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ABSTRACT Media convergence is considered an effective way to alleviate the decline of traditional media
audiences. Although media convergence has nearly swept through the world’s foremost traditional media,
studies reflecting its effects on individuals at the micro level are lacking. Therefore, this study established a
multidimensional perceived media convergence scale to measure the actual perception of media convergence
from the audience’s perspective. To achieve this, a comprehensive field survey was conducted in a county
in southwestern China, yielding a sample of 966 participants. Study 1 used exploratory factor analysis and
a multidimensional graded response model (MGRM) to optimize the item pool. Study 2 then tested the
reliability and validity of the scale using confirmatory factor analysis and a MGRM. Moreover, the entire
sample was tested and analyzed for the measurement accuracy of this scale. The final instrument contains
24 items in six dimensions: communication power, influence power, guiding power, credibility power,
political propaganda power, and service power. This study demonstrated the robustness and scalability of
the scale. Based on this scale, future research can provide a deep understanding of which groups of people
perceive media convergence in what way and conduct causal inference or mechanism analysis in conjunction
with the audience’s behaviors.

INDEX TERMS Media convergence, convergence perception, multidimensional graded response model,
scale development.

I. INTRODUCTION
With the widespread use of the Internet and online tech-
nologies, media convergence is considered a comprehensive
transition process and a response by traditional media to
the challenges posed by new media. As of July 2022, the
number of new media Internet users worldwide was over
5 billion, representing 63.1% of the world’s population [1].
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The emergence of new media has gradually enhanced the
interactivity of social information transmission, which leads
to a decline in the number of audiences and participation
of traditional media [2]. This phenomenon forced the
traditional media to gradually adapt to the changes of the new
media environment through reform and gave birth to the
convergence of traditional media and new media.

Media convergence is the strategic amalgamation of
traditional media, encompassing television, radio, and news-
papers, with emerging media channels like the Internet,
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cell phones, and other intelligent terminals, operating within
diversified transmission modes [3]. This intricate process
involves the integration of previously distinct technologies,
industries, and content formats into a cohesive and intercon-
nected system [4]. By sharing resources, centralizing pro-
cessing, and utilizing various platforms, media convergence
facilitates the dissemination of different forms of information
to audiences [5]. The impetus behind media convergence lies
in technological advancements and consumer behavior shifts,
fostering a seamless and integrated flow of information and
entertainment across diverse media channels.

Regions increasingly are gradually engaging in the media
convergence process, and China is an interesting case to
learn from. Recognizing the declining power of state-owned
traditional media to guide the ideology of the population,
the Chinese government has elevated media convergence
to a national strategy since 2014 [6]. Driven by national
policies and the media market, the mainstream media have
integrated communication channels, such as the Internet,
mobile applications, and significant social media. In addition,
the mainstream media organized and established national-,
provincial-, municipal-, and county-level converged media
centers. The government sees media convergence as an ideal
way to transfer information from traditional media to the
Internet. Hence, the authority of traditional media and the
communication flow of new media can be combined to guide
public opinion in the right direction [7]. The media has also
become an important channel for the Chinese Communist
Party and the government to reach and serve the masses,
partly explaining the high level of citizen cohesion [8]. Par-
ticularly during the COVID-19 pandemic, converged media
played a big role in communicating epidemic prevention
measures and national policies owing to activity restrictions
and the need to maintain distance [9]. With the completion
of the construction of the converged media center, the focus
of research in recent years has shifted from how to promote
the development of media convergence to the actual impact
of media convergence on the audience.

Media convergence has allowed the media to penetrate
deeply into people’s lives. However, does the public realize
the impact of media convergence on themselves? The audi-
ence comprises individuals with different characteristics, and
media convergence research largely ignores how individuals
perceive media convergence. Media convergence has given
the media new functions and attributes, particularly in
China, where the government has pinned hopes on news
dissemination, public service, and political advocacy [10].
The lack of individual measurements of audience perceptions
of media convergence may lead to incomplete excavation and
understanding of this emerging trend.

Therefore, this study aims to develop and verify a unique
audience-perceived media convergence scale (PMCS), which
measures individuals’ actual perception of media con-
vergence in the context of Chinese media convergence.
The possible marginal contribution of this study mainly
includes the following two aspects: From the perspective

of theory and management, the constructed scale will be
helpful for further research on media convergence. Examples
include assessing the effectiveness of measures to improve
audience perceptions of media convergence and further
exploring the impact of media convergence on audience
social behavior. From the research methodology perspective,
this study followed the scale development process [11] and
combined exploratory factor analysis (EFA), confirmatory
factor analysis (CFA), and item response theory (IRT)
methods for scale verification. Through the combination of
linear and nonlinear measurement models, this study aim
to leverage the strengths of each technique to complement
and validate findings from the other. This integrative strategy
enhances the overall reliability and validity of our analyses,
ensuring a more comprehensive and accurate depiction of the
underlying structures and dynamics in the data.

In the next section, this study introduces the relevant
conceptual background of media convergence and explains
the meaning of each initial dimension of perceived media
convergence. Following the rigorous scale development pro-
cess, we derive a measurement scale for PMCS. Specifically,
this study verifies the structure and validity of the scale
through a random survey of residents in a county of Guizhou
Province in southwest China. Finally, we discusses the results
and concludes the study.

