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Abstract: Background and Purpose: The development of research knowledge, skills, and attitudes
among postgraduate vocational-health education students is a crucial outcome of their degree
program. This study focuses on the research competences of vocational-health education students
and their use of web 2.0 technologies to enhance research productivity. The study employs the
Vitae Researcher Development Framework (RDF) and examines the use of web 2.0 technologies.
Method: The study surveyed 390 postgraduate vocational-health education students enrolled in
universities in Pakistan. Of the participants, 50.5% were male, 49.5% were female, 45.1% were from
private universities, and 54.9% were from public sector universities. Moreover, 68.2% were Master’s
students, while 31.8% were doctoral students. The data were analyzed through both symmetrical
and asymmetrical modeling techniques, including Partial least square equation modeling (PLS-
SEM) and fuzzy set Qualitative Comparative Analysis (fsQCA), to measure the direct and indirect
specific relationships among the constructs. Results: The results confirmed that research competences
and web 2.0 technologies have a direct effect on research productivity. Furthermore, the results
revealed that web 2.0 technologies mediate in the relationship between research competences and
research productivity. Conclusions: The study concludes that research competences and web 2.0
technologies predict research productivity. Additionally, web 2.0 technologies have an intervening
role in the relationship between research competences and research productivity during the COVID-
19 pandemic emergency. Implications: This study highlights the broader implications for health
education policymakers and institutions to include web 2.0 technologies in their development plans.
Future studies can develop web 2.0-based instructional strategies for the professional development
of advanced vocational-health education researchers. Originality: This study contributes to the
knowledge of research competences, web 2.0 technologies, and research productivity for vocational-
health education researchers.

Keywords: research competences; research productivity; vocational-health education; web 2.0
technologies

1. Introduction

The exploration, integration, and exploitation of Information and Communication
Technologies (ICT) have become the norm in the health sciences industry in the current
era [1] with no exception, ranging from health service-providing companies to the products
development industry and academia [2]. Researchers have applied the term “digital
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transformation” to highlight the transformation of the business world and society through
digital technology [2]. This concept is not limited to high-tech firms and digital startups in
the medical sciences, but it is also equally applicable to vocational-health sciences research
and development organizations and academia. Digital transformation is a continuous
process that firms of all sizes from different health sectors need to embrace [2,3].

Research and knowledge production are the backbone of health sciences academia
and the health sciences entrepreneurship process [4]. Vocational-health education institu-
tions prepare researchers for continuing knowledge production for the benefit of society,
but vocational-health education organizations also consume their products. Researchers’
development and knowledge management are the lifeblood of health education organiza-
tions and society [5]. Using innovative technologies for the professional development of
researchers, knowledge management, and knowledge sharing according to the changing
context, culture, and environment is the hallmark of health education institutions. This situ-
ation has prompted researchers to investigate the influence of research competences on the
use of technologies for their research productivity at a higher education level in vocational-
health sciences. Therefore, the present study explores how research competences enhance
research productivity through web 2.0 technologies among vocational-health education
novice researchers during the COVID-19 pandemic.

Several models [6] and standards are available for the development of researchers [7].
The Vitae Researcher Development Framework (RDF) has gained significance because of its
adaptability for different lenses, such as leadership, employability, early researchers, and so
forth [8]. Researchers have also used Vitae RDF to study researchers’ knowledge, skills, and
attitude development in different contexts. The Society of College, National, and University
Libraries (SCONUL) introduced information literacy and its seven pillars. According to [9],
information literacy is “an umbrella term which encompasses concepts such as digital,
visual and media literacies, academic literacy, information handling, information skills,
data curation, and data management.” A working paper published in 1999 [9] on the
seven pillars of information literacy has described the seven aspects of information-literate
persons: “Identity, Scope, Plan, Gather, Evaluate, Manage, and Present.” Although experts
have suggested viewing Vitae RDF through SCONUL’s information literacy lens, there
is a scarcity of research on health sciences’ novice researcher development through an
information literacy lens, especially with a focus on web 2.0 technologies, which saw
an increased use by academics during the pandemic. Therefore, research is needed to
view researcher development through an information literacy lens with a focus on web
2.0 technologies.

This study addressed the research gaps mentioned above by shedding light on the
influence of research competences on research productivity through web 2.0 technologies
usage during the COVID-19 pandemic. To understand the phenomenon, web 2.0 technolo-
gies were divided into five sub-scales, such as general use of social media, communication
technologies, collaborative technologies, information management technologies, and multi-
media technologies. We later analyzed them using a second-order technique. This study
used a survey approach to collect data from postgraduate vocational-health education stu-
dents enrolled in a developing country in Pakistan. Partial least square structural equation
modeling was used for symmetrical data analysis to measure the relationships used in
the research model, while fuzzy set Qualitative Comparative Analysis (fsQCA) helped in
asymmetrical data analysis. The research questions of the study were formulated based on
the rationale mentioned above:

RQ1. What is the impact of research competences on the use of web 2.0 technologies and
research productivity?

RQ2. Does the use of web 2.0 technologies mediate the relationship between research
competences and research productivity?

