveness via optimal
configurations of different conduits for such capital [32],
and our results show that team based service demands
could be increased by improving the composition of a
MT. First, doctors with a higher service quality often
have many duties in physical hospitals and have less time
to concentrate on OHCs [65], so the complementary ef-
fect among doctors can improve efficiency and efficacy,
and subsequently increase TSD. Second, if patients feel
that a team’s heterogeneity is high while evaluating and
comparing teams to make a choice, after basing their
choice on the team leader, they become more willing to
obtain services from the entire team because of in-
creased perceived value. Thus, teams with a leader that
possesses a higher professional capital could increase
team heterogeneity to achieve a balance between service
quality and response speed.

Theoretical implications
Our study makes three contributions to theoretical un-
derstanding. First, we utilize the Upper Echelons Theory
and Social Exchange Theory to frame our hypotheses
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and extend the literature on MTs. In particular, the ex-
tension of Upper Echelons theory, used for studying the
influences of team characteristics on TSD of MTs, is a
theoretical contribution for both those studying OHCs
and for theory application. Meanwhile, existing studies
regarding online healthcare communities are facing chal-
lenges of health information technology, consumer
health informatics and incentives [65]; this study makes
unique contributions to these aspects of health inform-
atics in the context of MTs’ emergence and popularity.
Second, this study opens new avenues for research

into online virtual teams, in the context of OHCs in
China. On the one hand, it contributes to studies in

related fields of team establishment and factors of team
outcomes by studying teams in the healthcare field. It
also makes numerous suggestions relating to team struc-
ture are provides insights into developing efficient MTs,
which directly contributes to OHC research. On the
other hand, we further extend the understanding of
some conceptions. For instance, the concept of profes-
sional capital, widely used in organizational studies and
OHC research, is expanded to team-based services on
OHCs.
Finally, this research is distinctive from most other re-

search, in that it analyzes the effect of team heterogen-
eity from two dimensions, instead of merely one

Fig. 4 Interaction Effect between TH and Leader’s Professional Capital on TSD

Table 5 Results of Robustness Test

Variables Model 1 Model 2 Model 3 Model 4 Model 5

Coefficient Standard
coefficient

Coefficient Standard
coefficient

Coefficient Standard
coefficient

Coefficient Standard
coefficient

Coefficient Standard
coefficient

Intercept 1.387*** 1.229*** 1.197*** 0.963*** 0.785***

Control variables

Response speed (RS) 4.134*** 0.553 3.334*** 0.446 3.198*** 0.428 3.184*** 0.426 3.190*** 0.427

Price (P) −0.003** − 0.065 − 0.007*** − 0.178 − 0.006*** − 0.157 − 0.006*** − 0.156 − 0.006*** − 0.155

Team leader

DCL 0.727*** 0.351 0.246*** 0.119 0.181** 0.088 0.176** 0.085

SCL 0.296*** 0.090 0.435*** 0.132 0.466*** 0.142 0.505*** 0.154

MT

DCT 0.551*** 0.369 0.632*** 0.423 0.620*** 0.415

SCT −0.053*** − 0.096 − 0.031 − 0.055 − 0.029* − 0.053

TH −0.203*** −0.108 − 0.445*** −0.238

TH*DCL 0.061** 0.055

TH*SCL 0.106** 0.168

TH*DCT −0.008 −0.072

TH*SCT −0.017 − 0.032

R2 0.311 0.436 0.496 0.502 0.511

Adjusted R2 0.309 0.433 0.493 0.498 0.505

F 200.208 170.868 144.928 127.239 83.296

ΔR2 0.311 0.125 0.60 0.006 0.008

ΔF 200.208 97.821 52.938 11.128 3.684

Notes: N = 890. OLS present Ordinary Least Squares. * p < 0.1. ** p < 0.05. *** p < 0.01
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dimension. Firstly, this study focuses on the direct im-
pact of team heterogeneity, identifying different kinds of
team heterogeneity for future research. Secondly, team
heterogeneity, as a moderating variable, provides more
comprehensive and powerful explanations for team out-
comes from a novel perspective. Prior studies have pos-
tulated the influence of a team leader, while it has not
been empirically examined in MTs, let alone the inter-
action effect of leader and team heterogeneity. The dir-
ect and indirect (i.e., moderating) roles of team
heterogeneity in team outcomes helps us account for in-
consistent conclusions in previous investigations.