II. CONCEPTUAL BACKGROUND
A. CONCEPT AND DEVELOPMENT OF MEDIA
CONVERGENCE
One of the challenges of studying media convergence is that
the concept is so broad and has multiple meanings [12].
The term convergence was first proposed by [13], and its
definition has been expanded with the development of com-
munication technology. Representatively, media convergence
is defined as a phenomenon involving the interconnection of
information and media content resulting from digitalization
and computer networking [14]. Specifically, convergencewas
the merging of old media (traditional media, such as mag-
azines, newspapers, television, and radio) with new media
to produce and distribute content [15]. Nonetheless, media
convergence was not just a simple combination of traditional
media and digital technology but also a convergence of
five categories: ownership, tactical, structural, information,
and presentation [16]. From a macro-perspective, media
convergence was the change in social formats. In other words,
the reintegration of media from different dimensions uses
digital technology as the original technological platform to
form a globalized, rising network society, and the media
organization would be a node in the network.

Convergence refers to a multidimensional process involv-
ing technological, economic, social, cultural, and policy
dimensions [17], but not an endpoint. Reference [18]
proposed a convergence continuum model, which roughly
describes the five stages of the media convergence pro-
cess: cross-promotion, cloning, coopetition, content sharing,
and full convergence. Cross-promotion was the level of
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cooperation between two media to introduce media content
to each other. The competition was a stage where media
entities cooperate and compete simultaneously based on
cultural differences. Content sharing allowed two differ-
ent media to share content by repackaging the collected
information. Finally, full convergence meant that different
media cooperated fully in content collection, production,
and distribution to jointly plan, report, and produce news
stories. Particularly in China, in the past 20 years, with
the promotion of the government and information industry,
traditional media and new media have gradually carried out
joint content production and committed to developing the
full convergence stage. However, unless research accepts
the association among the ideological function, government
policy, and convergence, any understanding of this topic in
the Chinese context will be skewed or meaningless [10].

B. PERCEIVED MEDIA CONVERGENCE FROM THE
AUDIENCES’ PERSPECTIVES
Media effects occur at the micro level through the cogni-
tive processes of individuals as they receive and process
information [19]. Thousands of empirical studies have been
conducted on the effects of media on children and adults [20].
In general, media effects are often described as cognitive,
affective, or behavioral [21]. Cognitive effects reflect what
people learn throughmedia, howmedia content is constructed
in people’s brains, and how people’s needs for information
are met [22]. Affective effects include the formation of
attitudes or positive or negative evaluations of something
that produces an emotional response to media content in
people [23]. Behavioral effects are observable behavioral
changes produced by exposing people to media [24], [25].
However, in the context of media convergence, capturing the
actual audience perception of media effects fully is difficult
for traditional comparative analyses based on content and
survey results. First, content analyses cannot encompass
all communication channels that may affect audience per-
ceptions, particularly the increasingly popular social media
platforms [26]. Second, compared with the unidirectional
output of traditional media, new media enable audiences
to interact and share freely. Therefore, this study provides
individual-level specific descriptions of media convergence
perceptions to understand how media convergence affects
audiences for a robust measurement system in media
convergence.

As China develops its characteristic media convergence,
the country also proposes core indicators to measure the
dynamics, role, and effectiveness of news and public
opinion production and dissemination. The construction
of converged media follows the development guide of
communication, guiding, influence, and credibility power,
which is directly related to the survival and development
of Chinese mainstream news media itself [27]. Moreover,
they seem to be relatively independent, but complementary to
each other. Communication power measures the ability of the
communication subject to achieve effective communication,

intending to influence the public, reflecting the potential
impact of the communication subject on society, individuals,
and the formation of public opinion. Guiding power is the
guidance of the communication subject through a variety of
channels of public opinion; the correct guidance of public
opinion can ensure that the communication subject does
not deviate not only from the ideological fundamentals but
also from the front to guide the formation of a positive
public opinion of the audience toward the direction of
the positive. Influence power refers to the ability of the
communication subject and its published content to influence
the audience’s thoughts, behaviors, and attitudes, which is
the key to obtaining good social benefits from integrated
media. Credibility power is the key to the construction of
converged media, the communication subject’s ability to gain
the audience’s recognition and trust.

Enhancing the power of political propaganda and public
service is the inherent requirement and inevitable direction of
the construction of integrated media [28]. UNESCO pointed
out that ‘‘media are essential for transparency, accountability,
and participation in governance.’’ Policymakers may use
information asymmetry to their advantage [29], and good
information dissemination can be used as a means of voter
coordination to improve the electoral system. Converged
media will gradually become an ‘‘incremental’’ way to
enhance political propaganda by publicizing national poli-
cies, interpreting current political events, and releasing public
government information. In addition, the converged media
centers have been positioned as a comprehensive service
platform. Currently, most converged media centers set up
convenient channels for the government and institutions
to provide government services, recruitment, and commu-
nication services for their audiences. Media convergence
broadens the channels for the public to do business and obtain
information and enhances the public’s recognition of the
place, improving public service levels.