This research contributes to knowledge in four ways. First, it adds to the literature
on web 2.0 technologies, research competences, and research productivity for novice
researchers in vocational-health education. Second, it provides empirical evidence of the use
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of web 2.0 technologies to enhance the research productivity of vocational-health education
learners during emergencies such as the COVID-19 pandemic. Third, it presents empirical
evidence and a robust statistical analysis of the mediating role of web 2.0 technologies in the
relationship between research competences and research productivity during the COVID-19
pandemic. Fourth, it introduces a methodological addition by combining symmetrical and
asymmetrical approaches for data analysis. Overall, this study is valuable for vocational-
health education institutions, and policymakers can use it to develop research policies and
social media strategies to improve researchers’ productivity and process efficiency.

2. Literature Review

Web 2.0 is the second version of the worldwide web that enables user collaboration,
networking, and content generation. Examples of web 2.0 include YouTube, wikis, blogs,
social media, and online networks [10,11]. Web 2.0 has the ability to share information,
facilitate user collaboration, and enhance communication. It is also useful for research [12].
For example, web 2.0 technologies such as social networking sites facilitate researchers
in collecting data from mass populations and can also provide new insights and ideas
from individuals [13,14]. Web 2.0 is also extensively used to share data through blogs
and wikis, which enhances the validity and transparency of research [14]. Due to web 2.0
technologies, researchers [12] are collaborating more, promoting interdisciplinary research
and knowledge sharing. Web 2.0 platforms such as ResearchGate are also being used by
researchers for the dissemination of knowledge [15].

Different researchers define web 2.0 in various ways. Ellison et al. [16] defined web
2.0 technologies as platforms to develop online profiles to connect with others. Kietzmann
et al. defined it as building blocks that comprise a set of functionalities [17]. Kaplan
et al. presented the taxonomy of web 2.0 into six major categories: online gaming sites,
online shared spaces, content-based shared sites, collaborative networks, social network
sites, and blogs [11]. Duman [18] used the classification of web 2.0 usage as a tool for
research into five broader categories: social media networks such as Facebook and Twitter,
web 2.0 for collaboration such as Wikipedia and Statpedia, information management
technologies such as Endnote and Mendeley, multimedia services such as audio, video,
and file transfer services, and communication technologies such as WhatsApp, Zoom, and
Skype [18]. This study has used Duman’s [18] classification of web 2.0 technologies among
postgraduate students.

Before the pandemic, higher education students spent an average of 10–60 min on
social media websites such as Facebook and Twitter to improve their language skills,
conduct research, and enhance their research profiles [19]. A pre-pandemic analysis of
postgraduate vocational-health education students’ web 2.0 technologies such as Facebook,
Twitter, wikis, and blogs showed their engagement in virtual environments for research
writing as an outcome of social media activity [20]. During the COVID-19 pandemic,
postgraduate vocational-health education students faced new challenges and prioritized
web 2.0 technologies such as Zoom for research communication [21].

The use of web 2.0 technologies for research among novice vocational-health educa-
tion researchers depends on their training and research competences in using technology.
Previous research suggests that novice researchers use web 2.0 technologies not only for
leisure and social networking, but also for sharing opinions [22], online learning [23], infor-
mation exchange [24], personal promotion, submitting assignments [25], and disseminating
research outputs [26].

However, some scholars have a negative view of web 2.0 usage [27,28]. Many schol-
ars believe that web 2.0 use can have a negative impact on students’ mental well-being,
leading to addiction [28]. Attitudes towards public and scholarly engagement with web
2.0 vary globally, depending on language, cultural, and political paradigms [29]. Some
countries prioritize their local web 2.0 platforms by blocking selective international web 2.0
technologies to prevent the spread of undesired political information in their society. For
instance, China has banned WhatsApp and Facebook nationwide [30]. The Chinese gov-
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ernment recommends WeChat for social, public, and scholarly information dissemination
and communication purposes [19]. The use of web 2.0 for academic and other purposes
also depends on the circumstances of the users. For example, social isolation during the
pandemic has changed the social media usage behavior of students.

One of the objectives of the vocational-health education postgraduate program is to
develop students as future knowledge producers. Developing research competences and
conducting research work are part of the postgraduate program’s coursework. Various
frameworks and models are available for researchers’ development [7]. Bent et al. proposed
a model called the “Seven Ages of Researchers”, which describes researchers’ development
in seven stages: masters-level students, doctoral students, post-doctoral researchers, adjunct
researchers, senior research fellows, and expert-level researchers [9]. Another model
introduced by a pan-European research network is known as EURAXESS, which categorizes
researchers into three developmental stages: R1 is the first postgraduate student stage, R2
is the post-doctorate student stage, and R3 is the professional researcher stage [31]. This
research uses Bent et al.’s [31] first level for Master’s and PhD students and EURAXESS’s
R1 level for postgraduate students to define research competences.