Practical implications
This paper has also made significant practical contribu-
tions. First, findings are deemed useful assets for health-
care providers, administrators and consumers in moving
positively toward team-based services, which could help
ensure the safety and quality of online health service
provision. For healthcare providers, the results may
allow MTs to understand what aspects should be given
more attention for improving their services and com-
petitiveness. For leaders, our findings offer evidence-
based guidelines about the structural design of success-
ful MTs on OHCs, while founders of teams should be
cautious that high heterogeneity might not lead to envis-
aged outcomes. Furthermore, regarding managerial im-
plications, the key to improving team performance in
MTs is to consider the professional capital and team
heterogeneity comprehensively; leaders with high profes-
sional capital could enhance team heterogeneity. More-
over, those teams with high heterogeneity should pay
greater attention to reshaping team composition in the
case of team loafing.

Finally, this research can help patients not only receive
team-based services as an option of healthcare e-
consultation, which removes the constraints of one-
doctor-at-a-time services, but also informs them on how
to choose MTs, improving communication efficacy and
perceived service quality. The decisional capital of the
whole team is more important for a user when choosing
a MT, compared with the status capital of a highly re-
puted leader, according to the standard coefficients, and
the decisional capital of team leader and the status cap-
ital of the whole team function least during patients’
decision-making process. In brief, the order of what pa-
tients focus on is: decisional capital of the whole team,
status capital of team leader, decisional capital of team
leader, and status capital of the whole team. Therefore, a
patient may choose a team because the leader is highly
reputed regardless of team members’ reputation, which
means patients focus on the status capital of the leader
more than the whole team.

Limitations
Although this study makes significant contributions to
theory and practice, it also has several limitations. First,
the study uses cross-sectional data, instead of scientific
panel data, which is taken from one OHC in China at
the early stage of development when resources owned
by MTs are in shortage, and there exists “New Entry De-
fects”, so continuous study is required, and future exten-
sions could focus on comparative or comprehensive
studies of one-on-one visits and MTs. In addition, we
have not examined the cooperation mechanism for each
team in our study. Further, there is medical information
that cannot be integrated into the model. Patients with
different symptoms and diseases typically ask for help
from multiple departments, so the receivers of services
would vary dependent on the specialties, symptoms, and
diseases; in addition, this related information is difficult
to obtain and measure. The final limitation relates to
team heterogeneity. Although two aspects above could
represent team heterogeneity well, according to related
researches, there is a clear need for more work into the
effect of different types of heterogeneity. The heterogen-
eity of background, department, hospital, and region
could be taken into account to study the delivery of
team-based services, just as Espinosa et al. [68] con-
tended that the different types of team heterogeneity
among virtual team members can have different effects
on team process and outcome. Therefore, further longi-
tudinal research is needed to explore these aspects to fa-
cilitate the improvement of service delivery.

Conclusion
Demands of team-based service in OHCs have import-
ant practical significance in the healthcare domain, and

Table 6 Summary of Results

Hypotheses Results

H1a. CCL(+)➔CCT Supported

H1b. SCL(+)➔CCT Supported

H1c. CCL(+)➔SCT Supported

H1d. SCL(+)➔SCT Supported

H2a. CCL(+)➔TSD of MTs Supported

H2b. SCL(+)➔TSD of MTs Supported

H3a. CCT(+)➔TSD of MTs Supported

H3b. SCT(+)➔TSD of MTs Not supported/significant

H4. TH(−)➔TSD of MTs Supported

H5a. CCL×TH(+)➔TSD of MTs Supported

H5b. SCL×TH (+)➔TSD of MTs Supported

H6a. CCT×TH (+)➔TSD of MTs Not supported/significant

H6b. SCT×TH (+)➔TSD of MTs Not supported/significant

Note: The significant level of accepting/rejecting the hypotheses is at the
0.1 level
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they are strongly associated with the professional capital
and team heterogeneity of MTs. In this paper, we com-
prehensively study the TSD from these two perspectives
based on the Upper Echelons Theory and Social Ex-
change Theory, and results may assist the development
of MTs in OHCs. First, concerning the professional cap-
ital, DCL, SCL, and DCT are key positive factors of TSD.
Second, team heterogeneity has both significantly direct
and indirect effects on TSD, since it negatively affects
TSD and has a positive moderating effect on the rela-
tionship between the leader and TSD. According to the
Contingency Theory and existing literatures, a contin-
gent leader effectively applies their attributes dependent
upon the internal/external conditions that include the
team heterogeneity in this research. Thus, related sug-
gestions are provided for the platform and team leaders
to manage MTs with strong practicality.