An important contribution of this study is that the
study combines the functional positioning of existing con-
verged media centers in measuring the media convergence
perception by the audience. This study adds two more
dimensions, that is, political propaganda power and service
power, to the emerging four dimensions of communication,
influence, credibility, and guiding power that have already
been proposed. Although Chinese scholars have conducted
much research on the four powers, most of them are
from a theoretical perspective, and no relevant measurement
research has been carried out at the individual level.
Assessing the construction quality of converged media from
the audience’s point of view is complicated. On the one hand,
many human and material resources should be organized
for field research. On the other hand, the converged media
center has just covered the whole country, and no unified and
standardized measurement tool exists. This study examines
the concept of perceived media convergence effect from the
six dimensions mentioned above to provide a new perspective
for media convergence research.
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III. METHODS
This study combined CTT and IRT to examine the PMCS
(Figure. 1). EFA and CFA are based on CTT, whereas
Multidimensional Graded Response Model (MGRM) is
based on IRT.

During instrument development or when no prior beliefs
about the dimensionality or structure of an existing instru-
ment, an EFA should be considered to investigate the factorial
structure of the instrument [30]. Although sufficient prior
theory exists, EFA with a promax rotation was conducted to
clarify the main influence factors of latent variables to verify
whether the dimensions of actual data met the predictions.
This study employed multiple criteria to guide our factor
extraction process [31]. These criteria encompassed parallel
analysis, which aids in identifying the number of meaningful
factors, adherence to the Kaiser-Guttman rule (wherein only
factors with eigenvalues surpassing 1 are deemed crucial for
extraction), and consideration of the theoretical implications
associated with the identified factors [32]. Deciding upon the
deletion of items, in general, is considered meaningful when
the factor loading exceeds 0.40. This study took additional
stringent measures to set the load threshold at 0.50 [33].
Items with loadings on a single factor and commonality
less than 0.5 were omitted, including those with large
cross-loadings.

After an instrument has been developed and validated,
a basic understanding of the tool’s dimensions and which
indicators should be loaded into which factors is generally
obtained. CFA was then applied to assess consistency
between data and structures [34]. In CFA, rotation and
uncertainty were not considered because the scale was fixed
by setting the univariate loading of each factor or the variance
of the factor to 1. In addition, cross-loadings between
items and non-target factors are assumed to be precisely
zero. During scale development, if a first-order CFA model
determines the multidimensional structure of the data, then
the usual next step would be to use a second-order CFAmodel
to identify the possibility of further generalization [35]. The
second-order measurement model implies a causal flow from
the main construction to the first-order factors. This case also
helps assess the structural relationship between the construct
and the underlying sub-constructs [36]. Similar to EFA,
the systematic fit assessment procedure is determined by
meaningful satisfactory thresholds.

Unlike CTT, IRT analysis provides the relationship
between an individual’s item responses (item discrimination
and item difficulty) and underlying latent traits [37]. Under
the CTT framework, measurement precision is assumed to be
constant across the scale score continuum. In IRT, however,
the estimated conditional standard error is provided for
each individual and can vary across the score continuum.
One of the most commonly used models for polytomous
data generated from Likert-type item responses is the GRM
proposed by [38]. GRM simulates the probability of a
given response category or higher by following the same
order as the response options. In GRM, each response

category provides some information about the probability
of a person choosing a particular response category. GRM
creates K − 1 dichotomous term by cumulatively splitting
response categories for an item with K -ordered response
categories. Each of these artificial dichotomies has a unique
difficulty parameter but shares the same discrimination
parameter.

IRT is typically used to model unidimensional data.
However, most measurement evaluations tend to measure two
or more latent traits or dimensions, for which researchers
have proposed different multidimensional item response
theory (MIRT) models [39]. MIRT models explain the
probability of a correct response to a given item as a function
of a vector of latent traits instead of a single latent trait.
These models are classified into two structures: between-
item and within-item multidimensional modeling [40].
As each item of the scale in this study measures only one
dimension, a between-item MIRT model is applied, which
simultaneously accommodates data from multiple different
dimensions, in much the same way as the related trait
model in CFA. An important advantage of the MIRT model
over several separate unidimensional IRT models is that
the internal structure is explicitly considered, which allows
for borrowing strength from other dimensions to aid in the
estimation of item parameters, correlations, individual scores,
and precision around scores [41]. Particularly when there are
few items in each dimension and the sample size is not large,
calculating the item discriminant parameters will be difficult,
and the advantages of MIRT are prominent.

This study referred to the classical scale development
procedures proposed by Rossiter [42], which were adopted
by DeVellis and Thorpe [43] to develop an accurate and
reliable PMCS. The creation of a robust scale involves
three key stages: item development, scale development, and
scale validation (Figure. 1). In the initial item development
stage, the primary focus is on proposing the initial scale
and assessing the clarity and content validity of the scale
questions. The second stage, scale development, entails the
extraction of potential factors and the reduction of scale
items. This process involves employing EFA and a MGRM
to assess the scale structure and eliminate redundant items.
The last stage is scale validation, which tests the dimension,
reliability and validity of the simplified scale in the second
stage. This validation process utilizess CFA and a MGRM
to ensure the rationality and robustness of the refined scale.
In the second and third stages,the MGRM also served as
a supplementary tool to provide specific information about
the items in each dimension, enhancing the robustness and
effectiveness of PMCS [44].