Another comprehensive model, the Vitae Researcher Development Framework (RDF),
aims to produce professional researchers in the UK [7]. The Vitae RDF was introduced
in 2011 [8] and is flexible to use with different lenses, such as leadership and information
literacy. Researchers define information literacy as an umbrella term covering key concepts
such as data management, information handling, academic literacy, online and web 2.0,
and social media literacies [9]. In this research, information literacy is limited to the use of
web 2.0 technologies for research productivity. The information literacy or web 2.0 lens of
the Vitae RDF is used, connecting the Vitae RDF with the web 2.0 landscape of SCONUL.
This lens provides knowledge, skills, and attitudes for researchers’ development to use
information technology such as web 2.0 and social media for research activities. The web
2.0 lens on Vitae RDF measures how researchers can practically use research competences
to use information technologies in their research work. It also enables academicians to
realize the use of their information literacy to highlight transferability and their abilities
through two-way information technologies for knowledge creation and dissemination.

2.1. Conceptual Framework and Hypotheses Development

The Researcher Development Framework (RDF) is widely adopted by researchers [9],
as it helps them develop their skill sets across various domains. This framework emphasizes
the importance of information literacy skills for scholars, which are highly effective in
helping researchers find, assess, and use information to solve problems and generate new
knowledge. Additionally, the RDF is a useful tool for supporting researchers in developing
their information literacy skills, including information seeking, data management, and
knowledge dissemination. By focusing on specific RDF domains relevant to information
literacy, scholars can develop the skills needed to effectively utilize information throughout
the research process. In this study, we utilized the RDF through the lens of information
literacy, specifically with a focus on web 2.0 and its effect on research productivity. We
have also formulated our study hypothesis based on the RDF through the lens of web 2.0
learning technologies.

2.1.1. Research Competences Influence the Research Productivity

In this study, research competences are defined as the knowledge and abilities re-
quired to effectively manage research activities for knowledge dissemination. According
to Tahsildar and Hasani [32], research productivity is influenced by research skills gained
through research competence. Numerous studies in the field of medical science have
emphasized the role of professional training and career exploration programs in building
research competence. A recent study by [33] on doctoral students in the biomedical field
highlighted that researchers invested in training and development, were more aware of
their research competences, and observed productive outcomes in their research work and
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career. Research competences gained during postgraduate programs help vocational-health
education students become expert researchers [9]. Researchers [32] identified a positive
role of research competences in enhancing the research productivity of vocational-health
education researchers. Another study showed [34] that inferior quality research compe-
tences of vocational-health education students result in low-quality research outcomes.
Based on the above discussion, we have developed a hypothesis, as follows.

H1. Research competences have a positive influence on research productivity.

2.1.2. Research Competences and Web 2.0 Technologies Usage

Research competences are an exogenous construct in this research that affects the
usage of web 2.0 technologies, an endogenous variable of the study. According to research
findings [35], research competences developed during coursework help students use new
media, web 2.0, and social media for collaboration, planning, and research management.
Web 2.0 technologies can prove to be a valuable platform for knowledge sharing and
collaboration, as they can help transcend geographical boundaries [36]. Furthermore, a
study conducted in India [37] found that healthcare professionals who are confident about
their knowledge are more likely to engage in knowledge-sharing platforms provided by
web 2.0 technologies. Researchers have identified that the research competences of novice
vocational-health education researchers influence their ability to access quality research
material, develop and share ideas in shared areas of interest, and enhance academic writing
skills through the use of social media [38]. According to [39], postgraduate level vocational-
health education students use their research abilities to exploit web 2.0 resources to update
their information, engage with research activities, access new resources, and enhance their
abilities for innovation and creativity. We base the following hypothesis on the above
discussion.

H2. Research competences have a positive influence on the use of web 2.0 technologies.

2.1.3. Web 2.0 Technologies and Research Productivity

This study defines social media technologies as communication tools, collaborative
tools, multimedia tools, management tools, and general technologies that enhance research
productivity [40]. Usage of social media platforms such as Zoom, Google Docs, WhatsApp,
and Facebook has skyrocketed among postgraduate-level health sciences researchers [41].
Social media technologies provide unique and cost-effective opportunities for novice health
sciences researchers to recruit and execute studies [42,43]. Health sciences researchers have
used Facebook, Twitter, and other social media networking sites to maintain social distanc-
ing [44]. During the COVID-19 pandemic, web 2.0 became an essential communication tool
for health sciences research organizations to spread their research work as a public message
in society [45,46]. This included maintaining social distancing and accessing hard-to-reach
audiences such as colleague researchers, target populations and samples, research networks
review meetings, conferences, and journals for the dissemination and sharing of newly
constructed knowledge.

When used as a workplace tool, social media has a significant impact on work efficiency.
Even the social-oriented use of social media has been found to be helpful for work efficiency
as it leads to smoother social interactions, increased awareness of social capital, and
more opportunities to explore new clients [47]. Social media also improves social capital
formation among employees to build knowledge and enhance work performance [48].

Based on the above discussion, we propose the following hypothesis.

H3. Social media technologies have a positive influence on research productivity.