Abbreviations
DC(L): Decisional Capital (of Leader); DC(T): Decisional Capital (of Team);
MT(s): Medical Team(s); OHC(s): Online Health Community(s); OLS: Ordinary
Least Squares; PC(L): Professional Capital (of Leader); PC(T): Professional
Capital (of Team); SC(L): Status Capital (of Leader); SC(T): Status Capital (of
Team); TH: Team Heterogeneity; TSD: Team-based Service Demands

Acknowledgements
Not applicable.

Authors’ contributions
All authors conceived and designed the study. JL and HW completed the
study and analyzed data collected. JL, HW, ZD, NL, RE and CX wrote and
proofread the paper. All authors read and approved the manuscript prior to
submission.

Funding
This study was funded by the National Natural Science Foundation of China
(NO. 71671073 and NO. 91646104).

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due to the privacy items of the Robots Protocol and since
we collected the data from the haodf.com and would use them to write
another paper, so data are not public, but are available from the corresponding
author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1School of Medicine and Health Management, Tongji Medical College,
Huazhong University of Science and Technology, 13 Hangkong Road,
Qiaokou District, Wuhan, China. 2College of Engineering, Design and Physical
Sciences, Brunel University London, London, UK.

Received: 22 January 2019 Accepted: 30 May 2019

References
1. Cummings J, Dennis AR. Virtual first impressions matter: the effect of

enterprise social networking sites on impression formation in virtual teams.
MIS Q. 2018;42(3):697–717.

2. Scott C, Hofmeyer A. Networks and social capital: a relational approach to
primary healthcare reform. Health Res Policy Syst. 2007;5(1):1–8.

3. Jayanti RK, Singh J. Pragmatic learning theory: an inquiry-action framework
for distributed consumer learning in online communities. J Consum Res.
2010;36(6):1058–81.

4. Alger I, Salanié F. A theory of fraud and overtreatment in experts markets. J
Econ Manag Strateg. 2006;15(4):853–81.

5. Weathers D, Swain SD, Grover V. Can online product reviews be more
helpful? Examining characteristics of information content by product type.
Decis Support Syst. 2015;79:12–23.

6. Ford RC, Piccolo RF, Ford LR. Strategies for building effective virtual teams:
Trust is key. Business Horizons. 2016;60(1):25-34.

7. Y. Alicia Hong, Chen Liang, Radcliff T, Wigfall LT, Street RL. What do patients
say about doctors online? A systematic review of studies on patient online
reviews. Journal of Medical Internet Research (forthcoming/in press).

8. Pinjani P, Palvia P. Trust and knowledge sharing in diverse global virtual
teams. Inf Manag. 2013;50(4):144–53.

9. Wang H. The Internet will surpass the offline outpatient service and become
the first access to medical treatment in China. https://mp.weixin.qq.com/
s?__biz=MjM5MDgxNjIwNw==&mid=2650470713&idx=1&sn=
bfc122ab5a4a3f1923dd919e26ae0bc2&chksm=beb15b9989c6d28f62348b3
1aee5720ba3698cea80710690d9517af58d3ae860c3fee6f30126&scene=
0&xtrack=1&pass_ticket=UOsRUDEinxLMrxSk%2F5t4lJoFdieNAevK4URk
7TkZEwiuIHNOSFuI13ChufhCoqMg#rd. Accessed 6 January 2019.

10. Kanawattanachai P, Yoo Y. The impact of knowledge coordination on virtual
team performance over time. MIS Q. 2007:783–808.

11. Wu H, Lu N. Online written consultation, telephone consultation and offline
appointment: an examination of the channel effect in online health
communities. Int J Med Inform. 2017;107:107–19.

12. Lu N, Wu H. Exploring the impact of word-of-mouth about physicians’
service quality on patient choice based on online health communities. BMC
Med Inform Decis Mak. 2016;16(1):151.

13. Johnson SL, Safadi H, Faraj S. The emergence of online community
leadership. Inf Syst Res. 2015;26(1):165–87.

14. Guo S, Guo X, Fang Y, Vogel D. How doctors gain social and economic
returns in online health-care communities: a professional capital
perspective. J Manag Inf Syst. 2017;34(2):487–519.

15. Carpenter MA. The implications of strategy and social context for the
relationship between top management team heterogeneity and firm
performance. Strateg Manag J. 2002;23(3):275–84.