IV. ITEM DEVELOPMENT
A. CONSTRUCT SPECIFICATION AND ITEM GENERATION
The initial stage included specifying structural dimensions
and generating an item pool for the PMCS. Inductive and
deductive approaches were adopted to construct the perceived
media convergence concept [45]. Converged media centers
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FIGURE 1. The scale development framework.

are unique to China and have just emerged in recent years,
except for referring to media converged effects literature.
Hence, we sort out many studies on communication, psy-
chology, and other associated fields to grasp the perceived
media convergence concept in a detailed and comprehensive
way. The PMCS constructs into six dimensions based on [46]:
communication, influence, credibility, guiding, service, and
political propaganda power.

The item pool was generated through communication
with five professionals from county-level converged media
(CLCM) centers and the refinement of theoretical research.
The five professionals have worked in CLCM centers for
more than three years and are very familiar with the research
topic. They cited the work contents of CLCM and the services
they can provide for the audience, which were helpful to com-
plement the insights summarized from previous theoretical
studies. Each expertise was interviewed for approximately
1–2 h, and the interviews were voice recorded. After the
interviews, three research team members with specialists
in qualitative research executed the content analysis of the
interview texts, which resulted in the initial applicability
items. A total of 42 items remained for subsequent analysis by
screening the text, removing duplication and redundancy, and
extracting keywords and phrases, combined with the existing
theoretical research.

B. CONTENT VALIDITY
The content validity of the items was assessed qualitatively
and quantitatively before entering the item reduction phase
of scale development. A panel of six communication and
sociology scholars was invited to assess the clarity of
items, considering content, structure, and wording, with
the intention of making adjustments or removing redundant
items. Following a comprehensive qualitative evaluation by
the expert panel, four items unanimously identified as having
poor clarity were removed. As a result of this refinement
process, the initial version of the PMCS was reduced
from 42 to 38 items. Then, experts rated items on a five-point
Likert scale based on the relevance of each item to the
topic, with 1 = not relevant and 5 = very relevant [47]. The
content effectiveness index (CVI) was calculated for each
entry, which is the proportion of experts that rated the item
with a score of 3 or 4 [48]. A CVI greater than 0.78 was
considered acceptable [37], and all items met this criterion.
Therefore, 38 items were retained after the process.

C. SAMPLE AND PROCEDURE
The questionnaire survey in this study adopted two forms: an
online survey and an offline paper survey. The offline field
survey team consists of six Ph.D. students with extensive
experience in the on-site survey. All six Ph.D. students
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TABLE 1. Descriptive statistics of expert ratings.

can fluently speak both Mandarin Chinese and the local
Guizhou dialect. They went to distribute questionnaires in
Guizhou Province of China, including Shuangshan Town,
Muge Village, Xiaoba Village, and Pulu Village, where many
people use CLCM, are the targeted sampling population of
this study. Participants were informed that these data were for
research purposes only and that care was taken not to expose
participants to any risk or burden.

The questionnaire consisted of two parts. The first part was
related to the 38 items generated in the prior step. A five-point
Likert-type scale was used, where ‘‘1’’ represents ‘‘entirely
disagree’’ and ‘‘5’’ represents ‘‘entirely agree.’’ The socio-
demographic characteristic information of interviewees was
captured in the second part. In addition, there was an
additional question about whether respondents have used
CLCM before, which is essential for the following data
analysis.

In July 2021, 966 questionnaires were received, of which
428 were online and 538 were filled in the offline paper.
During the sample cleaning process, We initially removed
a total of 153 incomplete or identical data entries. Subse-
quently, we addressed potential response biases stemming
from carelessness or insufficient effort (C/IE). Follow-
ing a methodology inspired by Merino-Soto et al. [49],
we employed Mahalanobis distance (D2) and identified the
longest sequence of equal responses (longstring) to detect
instances of C/IE. The longstring method flagged 23 cases,
while D2 pinpointed 37 cases. For the refined ‘‘clean’’
database, responses from these 60 participants were omitted,
resulting in a final dataset comprising 753 data entries. The
demographic results showed that the gender ratio of partici-
pants was 38.2% (female) to 62.8% (male). Considering the
no specific age requirement for the respondents in this study,
the age range of the respondents was relatively wide ranging
from 16 to 90 years old, and 53.1% of the respondents were
over 40. Respondents with junior high school education and
below accounted for 63.8% of the sample, whereas those with
a bachelor’s degree only accounted for 14.5%.

In the subsequent scale verification analysis, the survey
data underwent random division into two subsamples,
each consisting of an equal volume of data. Subample A
comprises 376 observations, while subsample B includes
377 observations. Specifically, subsample was designated for
the EFA, whereas subsample B was allocated for the CFA
validation. This division facilitates the use of the second
subsample as a retention sample for evaluating the fitness of
each item [50].