2.1.4. Mediation of Web 2.0 Technologies

Researchers have identified that research competences (RC) positively influence the
research productivity (RP) of postgraduate health sciences students [49]. It is also a part of
the postgraduate vocational-health education students’ learning process to gain research
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competences to effectively use web 2.0 technologies, which can enhance their research
productivity [50]. Researchers have suggested that novice vocational-health education
researchers’ RC enable them to gain knowledge, abilities, and attitudes for the use of web
2.0 technologies, such as e-resources and social media, which facilitate research planning,
management, organization, and dissemination [51]. The use of social media, in particular,
has been found to aid postgraduate students in compiling their research tasks and connect-
ing with their peers [50,52]. Therefore, we propose the following hypothesis based on the
above discussion.

H4. Web 2.0 technologies mediate the relationship between research competences and research
productivity.

3. Research Method
3.1. Research Approach

This study employed a cross-sectional survey research approach. The survey method
was beneficial for three reasons. Firstly, to explore the impact of research competences
on the use of web 2.0 technologies and research productivity, it was necessary to gather
personal insights from postgraduate students. Secondly, collecting data from a large sample
size would produce results that are generalizable to the target population of the study.
Finally, researchers had connections in the field that enabled them to collect data from
postgraduate vocational-health education students.

3.2. Instrumentation

Duman [18] developed a questionnaire to measure the usage of web 2.0 technologies.
The instrument was divided into four parts. The first section collected participants’ demo-
graphic information. The second part asked about the use of different web 2.0 technologies.
The third part was related to research competences, and the fourth part was about research
productivity. We used a Likert-type scale ranging from 1 = strongly disagree to 5 = strongly
agree. Please refer to supplementary file A for information on the constructs, sub-constructs,
and relevant indicators. To improve the face validity and content validity of the instrument,
20 PhD students and ten researchers filled out the pilot survey, and ten experts provided
feedback. The pilot survey resulted in Cronbach alpha values for all constructs being
above the threshold of 0.7. Below, we provide detailed explanations of the scales used in
the instrument.

3.2.1. Measures
Research Competences

The scale used 32 items related to research competences, which were adapted from the
work of [8]. Sample items included “I can analyze issues related to research” and “I am able
to solve research problems during the research process”. The Cronbach alpha values were
above the threshold of 0.70, indicating that the research competences scale was reliable.

Web 2.0 Technologies Usage

The web 2.0 technologies scale has 25 items adapted from previous studies [18].
Sample items included “Academic and social network sites such as Academia.edu and
ResearchGate are helpful for research activities” and “Social media has become a part of my
academic routine”. The Cronbach alpha values were above the threshold of 0.70, indicating
that the web 2.0 technologies scale was reliable.

Research Productivity

The eight items related to research productivity were adapted from the work of
Duman [18]. Sample items included “I am able to prepare, organize, and collect data” and
“I am able to generate ideas”. The Cronbach alpha values were above the threshold of 0.70,
indicating that the research productivity scale was reliable.
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3.3. Data Collection

This study collected data from postgraduate vocational-health education students
enrolled at universities in Pakistan. An online website [53] was used to determine the
necessary sample size for the study. Structural equation modeling (SEM) was used with
three second-order variables, three observed constructs, eight latent constructs, and eight
latent indicators, with an expected effect size of 0.2, a statistical power of 0.8, and a
significance level of 95%. The online website calculated a minimum sample size of 276
respondents (Westland, 2010). The research plan was approved by an ethical research
committee. The stratified random sampling technique was used to select five public and
five private Pakistani universities that offer postgraduate vocational-health education
programs. Informed consent was obtained from the students prior to data collection. The
sample included 45% private students and 55% students from public universities, based on
the proportion of students enrolled in public and private institutions. In this sample, 68%
of students were enrolled in a Master’s program and 32% were doctoral students, based on
the enrollment of students in Master’s and doctoral programs in public and private sector
universities. The survey was distributed via email to randomly selected email addresses of
Master’s and PhD students based on the strata outlined above. Out of 400 questionnaires
distributed, 10 were discarded due to missing values, resulting in a data analysis of a
97.50% (n = 390) response rate.

3.4. Data Analysis Procedure

We analyzed the data using SmartPLS 3.3.3 for symmetrical data analysis and fsQCA
software for asymmetrical data analysis. For symmetrical data analysis, we used the mea-
surement modeling approach, including assessing the indicator loading, Cronbach alpha,
composite reliability, and average variance extracted to ensure reliability. Additionally, we
ensured convergent and discriminant validity and tested the coefficient of determination,
Q2 Fit indices, f square, and VIF among dimensions. For asymmetrical data analysis, we
applied the QCA approach using fsQCA software and measured the consistency level of
the configuration. Depending on the research question and data interpretation, various
studies have used symmetrical and asymmetrical data analysis techniques simultaneously.
Symmetrical data analysis techniques, such as linear regression analysis and structural
equation modeling, are used when the factors have a normal distribution and cause—effect
relationships need to be measured. These techniques are widely used in tourism studies,
psychology, sociology, and business to analyze large-scale surveys. Asymmetrical data
analysis techniques are used when the association between factors is non-linear. These
techniques include the use of fuzzy set Qualitative Comparative Analysis (fsQCA), which
helps to find different combinations of relationships between variables. These techniques
are commonly used in health sciences and organizational management. We employed
both symmetrical and asymmetrical data analysis techniques to identify both linear and
non-linear relationships among the variables, providing us with all possible combinations
of research analysis output.