16. Carpenter MA, Geletkanycz MA, Sanders WG. Upper echelons research
revisited: antecedents, elements, and consequences of top management
team composition. J Manag. 2004;30(6):749–78.

17. Rokicki M, Zerr S, Siersdorfer S. Groupsourcing: team competition designs
for crowdsourcing. In: Proceedings of the 24th international conference on
world wide web. Florence: International World Wide Web Conferences
Steering Committee; 2015. p. 906–15.

18. Hambrick DC, Mason PA. Upper echelons: the organization as a reflection of
its top managers. Acad Manag Rev. 1984;9(2):193–206.

19. Lewin S, Reeves S. Enacting ‘team’ and ‘teamwork’: using Goffman’s theory
of impression management to illuminate interprofessional practice on
hospital wards. Soc Sci Med. 2011;72(10):1595–602.

20. Fernandez R, Vozenilek JA, Hegarty CB, Motola I, Reznek M, Phrampus PE,
Kozlowski SWJ. Developing expert medical teams: toward an evidence-
based approach. Acad Emerg Med. 2008;15(11):1025–36.

21. Baltes BB, Dickson MW, Sherman MP, Bauer CC, LaGanke JS. Computer-
mediated communication and group decision making: a meta-analysis.
Organ Behav Hum Decis Process. 2002;87:156–79.

22. Driskell JE, Radtke PH, Salas E. Virtual teams: effects of technological
mediation on team performance. Group Dyn Theory Res Pract. 2003;7(4):
297–323.

23. Nurmi N. Coping with coping strategies: how distributed teams and their
members deal with the stress of distance, time zones and culture. Stress
Health. 2011;27(2):123–43.

Li et al. BMC Medical Informatics and Decision Making          (2019) 19:119 Page 14 of 15

http://haodf.com
https://mp.weixin.qq.com/s?__biz=MjM5MDgxNjIwNw==&mid=2650470713&idx=1&sn=bfc122ab5a4a3f1923dd919e26ae0bc2&chksm=beb15b9989c6d28f62348b31aee5720ba3698cea80710690d9517af58d3ae860c3fee6f30126&scene=0&xtrack=1&pass_ticket=UOsRUDEinxLMrxSk%2F5t4lJoFdieNAevK4URk7TkZEwiuIHNOSFuI13ChufhCoqMg#rd
https://mp.weixin.qq.com/s?__biz=MjM5MDgxNjIwNw==&mid=2650470713&idx=1&sn=bfc122ab5a4a3f1923dd919e26ae0bc2&chksm=beb15b9989c6d28f62348b31aee5720ba3698cea80710690d9517af58d3ae860c3fee6f30126&scene=0&xtrack=1&pass_ticket=UOsRUDEinxLMrxSk%2F5t4lJoFdieNAevK4URk7TkZEwiuIHNOSFuI13ChufhCoqMg#rd
https://mp.weixin.qq.com/s?__biz=MjM5MDgxNjIwNw==&mid=2650470713&idx=1&sn=bfc122ab5a4a3f1923dd919e26ae0bc2&chksm=beb15b9989c6d28f62348b31aee5720ba3698cea80710690d9517af58d3ae860c3fee6f30126&scene=0&xtrack=1&pass_ticket=UOsRUDEinxLMrxSk%2F5t4lJoFdieNAevK4URk7TkZEwiuIHNOSFuI13ChufhCoqMg#rd
https://mp.weixin.qq.com/s?__biz=MjM5MDgxNjIwNw==&mid=2650470713&idx=1&sn=bfc122ab5a4a3f1923dd919e26ae0bc2&chksm=beb15b9989c6d28f62348b31aee5720ba3698cea80710690d9517af58d3ae860c3fee6f30126&scene=0&xtrack=1&pass_ticket=UOsRUDEinxLMrxSk%2F5t4lJoFdieNAevK4URk7TkZEwiuIHNOSFuI13ChufhCoqMg#rd
https://mp.weixin.qq.com/s?__biz=MjM5MDgxNjIwNw==&mid=2650470713&idx=1&sn=bfc122ab5a4a3f1923dd919e26ae0bc2&chksm=beb15b9989c6d28f62348b31aee5720ba3698cea80710690d9517af58d3ae860c3fee6f30126&scene=0&xtrack=1&pass_ticket=UOsRUDEinxLMrxSk%2F5t4lJoFdieNAevK4URk7TkZEwiuIHNOSFuI13ChufhCoqMg#rd
https://mp.weixin.qq.com/s?__biz=MjM5MDgxNjIwNw==&mid=2650470713&idx=1&sn=bfc122ab5a4a3f1923dd919e26ae0bc2&chksm=beb15b9989c6d28f62348b31aee5720ba3698cea80710690d9517af58d3ae860c3fee6f30126&scene=0&xtrack=1&pass_ticket=UOsRUDEinxLMrxSk%2F5t4lJoFdieNAevK4URk7TkZEwiuIHNOSFuI13ChufhCoqMg#rd


24. Zahedi FM, Walia N, Jain H. Augmented virtual doctor office: theory-based
design and assessment. J Manag Inf Syst. 2016;33(3):776–808.