V. STUDY 1: SCALE DEVELOPMENT
The primary aims of Study 1 were to (1) investigate the
validity and reliability of the PMCS by evaluatingwhether the
measurement items are consistent with the expected structure
and (2) select the items within each dimension through EFA
and IRT to form a short reliable scale.

A. EXPLORATORY FACTOR ANALYSIS
EFA with principal axis factoring (PAF) was conducted
to explore the latent factor structure with subsample A.
The Kaiser-Meyer-Olkin measure was 0.95, exceeding the
recommended cut-off value of 0.6 [51], and Bartlett’s test
of sphericity was significant (χ2

= 8572.98, p < 0.001).
This result indicates that the relationship between the PMCS
items was strong enough to conduct factor analyses, and the
EFA is an appropriate method to deal with the data [52].
An exploratory analysis yielded six eigenvalues greater than
one. As the ratio of the first to the second eigenvalue is
enormous, a solid general factor and five further factors are
evident. During parallel analysis, seven eigenvalues of the
actual dataset were identified as exceeding their counterparts
in the simulated dataset. This result advocates for the
retention of seven factors. It is imperative to underscore that,
notwithstanding the influence of statistical considerations,
the determination of the final number of factors necessi-
tates meticulous contemplation of theoretical and practical
implications. Therefore, a solution comprising six factors was
derived, considering Kaiser’s criterion, which entails retain-
ing factors with eigenvalues surpassing one, in conjunction
with parallel analysis and the overarching criterion of factor
interpretability.

For a comprehensive review of the scale and the creation
of a more concise scale project, 13 items were removed
due to factor load thresholds and commonality below 0.5,
aligning with established literature practices [53]. After
deleting these items, Cronbach’s alpha coefficients of the
PMCS ranged from 0.83 to 0.89, and the total reliability
Omega coefficient of the scale was 0.95, demonstrating high
internal consistency of obtained scores and reliable results.
A final six-factor model was formed, with the remaining
25 items accounting for approximately 61% of the total
variance.

B. ITEM RESPONSE THEORY
1) ASSESSING INTERNAL STRUCTURE AND MODEL-DATA FIT
Using subsample A, CFA showed an approximate model fit
of the six-dimensional model, χ2

= 439.022, p < 0.001,
χ2/df = 1.85, SRMR = 0.035, and all absolute residual
correlations were lower than 0.2. The dimensionality and
local independence assumptions of IRTwere deemed tenable.
Additionally, this study focused on the item residuals to
assess model-data fit. The absolute value of the residual of
the individual item less than 2.5 usually indicated that the
model data fit well [54], and all the items of the PMCS met
this criterion.
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TABLE 2. Exploratory factor analysis of the PMCS.

2) ESTIMATED ITEM PARAMETERS AND DIF
A MGRM [55] was fit to the 376-person estimation
subsample A. Discrimination ai and threshold bj parameters
are the most commonly used parameters in the IRT model.
Items with high discrimination values are better indicators of
an underlying trait than those with low values [37]. In this
study, discrimination parameters of all items ranged from
1.98 (CR1) to 3.52 (CO3), which means items tended to have
varying degrees of association with different latent traits.
Threshold parameter bj is defined as the location point on
the θ scale at which the probability is 50% that the result
will be in some higher category than j [56]. Thresholds are
well distributed, with all items having some positive and
negative thresholds, but no disordinal or reversal bj was
found, indicating that the items are spread over the continuum
of the scales.

This study investigated gender differential item function-
ing (DIF) for each item in PMCS. The invariance of intercepts
(uniform bias) parameters was verified through the likelihood
ratio test. This analysis, rooted in the quest for fairness and
equity across gender groups, serves to pinpoint potential
biases in test items that may disproportionately affect one
gender. DIF occurs because of a conditional dependency
between group membership of participants (e.g., male versus
female) and item performance after controlling for the latent
trait [57]. Items exhibiting statistically DIF, indicated by
a significant Chi-square statistic with a threshold of 0.05,

TABLE 3. MGRM parameter estimates of the PMCS.

were duly identified and reported. The results indicated that
in different groups only item SE5 showed significant DIF.
After deleting item SE5, the final abbreviated 24-item scale
was formed, which conformed to the initial design of the
scale.
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C. CONCLUSIONS OF STUDY 1
The results from Study 1 indicated that the items used
in this study to measure perceived media convergence can
be identified as six dimensions: communication, influence,
guiding, credibility, political propaganda, and service power.
Furthermore, a total of 14 items were deleted from EFA
and MGRM analysis to obtain a streamlined scale with an
acceptable fit. Therefore, based on a literature review, expert
judging, and exploratory study, the first-phase results provide
a preliminary reliable, valid, 24-item scale as a basis for the
follow-up analysis.

VI. STUDY 2: SCALE VALIDATION
The objective of Study 2 was to investigate whether the
findings from Study 1 would generalize to a new sample
(subsample B) and verify the reliability and validity of the
scale.