3.5. Demographic Profile

A total of 390 postgraduate vocational-health education students participated in the
survey, comprising 197 (50.5%) males and 193 (49.5%) females. Based on the strata shared
earlier, 176 (45.1%) research participants were from private higher education institutions,
and 214 (54.9%) were from public higher education institutions. Among the participants,
266 (68%) were Master’s students, while 124 (31.8%) were doctoral students. In terms of
age, 174 (44.6%) participants were under 25 years old, 152 (39%) were between 25–30 years
old, 39 (10%) were between 30–35 years old, 9 (2.3%) were between 35–40 years old, 11
(2.8%) were between 40–45 years old, and 5 (1.3%) were over 45 years old.
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4. Data Analysis

SmartPLS 3.3.3 was used for symmetrical data analysis, while fsQCA software was
used for asymmetrical data analysis.

4.1. Symmetrical Data Analysis

The analysis comprised of two techniques: measurement analysis and partial least
square structural equation modeling (PLS-SEM) analysis [54]. The construct of web 2.0
technologies was a second-order factor of the repeated reflective indicators of communi-
cation technologies, collaborative technologies, information management technologies,
and general social media use. We conducted a two-step analysis following the researchers’
guidelines [55].

4.1.1. Outer Model

The reliability and convergent validity of the constructs were assessed by factor
loading (FL), Cronbach’s alpha, composite reliability (CR), and Average Variance Extracted
(AVE) [56]. The threshold values for FL > 0.60, CA > 0.7, AVE > 0.5, and CR > 0.7 [56].
Table 1 showed that the values for FL, CA, CR, and AVE exceeded the respective threshold
values. Therefore, the data analysis concluded that the instrument is reliable and valid, as
given in Table 1.

Table 1. Reliability and Validity.

Constructs Loadings CA CR AVE

Collaborative

0.927 0.948 0.821
CO1 0.86
CO2 0.936
CO3 0.932
CO4 0.894

Communication

0.943 0.953 0.716

C1 0.778
C2 0.851
C3 0.7
C4 0.893
C5 0.87
C6 0.894
C7 0.89
C8 0.876

Multimedia

0.956 0.966 0.85

M1 0.901
M2 0.928
M3 0.937
M4 0.931
M5 0.911

Management

0.959 0.967 0.832

I1 0.886
I2 0.923
I3 0.907
I4 0.922
I5 0.938
I6 0.894
I7 0.886
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Table 1. Cont.

Constructs Loadings CA CR AVE

General

0.902 0.925 0.672

G1 0.76
G2 0.843
G3 0.836
G4 0.848
G5 0.798
G6 0.83

Engagement

0.923 0.937 0.649

E1 0.842
E2 0.794
E3 0.799
E4 0.8
E5 0.812
E6 0.748
E7 0.845
E8 0.803

Governance

0.89 0.917 0.649

GR1 0.683
GR2 0.866
GR3 0.736
GR4 0.847
GR5 0.854
GR6 0.831

Knowledge
F1 0.651

0.93 0.944 0.706

F2 0.773
F3 0.709
F4 0.77
F5 0.838
F6 0.787
F7 0.832

Effectiveness

0.883 0.909 0.59

K1 0.768
K2 0.867
K3 0.803
K4 0.867
K5 0.835
K6 0.907
K7 0.826

Research productivity
RP1 0.844

0.972 0.976 0.838

RP2 0.911
RP3 0.93
RP4 0.935
RP5 0.924
RP6 0.927
RP7 0.934
RP8 0.914

Web 2.0 technologies

0.972 0.974 0.566

Multimedia 0.91
Information management 0.886

Collaborative 0.869
Communication 0.861

Social media in general 0.734
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Table 1. Cont.

Constructs Loadings CA CR AVE

Research competences

0.956 0.96 0.562
Research governance 0.864

Knowledge and intellectual abilities 0.85
Personal effectiveness 0.849

Engagement and influence 0.813
Abbreviations: Average Variance Extracted = AVE; Composite Reliability = CR; Cronbach Alpha = CA.

Researchers [57] suggested using Heterotrait—Monotrait correlation ratios (HTMT)
to assess the discriminant validity of the constructs. An HTMT index below the threshold
of 1 indicates a satisfactory level of discriminant validity. In our study, we developed a
second-order factor for research competences from the sub-factors of research governance,
knowledge and intellectual abilities, personal effectiveness and engagement, and influence.
Another construct we examined was web 2.0 technologies, which was a second-order factor
of communication, collaboration, information management, and multimedia technologies.
We found that the discriminant validity for the second-order factors was satisfactory, as
shown in Table 2.

Table 2. Factors’ Discriminant Validity (HTMT) at second-order.

Research Productivity Research Competences

Research productivity
Research competences 0.705
Web 2.0 technologies 0.792 0.838

We assessed the quality of the structural equation model through the coefficient of
determination R2, Geisser’s Q2, effect size f2, fit indices such as SRMR and NFI, and VIF
values, and exogenous constructs’ direct and indirect effects on endogenous constructs
after assessing the outer and inner models.