25. Collins SA, Bakken S, Vawdrey DK, Coiera E, Currie L. Model development for
EHR interdisciplinary information exchange of ICU common goals. Int J Med
Inform. 2011;80(8):e141–9.

26. Nambisan S. Designing virtual customer environments for new product
development: toward a theory. Acad Manag Rev. 2002;27(3):392–413.

27. Maynard MT, Mathieu JE, Rapp TL, Gilson LL. Something(s) old and
something(s) new: modeling drivers of global virtual team effectiveness. J
Organ Behav. 2012;33(3):342–65.

28. Correia A, Kozak M, Reis H. Conspicuous consumption of the elite: social
and self-congruity in tourism choices. J Travel Res. 2014;55(6):738–50.

29. Chang HH, Chuang S-S. Social capital and individual motivations on
knowledge sharing: participant involvement as a moderator. Inf Manag.
2011;48(1):9–18.

30. Faraj S, Kudaravalli S, Wasko M. Leading collaboration in online
communities. MIS Q. 2015;39(2):393–412.

31. Koh J, Kim Y-G, Kim Y-G. Sense of virtual community: a conceptual
framework and empirical validation. Int J Electron Commer. 2003;8(2):75–94.

32. Oh H, Chung M-H, Labianca G. Group social capital and group effectiveness:
the role of informal socializing ties. Acad Manag J. 2004;47(6):860–75.

33. AKH Lui, CKY Lo, EWT Ngai. Does mandated RFID affect firm risk? The
moderating role of top management team heterogeneity. Int J Prod
Econ. 2019.

34. Alexiev AS, Jansen JJ, Van den Bosch FA, Volberda HW. Top management
team advice seeking and exploratory innovation: the moderating role of
TMT heterogeneity. J Manag Stud. 2010;47(7):1343–64.

35. Aspelund A, Berg-Utby T, Skjevdal R. Initial resources’ influence on new
venture survival: a longitudinal study of new technology-based firms.
Technovation. 2005;25(11):1337–47.

36. Henneke D, Lüthje C. Interdisciplinary heterogeneity as a catalyst for
product innovativeness of entrepreneurial teams. Creat Innov Manag. 2010;
16(2):121–32.

37. Bantel KA, Jackson SE. Top management and innovations in banking: does
the composition of the top team make a difference? Strateg Manag J. 2010;
10(S1):107–24.

38. Kozlowski SWJ, Klein KJ. A multilevel approach to theory and research in
organizations: contextual, temporal, and emergent processes. In: multilevel
theory, research, and methods in organizations: foundations, extensions,
and new directions. San Francisco, CA: Jossey-Bass; 2000. p. 3–90.

39. Kozlowski SWJ, Chao GT, Grand JA, Braun MT, Kuljanin G. Advancing
multilevel research design:capturing the dynamics of emergence. Organ Res
Methods. 2013;16(4):581–615.

40. Sarin S, Mcdermott C. The effect of team leader characteristics on learning,
knowledge application, and performance of cross-functional new product
development teams. Decis Sci. 2010;34(4):707–39.

41. Choudhury P, Haas MR. Scope versus speed: team diversity, leader
experience, and patenting outcomes for firms. Strateg Manag J. 2018;39:
977–1002.

42. Wu H, Deng Z. Knowledge collaboration among physicians in online health
communities: a transactive memory perspective. Int J Inf Manag. 2019;49:
13–33.

43. FMDT P, Celi LA, Deliberato RO, Bulgarelli L, de FRT C, Filho RR, de MAA LH,
Kesselheim JC. Assessing team effectiveness and affective learning in a
datathon. Int J Med Inform. 2018;112:40–4.

44. Jie MG, Gao G, Agarwal R. The creation of social value: can an online health
community reduce rural–urban health disparities? MIS Q. 2016;40(1):247–63.