A. CONFIRMATORY FACTOR ANALYSIS
1) THE FIRST-ORDER CFA
The results of the CFA with subsample B (N = 377)
confirmed the results from Study 1. The goodness of fit
for the six-factor model was primarily evaluated using the
rotated component matrix from EFA as an input with the
maximum likelihood solution. A measurement model was
built, and frequently used goodness of fit indices were
examined. Construct reliability of the developed scale was
evaluated using Cronbach’s alpha and composite reliability
(CR). CR reflects the internal consistency between all the
items measuring that specific construct. All the values of CR
and Cronbach’s alpha were above the common threshold of
0.70, indicating good internal consistency and reliability.

The chi-square test results indicated a poor model fit, with
a large chi-square statistic (χ2

= 432.156, df = 237,
p < 0.001). For large samples, the chi square test of model
fit may erroneously reject a valid model. Thus, the χ2/df
ratio was recommended to sufficiently evaluate model fit and
values (χ2/df = 1.82) less than three suggested a moderate
model fit [58]. Various commonly employed goodness-of-fit
indices, such as Comparative Fit Index (CFI), Goodness of
Fit Index (GFI), Root Mean Square Error of Approximation
(RMSEA), Tucker-Lewis Index (TLI), and Incremental Fit
Index (IFI), were assessed to validate the scale structure.
Generally, it is recommended that CFI, GFI, TLI, and IFI
exceeding 0.90, along with an RMSEA below 0.08, indicate
an acceptable fit. As a result of CFA, most indicators were
higher than 0.95 (CFI = 0.961 ≥ 0.95, GFI = 0.914 ≥

0.9, TLI = 0.955 ≥ 0.95, IFI = 0.961 ≥ 0.95),
and RMSEA was less than 0.05 (RMSEA = 0.047 ≤

0.05),indicating that themodel was found to be a good fit with
the observed data. A quantifiable way to describe convergent
validity is to consider each scale item as a different method
of measuring structure and determine whether all items
converge. Therefore, the item factor loadings were examined,
and all the standardized loadings were above 0.6 (Figure. 2).

Moreover, AVE is considered a consistentmeasure to evaluate
convergent validity. As suggested by [59], the AVE value of
all six factors exceeded the cut-off value of 0.5, and the CR
was greater than AVE. The normed fit index (NFI=0.918 ≥

0.9) also indicated the good convergent validity of the
scale [60].

2) THE SECOND-ORDER CFA
The PMCS scores are assumed to be fully represented by a
hierarchical factorial structure to test the construct validity of
the measuring instrument. The first-order six factors could be
greatly explained by a single broader dimension of perceived
media convergence. Moreover, the first-order CFA results
showed that in addition to the credibility dimension, other
dimensions had a high degree of correlation. For these
reasons, the second-order factor analysis was performed to
examine whether all the factors fitted the general concept of
‘‘perceived media convergence.’’
All goodness-of-fit statistics of the second-order six factors

model were acceptable with the following values: χ2/df =

1.85, CFI = 0.959 ≥ 0.9, GFI = 0.910 ≥ 0.9,
RMSEA = 0.048 ≤ 0.05, TLI = 0.953 ≥ 0.9, IFI =

0.958 ≥ 0.9. Although this solution did not improve the
first-order model fit, the appropriateness of the hierarchical
structure of the model, with a single second-order factor
and six first-order factors, was assessed based on the factor
loadings. The magnitude of factor loadings showed that the
first-order factors loaded significantly on the second-order
factor, and the standardized factor loadings were greater
than 0.6 for all the items (Figure. 3). Moreover, service and
political propaganda were the dimensions most similar to the
second-order factor. By contrast, credibility had the weakest
relationship with the perceived media convergence factor.
Thus, the PMCS is established as a second-order factor that
is determined by the six first-order factors.

3) THE BI-FACTOR MODEL
The examination of a bi-factor model aimed to determine
whether the integration of general and specific factors,
totaling six in number, offered a more succinct and accurate
portrayal when contrasted with alternative models. This
approach facilitated a simultaneous investigation into the
influence of both general and specific factors on the
formation of indicator variancewhile evaluating the structural
plausibility of the model. Specifically, the bi-factor model
comprised 24 items loading onto their respective factors.
Additionally, it incorporated the general factor of the PMCS,
which maintained orthogonality to the specific factors. The
comparative analysis involving first-order CFA, second-
order CFA, and the bi-factor model served to establish
the appropriateness of the multifactor solution for the
PMCS.
The bi-factor model demonstrates a better fit compared to

the six correlated factors model (Figure. 4). The values of
fitness indices in the bi-factor were as follows: χ2/df =

1.81, CFI = 0.963 ≥ 0.9, GFI = 0.916 ≥ 0.9,
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FIGURE 2. The first-order CFA model.

RMSEA = 0.046 ≤ 0.05, TLI = 0.955 ≥ 0.9, IFI =

0.963 ≥ 0.9, NFI=0.922 ≥ 0.9. The findings affirm the
rationale for incorporating general factors in the PMCS. The
ω coefficient for the PMCS, standing at 0.96, signifies that
six factors collectively elucidate 96% of the variance in
the total PMCS score. This study also explores the model’s
Percent of Uncontaminated Correlations (PUC), Explained
Common Variance (ECV), Proportional Reduction in Mean
Squared Error (PRMSE), and Average Relative Parameter
Bias (ARPB). The results show PUC=0.610, ECV=0.950,
PRMSE=0.998, ARPB=0.039. Although the PUC index is
slightly low, the combination of these indicators suggests
that the bi-factor model has a good fit. The general factor is
highly effective in explaining common variance, and there is a
good distinction between specific factors and general factors.
Within the bi-factor model, each item is loaded onto both a
general factor and its respective specific factor, providing a
rationale for the dimensional structure of the PMCS scale.