4.1.2. Quality Measures of SEM

The coefficient of determination R2 indicates weak, moderate, and strong explanatory
power when its values are 0.25, 0.50, and 0.75, respectively. In our study, we measured
R-square values for research productivity (0.58) and web 2.0 technologies (0.55). In addition
to R-square values, we used the Q-square index to evaluate the criterion prediction of
endogenous constructs [58]. To assess the cross-validation redundancy analysis, we used
blindfolding in Smartpls software. The Q2 index (which is calculated as 1-SSE/SSO) reflects
the quality of the path model, with all endogenous constructs above the zero thresholds, as
shown in Table 3.

Table 3. Coefficient of Determination and Q2.

Constructs R2 Q2

Research productivity 0.582 0.483
Web 2.0 technologies 0.552 0.400

The fitness of the model was evaluated using the Standardized Root Mean Squared
Residual (SRMR) and Bentler—Bonett Normed Fit Index (NFI). According to researchers [59],
a model is considered to have a good fit if the SRMR values are below the threshold of
0.05 and the NFI is greater than 0.9. In our SEM analysis, we found SRMR = 0.049 and
NFI > 0.90, indicating good fit indices. Additionally, the RMS_Theta value was used
as another indicator to measure the model fit, and the ideal threshold value is below
0.12. The value of RMS_Theta, which was 0.127 in Table 4, indicates that the model fit
was appropriate.
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Table 4. Fit indices, f-square, and VIF.

Constructs Research
Productivity

Web 2.0
Technologies Fit Indices

f2 VIF f2 VIF SRMR = 0.049
NFI = 0.90

RMS_Theta = 0.127
Research Ccompetences 0.046 2.234 1.234 1

Web 2.0 technologies 0.382 2.234

A principal component factor was constructed using factor analysis. According to [60],
the unrotated factor analysis results should be below 50%. Harman’s one-factor analysis
yielded a result of 31.7%. In addition, we measured the VIF values to assess multicollinearity
issues among the constructs. VIF values should be below the threshold of 0.5 [61]. All
constructs showed VIF values less than 0.5, indicating no multicollinearity problem, as
given in Table 4.

Next, we measured the f-square values that reflect the effect of exogenous constructs
on endogenous constructs in a measurement model; an f-square value below 0.02 is weak,
between 0.02 and 0.15 is moderate, and above 0.15 is substantial [62]. All constructs have
shown a satisfactory effect size of exogenous constructs on endogenous constructs, as given
in Table 4.

4.2. Descriptive Statistics

All constructs exhibited a general inclination towards agreement on a scale of 1
(strongly disagree) to 5 (strongly agree), as demonstrated by the following means and
standard deviations: research competences (M = 4.029, SD = 0.524), web 2.0 technologies
(M = 3.776, SD = 0.922), and research productivity (M = 3.604, SD = 1.28).

4.3. Direct Path

Researchers [63] have suggested measuring the β coefficient; to assess the effect of
exogenous constructs on endogenous constructs in hypothesis testing. Research also [64]
recommends measuring the probability level and t-stats; to endorse the β coefficient
for hypothesis testing at the bootstrapping level of 5000 sub-samples. We performed a
bootstrap at 5000 level to get the β coefficient, significance level, and t-statistics.

We verified a positive and significant relation of RC with RP (β = 0.207, t = 4.526,
p = 0.000). Hence, it does not reject H1. Data analysis shows that the influence of RC with
the use of web 2.0 technologies was significant and positive (β = 0.745, t = 30.66, p = 0.000).
Hence, it robustly accepts H2. Web 2.0 technologies have shown a positive and significant
relation with RP (β = 0.596, t = 12.324, p = 0.000). Hence, it accepts H3. Data analysis
showed the mediation of RC between web 2.0 technologies and RP. Web 2.0 technologies
showed a positive mediation between research competences and research productivity
(β = 0.444, t = 11.343, p = 0.00). Hence, it accepts H4, as given in Table 5. Figure 1 also
shows overall relations among the constructs.

Table 5. Direct and indirect Paths.

Direct and Indirect Relationships Coefficients Mean T Statistics p Values

Research competences→ research
productivity 0.207 0.206 4.526 0.000

Research competences→ web 2.0
technologies 0.745 0.744 30.663 0.000

Web 2.0 technologies→ research
productivity 0.596 0.598 12.324 0.000

Research competences→ web 2.0
technologies→ research productivity 0.444 0.445 11.343 0.000
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Asymmetrical Data Analysis

The qualitative comparative analysis (QCA) technique was initially introduced in the
1980s in various fields, including political science and sociology, to investigate complex
conditions with small sample sizes [65]. However, QCA’s applicability is not restricted to
small sample studies, and it can be used in various disciplines to analyze large datasets [66].
QCA is used to determine the necessary and sufficient conditions for achieving an outcome
through the combination of various exogenous constructs.