45. Veblen T. The theory of the leisure class: the new American library; 1992.
46. Na A, Tretiakov A, Whiddett D, Hunter I. Knowledge management systems

success in healthcare: Leadership matters. Int J Med Inform. 2017;97:331–40.
47. House RJ, Howell JM. Personality and charismatic leadership. Leadership

Quarterly. 1992;3(92):81–108.
48. Bouty I. Interpersonal and interaction influences on informal resource

exchanges between r&d researchers across organizational boundaries. Acad
Manag J. 2000;43(1):50–65.

49. Lu J, Yang J, Yu CS. Is social capital effective for online learning? Inf Manag.
2013;50(7):507–22.

50. Inkpen AC, Tsang EWK. Social capital, networks, and knowledge transfer.
Acad Manag Rev. 2005;30(1):146–65.

51. Deng Z, Liu S. Understanding consumer health information-seeking
behavior from the perspective of the risk perception attitude framework

and social support in mobile social media websites. Int J Med Inform. 2017;
105:98–109.

52. Van Knippenberg D, Mell JN. Past, present, and potential future of team
diversity research: from compositional diversity to emergent diversity. Organ
Behav Hum Decis Process. 2016;136:135–45.

53. Alnuaimi O, Lionel Robert J, Maruping L. Team size, dispersion, and social
loafing in technology-supported teams: a perspective on the theory of
moral disengagement. J Manag Inf Syst. 2010;27(1):203–30.

54. Chidambaram L, Tung LL. Is out of sight, out of mind? An empirical study
of social loafing in technology-supported groups. Inf Syst Res. 2005;16(2):
149–68.

55. Bandura A. Selective activation and disengagement of moral control. J Soc
Issues. 2010;46(1):27–46.

56. Harrison DA, Price KH, Gavin JH, Florey AT. Time, teams, and task
performance: changing effects of surface- and deep-level diversity on group
functions. Acad Manag J. 2002;45(5):1029–45.

57. Jackson SE. Team composition in organizational settings: issues in
managing an increasingly diverse work force; 1992.

58. Mcdonough EF, Kahn KB, Barczak G. An investigation of the use of global,
virtual, and collocated new product development teams. J Prod Innov
Manag. 2001;18(2):110–20.

59. WHO. World Health Organization: Task shifting: global recommendations
and guidelines. Geneva: World Health Organization; 2008.

60. Egan TM. Creativity in the context of team diversity: team leader
perspectives. Adv Dev Hum Resour. 2005;7(2):207–25.

61. Berger CR. Uncertain outcome values in predicted relationships uncertainty
reduction theory then and now. Hum Commun Res. 1986;13(1):34–8.

62. Merton RK. The Matthew effect in science, II: cumulative advantage and the
symbolism of intellectual property. Isis. 1988;79(4):606–23.

63. Cannella J-HP AA, Lee H-U. Top management team functional background
diversity and firm performance: examining the roles of team member
colocation and environmental uncertainty. Acad Manag J. 2008;51(4):768–84.

64. Talke K, Salomo S, Rost K.L. How top management team diversity affects
innovativeness and performance via the strategic choice to focus on
innovation fields. Res Policy. 2010;39(7):907–18.

65. Wu H, Lu N. Service provision, pricing, and patient satisfaction in online
health communities. Int J Med Inform. 2017;110:77–89.

66. Hualong Yang XG, Tianshi W. Exploring the influence of the online
physician service delivery process on patient satisfaction. Decis Support Syst.
2015;78:113–21.

67. Schroeder MA, Lander J, Levine-Silverman S. Diagnosing and dealing with
multicollinearity. West J Nurs Res. 1990;12(2):175–87.

68. Espinosa JA, Nan N, Carmel E. Temporal distance, communication patterns,
and task performance in teams. J Manag Inf Syst. 2015;32(1):151–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Li et al. BMC Medical Informatics and Decision Making          (2019) 19:119 Page 15 of 15


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Literature review
	Medical team strategy on OHCs and related theories
	The upper echelons theory

	Professional capital and related theories
	The social exchange theory

	Team heterogeneity and its impact on team outcomes
	Research model and hypotheses
	Professional capital and TSD
	Team heterogeneity and TSD

	Methods
	Research context
	Sample and data collection
	Measures of variables and empirical models
	Dependent variable
	Independent variables
	Control variables


	Results
	Descriptive statistics and correlations
	Empirical results
	The effect of team heterogeneity
	Robustness test

	Discussion
	Result analysis
	Theoretical implications
	Practical implications
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