After our analysis, all three models demonstrate a favor-
able goodness of fit. To pinpoint the most suitable model for
future comprehensive scoring studies of the PMCS scale, this
study compared the AIC and BIC of these models. Although
the AIC values among the models show little variance, the
BIC, which accounts for model complexity’s impact on
goodness of fit, became the deciding factor in our model
selection process. Notably, the second-order CFA model

emerged with the lowest BIC value among all candidate
models, aligning with our expectations for the scale structure.
Consequently, after careful consideration, the second-order
CFA model was chosen for practical applications and
research.

B. ITEM RESPONSE THEORY
The final scale with 24 items met most of the requirements
of the MGRM. All items fit the model and exhibited suitable
discriminations within the observation trait range. However,
some small measurement issues in the scale had not been
identified in the first stage of Study 1. CR3, CR4 and CR5
showed a high difficulty parameter, which slightly exceeded
the usual value range of −3 to 3. The issues could be because
of the differences in the individual characteristics of the
sample. DIF analysis revealed that among gender categories,
only SE4 exhibited noteworthy variations in participants’
responses to the test questions.

C. FURTHER VALIDATION OF ALL SAMPLES
All samples were obtained simultaneously through a ques-
tionnaire survey, and subsamples A and B were randomly
divided among all samples. Hence, various randomly divided
subsets might create different model results, and unbalanced
sample allocation may also lead to changes in the structure
and items of the scale. Therefore, this article retested the full
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FIGURE 3. The second-order CFA model.

TABLE 4. MGRM results of the final scale.

sample to verify the rationality of the scale structure obtained
above.

The results of the CFA confirmed the results from
Studies 1 and 2. All goodness-of-fit indicators of the full
sample exceed the required thresholds and were better than
those of subsample B. Moreover, discriminant validity was
checked by comparing the square root of the AVE and the
inter-correlation of each construct. The results indicated good
discriminant validity between the factors (Table 5).
The MGRM analyses yielded an item-person map by

dimension. The output of the item-person map provided a
visual estimate of the latent trait, item difficulty, and each
dimension in the sample, which presented the location of
respondents and items on the same scale (Figure. 5). Items
were ranked in the right-hand column by difficulty, with
the first two digits indicating the number of items and the

digit after the decimal point representing the number of four
threshold parameters of each item. Each dimension had its
column with estimates of the respondents’ abilities. Items
were well dispersed around themean, and the item difficulties
appeared to be well matched to levels of the latent trait.
Furthermore, based on the means of the dimensions ranging
from −0.019 to 0.005, all dimensions did a good job of
representing all levels of these types of motivation [61].

In addition, for the results of the MGRM based on all
samples, this study also focused on empirical reliability and
measurement precision. The empirical reliabilities for the six
dimensions ranged from 0.82 to 0.87. Measurement precision
is generally considered to depend on the expected a posteriori
(EAP) score and is most useful when it is consistent across
the trait continuum. According to [41], the measurement
error might not depend on EAP scores, and this study
found the same result. Figure. 6 shows that the amount of
measurement error did not strongly depend on EAP scores
for the center of the distribution between −2 and 2 for
all dimensions. However, for the communication, guiding,
and service dimensions, the measurement error distributions
of the samples were scattered when the EAP scores were
less than −2. This result indicates that the accuracy level
of these dimensions was not stable enough for respondents
with low scores. In other words, these scales could work
greatly for respondents with high scores. Furthermore, the
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FIGURE 4. The bi-factor model.

TABLE 5. Reliability & validity.

FIGURE 5. The item–person map.

communication and credibility dimensions tended to have
a slightly large wide variability in standard errors across

the EAP score continuum. This result implies that although
these two dimensions have acceptable levels of credibility and
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FIGURE 6. Standard error of estimates with estimated expected a posteriori scores (Rel = marginal reliability for selected levels).

measurement precision, individual scoresmay bemore or less
precise.

D. CONCLUSIONS OF STUDY 2
The results from Study 2 suggest that PMCS is a valid and
reliable multidimensional measure of presence. The first-
order CFA demonstrates robust reliability and validity for
PMCS, as evidenced across different subsamples used for
model measurement. The second-order CFA reveals that
the perceived media convergence factor is comprehensively
accounted for by the six dimensions outlined in the proposed
scale. This finding substantiates the generalizability of the
outcomes observed in Study 1. Furthermore, the bi-factor
model furnishes evidence supporting the notion that each
item within the reduced scale adeptly captures the essence
of perceived media convergence. Additionally, the MGRM
analysis contributes valuable insights into the quality of items
within each scale, with each subdimension in PMCS exhibit-
ing an acceptable overall fit. Of course, the subdimensions

have some acceptable minor problems, such as the difficulty
parameters of CR1 in the credibility dimension slightly
exceeding the threshold. In addition, the analysis results
of all samples now further verify the rationality of PMCS.
These results also provide information on the measurement
precision of each dimension of the scale at a specific
point. Although the measurement accuracy level of some
dimensions is not stable enough, the overall measurement
error concentration shows that the measurement accuracy is
acceptable.