To analyze our data, we converted the Excel data file into a CSV file and standardized
the item scores, which ranged from −3 to 3. The first step involved calibrating the scores,
such as 3 to 1, 0 to 0.05, and −3 to 0 [67]. The second step generated a truth table [68],
which presented the possible configurations of conditions necessary to obtain the study’s
outcome. Researchers [69] recommended setting the consistency level to 3 for samples
larger than 150, which reduced the rows with fewer than two cases. The final step was to
identify the configuration with a consistency level > 0.8 and coverage level > 0.2 [67].

The fsQCA technique provides three types of solutions: simple and complex solutions,
parsimonious solutions, and intermediate solutions. Researchers [67,70] suggest choosing
intermediate solutions as an adequate option for analyzing fsQCA results. This is the
reason we selected intermediate solutions for interpreting the results.

The fsQCA outcomes show a linear and mono combinations of the dimensions of
RC and SMT, which generate an outcome of RP. It also shows a sufficient configuration
to produce a high level of RP. The configuration table for RP presents two configurations:
configuration 1 (RC) and configuration 2 (SMT), as given in the Table 6.
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Table 6. Configurations for RP.

Configurations Raw Coverage Unique Coverage Consistency

Model: research productivity = f (RS, SMT)
RC 0.85 0.040 0.90

SMT 0.90 0.082 0.90

Solution coverage: 0.940638;

Solution consistency: 0.848767

Regression graphs also endorsed a positive relation of RC with RP as well as web 2.0
technologies with RP as given in the Figure 2.
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5. Discussion

The purpose of this research was to measure the influence of research competences on
the use of web 2.0 technologies to enhance the research productivity of students during
the COVID-19 pandemic. To the best of the researchers’ knowledge, this is among the
first studies to measure the influence of research competences with the mediation of web
2.0 technologies to enhance research productivity during an emergency. The COVID-19
pandemic has proved disastrous for almost all sectors of society worldwide, including
education [71]. The COVID-19 lockdown restricted many people to working from home
through telework, which potentially affected work productivity [72]. There is competition
among health, educational, and pharmaceutical research institutions to invent vaccines,
revolutionary medicines, and scientific breakthroughs to sustain a healthier world for all.
Health sciences vocational, educational, and research institutions need to compete in a
transforming world [73]. During the last two decades and especially during and after the
post-COVID-19 context, competition has increased among the health sciences’ vocational
and educational institutions that need continuous innovation adoption to sustain in the
market [74]. Vocational-health education institutions cannot survive without adopting
innovative technologies to enhance their performance and research productivity, like other
business organizations [2,74]. Therefore, the Higher Education Commission (HEC) of Pak-
istan directed vocational-health education institutions’ teachers and postgraduate students
to use information communication and technology (ICT) resources [73,75]. Vocational-
health education institutions tried their best to expedite disruptive innovation technologies
during the COVID-19 pandemic. The basic purpose of these efforts was to maintain re-
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search productivity among students, such as thesis and paper writing and research project
development, and students’ graduation [76]. Unfortunately, vocational-health education
institutions were not ready to adopt e-learning systems because they did not train enough
teachers to use e-learning systems in the case of emergency [77]. Sufficient infrastructure
was also not available to use e-learning systems. However, the internet, mobile phones,
and social media networks were accessible to vocational-health education students. Re-
searchers assumed that the research competences imparted to novice vocational-health
sciences researchers also developed their information literacy, which helped them use web
2.0 technologies for learning and research during the pandemic [78].

Our study followed the Researcher Development Framework (RDF) by Vitae to find
out the research competences of the researchers. First, the current study explored the
influence of research competences on research productivity among postgraduate vocational
health education students. The study outcomes revealed a positive and significant influence
of research competences on research productivity; hence, H1 was accepted. The current
study results match with previous studies that early researchers’ research competences
based on RDF, such as “engagement and influence”, “personal effectiveness”, “research
management”, and “research knowledge” correlate with research productivity [76,79].
Researchers [80] also suggested that higher education aims to impart research competences
among postgraduate vocational health education students that help them produce research
effectively. Therefore, it is derived that research competences may play a positive role in a
crisis to increase research productivity.

Second, current research assessed the influence of research competences on the use of
web 2.0 technologies. The results supported H2: research competences significantly and
positively impacted postgraduate vocational-health education students’ research productiv-
ity during COVID-19. Previous studies also supported the results of our study that research
competences influence the use of web 2.0 technologies among postgraduate vocational-
health education students for research [81]. Gleason et al. [82] viewed the influence of
research skills on the use of web 2.0 for research communication. The study concluded
that postgraduate vocational-health education students’ research competences, such as
research management, effectiveness, and governance, help them use web 2.0 for research.
Novice vocational-health sciences researchers used web 2.0 technologies for updating
literature, data collection, and storage. Web 2.0 technologies also helped novice researchers
in collaboration, communication, and sharing of ideas. However, barriers to adopting
web 2.0 technologies for research include misinformation, quality of information, and
restrictions. According to researchers [19], the COVID-19 pandemic has led to the active
use of web 2.0 technologies to disseminate pandemic statistics, global health issues, and
vaccine development [83]. Health sciences publishers have also shifted towards web 2.0
platforms to enhance their research output. ICT technologies and web 2.0 technologies were
already used in e-health, telemedicine, and other popular forms of digital healthcare [84].
A survey in health sciences research has revealed that peer review, social media promotion,
and open access are key factors in producing impactful research publications [85]. It shows
that web 2.0 technologies are becoming a trend in health sciences academia, like other
business sectors. For example, if traditional health education institutions were not ready
to use classical e-learning systems for researchers’ development and research production
during the COVID-19 emergency, it does not mean that health sciences institutions stopped
their function. Astonishingly, advanced health sciences institutions worldwide exploited
the readily available new technologies and web 2.0 technologies under practice for their
researchers’ development and research productivity, which resulted in the development
of vaccines for COVID-19 in record time, such as Pfizer-BioNTech, Oxford-AstraZeneca,
Sinopharm BIBP, Moderna, Janssen, CoronaVac, Covaxin, and Novavax. The health sci-
ences industry did not only use new technologies for innovation and research, but higher
education vocational-health sciences institutions also used new technologies to continue
the education and research process.
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Third, this research found the influence of web 2.0 technologies usage on research
productivity. The results supported H3: web 2.0 technologies significantly and positively
influenced postgraduate vocational-health education students’ research productivity dur-
ing COVID-19. The results of the research coincide with prior studies [86]. Rapid use of
surveys enabled researchers to gain knowledge about the pandemic’s effects. Video con-
ferencing technologies such as Skype and Zoom helped postgraduate researchers conduct
qualitative interviews [13]. Collaborative technologies, such as Wikipedia and Statpedia,
helped early-career researchers gain basic knowledge [87,88]. Researchers shared audio,
video, and data files through social media [88,89]. Overall, we concluded that using web
2.0 technologies is essential to enhance postgraduate vocational-health education students’
research productivity during emergencies.

Fourth, our study measured a mediating role of web 2.0 technologies usage in the
relationship between RC of the vocational-health education students and RP during the
COVID-19 pandemic. Results showed web 2.0 technologies positively and significantly
mediate the relationship between research competences and research productivity, sup-
porting H4. The previous research findings also confirmed the relationship between RC
and RP through web 2.0 technologies [33] among vocational-health education students [90].
Similarly, results showed that research skills help enhance research productivity among
vocational-health education students through web 2.0 technologies [91]. The plausible
reason for the positive influence of research competences on research productivity through
web 2.0 technologies is because the rapid use of social networking sites improves the
research productivity during the COVID-19.

6. Conclusions

This study makes a theoretical contribution by introducing an RDF competence frame-
work through the lens of information literacy, with a focus on the use of web 2.0 tech-
nologies. This research has broader theoretical implications in terms of linking research
competences with the research productivity of postgraduate students, through the use
of web 2.0 tools. The development of postgraduate students’ research competences may
include research governance, knowledge and intellectual abilities, personal effectiveness,
and engagement and influence, which are linked with the use of web 2.0 technologies such
as communication tools, media tools, management tools, and collaboration tools. Finally,
this study adds to the understanding of the mediating role of web 2.0 technologies between
RDF-based competences and research productivity.

7. Practical Implications

Web 2.0 technologies and research competences were key predictors of research pro-
ductivity among postgraduate vocational-health education students during the COVID-19
pandemic. There are multiple implications for various stakeholders, such as supervisors,
researchers, and vocational-health education policymakers. We have viewed RDF through
the lens of information literacy with focus on web 2.0 technologies. First, universities
should devise a research competence development policy of the early researchers for the
utilization of web 2.0 for research purposes. Second, the research supervisors should
encourage and guide the students on using web 2.0 technologies to improve their research
productivity. Third, vocational-health education policymakers at the university should
revise their policies and allow their research supervisors to supervise their students using
various web 2.0 technologies, which ultimately improve research productivity among the
students. Vocational-health education institutions may devise their instructional designs
to train novice researchers; collect data through information management tools such as
Monkey surveys, Google docs, and Qualtrics; use information management tools such as
Mendeley and Endnote; communicate with researchers and other relevant persons through
communication management tools such as Google meet, Zoom and Skype; collaborate for
knowledge seeking through collaborative tools such as Wikipedia and Statepedia; share
the research tasks through multimedia tools such as audio, video and images. Finally,
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the setting research competences frameworks through the lens of information literacy for
the use of web 2.0 technologies would enhance the research productivity of the novice
researchers during or post pandemic crisis.

8. Limitations and Future Research Direction

Limitations of this study include focusing only on postgraduate vocational-health
education students in Pakistan. To better understand the phenomena under study, we
suggest conducting further research that includes different disciplines from higher educa-
tion. Additionally, the study relied on a cross-sectional and self-report method to collect
data. Future studies could use a mixed-methods approach and interview techniques to
gain a more in-depth understanding. Experimental studies could also be conducted by
designing different web 2.0 interventions for developing research competences among
early career researchers. This study explored the mediating role of web 2.0 technologies in
the relationship between research competences and research productivity. Future studies
could consider factors such as research attitudes, research facilities, and the role of mentors
in enhancing research productivity in vocational-health education.
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