VII. DISCUSSION AND CONCLUSION
This year marks the 10th year of media convergence as a
national strategy in China. Although diversified communi-
cation channels have brought a vast audience, settling the
audience is a significant challenge for the media. Moreover,
as media convergence is a rapidly and dynamically evolving
phenomenon, and everyone is exposed to converged media
to a greater or lesser extent, timely measurement of the
audience’s perception of media convergence is essential for
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the future development direction and to reflect the latest
development in the media field. Therefore, this study aims to
develop measurement tools for perceived media convergence
to provide practical bottom-up responses to perception from
the audience’s perspective. This study focuses on China’s
functional positioning of converged media, adds two new
dimensions of political propaganda and service to the four
powers, and improves the item pool of perceived media
convergence by combining theoretical research and personal
interviews.

The scale developed in this study passed strict normative
validation. In Study 1, we utilized EFA and MGRM to
examine subsample A, aiming to assess the hypothesized
structure of PMCS and streamline its items. The results not
only confirmed the anticipated scale structure comprising six
dimensions but also led to the removal of 14 redundant items.
Subsequently, Study 2 focused on validating the 24 items
identified in Study 1, affirming PMCS as a valid and reliable
measure of multidimensional presence. The second-order
CFA provided robust support, indicating that perceivedmedia
convergence could logically be explained by the six first-
order factors, solidifying the structural integrity of PMCS.
Moreover, the bi-factor model in Study 2 reaffirmed the
foundational structure of PMCS, demonstrating that each
item effectively contributes to elucidating the overarching
concept of perceived media convergence. In addition, the
service and political propaganda dimensions were highly
correlated with the perceived media convergence factor,
which echoes the underlying logic of ‘‘news, politics, and
service’’ in constructing China’s converged media. With the
public’s demand for media participation in public services
rising dramatically, mainstream media can expand the scope
of their service business while converging new media
so that the media can serve the public extensively [62].
For the political propaganda dimension, the propaganda
of politics by state-owned mainstream media can increase
citizens’ understanding and support of the political system
[63], directly affecting the public’s perception of media
convergence. Moreover, all the samples were used for further
verification, measurement errors were analyzed, and all the
results were satisfactory, which is one of the highlights of our
study.

This study provides a scientific multidimensional mea-
surement tool for the study of audience perception of media
convergence, which enriches the research in the field of
media convergence. The item pool constructed under factor
analysis and IRT dramatically improves the measurement
accuracy, reduces the redundant item, and has solid functional
scalability. Each item reflects the audience’s response to a
particular dimension. Thus, the developed scale enhances
the understanding of individuals’ cognitive and emotional
responses to media convergence.

Therefore, based on the total score of the PMCS scale,
researchers can gain a comprehensive and profound under-
standing of how audiences perceive media convergence from
an individual perspective. The scale of the study can help to

identify groups that perceive media convergence to be more
and less effective so that targeted communication strategies
can be carried out with them to realize the multiple visions
of media convergence. For rural residents, in particular, the
spread of mobile phones and the Internet has changed how
they receive information. Contrary to the findings ofWilliams
and Tkach [64], field surveys have found that many rural
youths and older people prefer short-video platforms, such
as Douyin and Kuaishou, which make their public opinion
and ideology seriously affected by new media. Therefore,
whether converged media can better guide and serve the
public can be studied comprehensively and realistically by
measuring the audience’s perception of the effectiveness of
media convergence. This case, in turn, interests policymakers
and media practitioners, who can quickly adjust their policies
and efforts based on the perception of media convergence.

VIII. LIMITATIONS AND FUTURE RESEARCH
This study has several limitations that should be mentioned.
First, this study is a PMCS developed and validated in a
Chinese cultural context, which may limit the generalizabil-
ity of the findings. Therefore, cross-cultural applicability
requires continued research. Second, in the actual survey,
as some residents cannot communicate in Mandarin. The
enquirer needs to express the questions in a specific dialect
to increase the respondents’ understanding, which may also
lead to some bias in the sample data. Thirdly, despite
the preliminary exploration of individual response bias,
a comprehensive understanding of the specific reasons behind
the inappropriate scores of certain respondents, suspected to
be invalid due to their inconsistency with the measurement
model, has not yet been achieved. This limitation is attributed
to the constraints of the current data and the research design’s
scope. To address this, future research endeavors should
expand data collection and consider the implementation of
diverse measurement models to elucidate the causes of the
discrepancy in scores among respondents and enable a more
rigorous evaluation of their validity. Finally, future research
can combine the scale with other observed behavioral data
for correlation analysis or causal inference to enhance the
scale’s usefulness and increase the reader’s understanding
of media convergence. We are open to suggestions for
replicating this study with more robust analysis in the future,
and we believe that such replication work can contribute to
a more comprehensive understanding of the model and its
applicability in this field.
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