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ORIGINALARTICLE

The Psychometrics Properties of the Iranian
Smartphone Application in Midwifery Education
Based on Rogers’ Diffusion of Innovation Theory: A
Confirmatory Factor Analysis Study

Background: The rapid growth of smartphone use has
encouraged the adoption of innovative approaches in
medical education. Theaim of this study was to design and
psychometrically validate a measurement model for the
Smart Screening System “Screen App” based on the
constructs of Rogers’ Diffusion of Innovation Theory
using confirmatory factor analysis (CFA) among
midwifery students.

Method: This cross-sectional study was conducted amo
undergraduate Midwifery students of Islamic Az
University of Mashhad in 2023-2024. Data were collected
using a researcher-made questionnaire designed based on
the five constructs of Rogers’ diffusion of innovation
theory. The content validity of the instrument was
confirmed by 13 medical education experts and four
Midwifery students. Students received detailed instructions
and a 3—7 day familiarization period before completing the
questionnaire.

Results: Quantitative face validity was evaluated using the
Item Impact Score. The results indicated that no items
required removal at this stage. Subsequently, content validity
was assessed usingthe Content Validity Ratio (CVR) and the
Content Validity Index (CVI). The minimum acceptable
values for CVR and CVI were set at 0.54 and 0.70,
respectively. CFA confirmed the good fit of the five-
construct model includes the Chi-square/degrees of freedom
ratio (y*/df = 1.49), Comparative Fit Index (CFI = 0.93),
Tucker-Lewis Index (TLI = 0.92), Incremental Fit Index
IF1=0.94) and Root Mean Square Error of Approximation
RMSEA = 0.06) within the Intelligent Screeni
Application (ISA) system, supporting the theoretic
structure.

Conclusion: “The Screen App”, as an innovative
educational tool, may facilitate deeper learning and exert a
significant educational impact on students, by
incorporating the essential characteristics of innovation.
Keywords: Midwifery students, Diffusion of Innovation
theory, Mobile smartphone applications
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INTRODUCTION

Education based on innovative methods has
become a necessity today in academic setting. The
widespread use of smartphones and the increasing
desire of youth towards using smart devices are
amongthe mostimportant reasons for this necessity
becoming a need (1). The advantagesof e-learning
and educationalapplicationson mobile phones over
traditional education methods include the absence
of educational barriers, high flexibility, no time
restrictions forlearning, and low cost (2-4).

In the field of midwifery, education on disease
screening methods—especially screening tests
during pregnancy—presents particular challenges
due to the number, complexity, and diversity of the
tests involved. Therefore, applying diverse and
interactive learning methodsis crucial for effective
training in this area. Early diagnosis and prevention
of chromosomal and congenital disorders,
particularly during pregnancy and early infancy, are
vital components of maternal and neonatal health.
Universities play a pivotal role in training
midwifery students to accurately perform and
interpret screening procedures. Among the most
important screening tests that midwifery students
must master are pregnancy screening, neonatal
thyroid screening, and prostate screeningin men, as
well as the ability to manage abnormal results
effectively (5-7). Pregnancy screenings, neonatal
thyroid screening, and prostate screeningin men are
among the most important screening tests that
midwifery students must become familiar and be
able to manage the abnormal results (5-7). Today,
there is no alternative to using smart tools for
success in education, as these tools have high
penetration in daily life (7).

Although several instrumentsand frameworks have
been developed to evaluate educational
technologies for health professionseducation, these
tools primarily assess technology acceptance,
usability, intention to use, or user satisfaction (8-
12). To our knowledge, no instrument specifically
evaluates the innovation attributes of a mobile-
based screening education application for
midwifery students based on Rogers’ Diffusion of
Innovation theory.

Evaluating the innovative aspects of this
application can help identify its strengths and
weaknesses, as well as the technical and cultural
infrastructures required for its widespread
implementation in undergraduate midwifery
education. Innovations and new educational
approaches are continually developed; however,
due to inadequate dissemination and improper
implementation, many innovations may encounter
challenges in practice, fail to be adopted, or
demonstrate limited effectiveness even when
implemented. Successful adoption  and
implementation of an innovation depend on the

extent to which it possesses the characteristics and
attributes identified by Rogers (12).

As a general principle, the greater the number of
key innovation attributes embodied in an
innovation, the greater its rate and depth of
diffusion (5). According to Rogers’ Diffusion of
Innovations Theory (1983), a substantial proportion
of the variance in the adoption and diffusion of an
innovation can be explained by five key attributes:
relative advantage, compatibility, complexity (or
ease of use), observability, and trial ability (8—10).
These constructs were therefore used as the
conceptual foundation for developing and
validating the present instrument.

The "Screen App" is a smart guide that includes
screening tests in the first and second trimesters of
pregnancy; diabetes screening, thyroid disorders,
cardiomyopathy, thromboembolism, neonatal
screening, some calculations, neonatal
anthropometry, prostate screening, and colorectal
cancerscreening.

As a rule, according to Rogers' Diffusion of
Innovations Theory, the greater the number of key
innovation attributesembodied in an innovation
Rogers’ Diffusion of Innovation theory was
selected as the theoretical framework because it is
one of the most widely used and empirically
validated theories for explaining how innovations
areadopted and disseminated within social systems.
The theory provides a comprehensive framework
for assessing users’ perceptions of an innovation
through five key attributes that have consistently
been shown to influence adoption decisions.
Accordingly, it offers a strong theoretical basis for
evaluating the innovative potential of educational
technologies such asthe Screen App.

Therefore, the present study was undertaken to
evaluate these five attributes in the Intelligent
Screening Application (ISA) as an educational
innovation, based on Rogers’ Diffusion of
Innovations Theory. The aim of this study was to
design and psychometrically validate a
measurement model for the Smart Screening
System (ISA) “Screen App” based on the constructs
of Rogers’ Diffusion of Innovation Theory using
Confirmatory Factor Analysis (CFA) among
midwifery students.

METHODS

This study was conducted in several stages. The
type of study in terms of objective was applied
research, and was cross-sectional in terms of
implementation method. All methods were
performed in accordance with the relevant
STROBE checklist.

All stages of design, construction, and graphical of
this application were carried out by the
corresponding author. To avoid conflicts of interest,
this author did not provide any intervention or
opinion to the authors and participants during the
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implementation process and was blind to any
intervention until the analysis of results.

Study population and sampling

This study was conducted among midwifery
studentsatthe Medical Sciences Branch of Islamic
Azad University, Mashhad, Iran, during the 2023-
2024 academic year. The study population included
317 midwifery students who had registered to
receive the ISA and installed it on their Android
phones, but 193 Midwifery students completed all
subjects. Considering the possibility of dropouts,all
studentswere included in the study based on census
sampling. The inclusion criteria were giving
informed consent to participate in the study and
being registered at least in the 5th semester of
Bachelor’s in midwifery. The exclusion criterion
was not returning the questionnaire within the
specified period.

Data collection procedure

Initially, a channel, named “Screen App”, was
created on the Telegram channel to communicate
with the participants. After joining the channel,
participantswere instructed on how to register and
install the software. The participants were given
three days to familiarize themselves with the
software and its use. This time was extended to
seven daysbased on the participants’ request.
Subsequently, a researcher-made questionnaire was
designed to evaluate the ISA. The instrument was
based on the five constructs of Rogers’ Diffusion of
Innovations Theory and consisted of 51 items. The
questionnaire items were developed according to
Rogers’ five innovation attributes, namely relative
advantage, compatibility, complexity,
observability, and trial ability, and were informed
by previous studies conducted on similar
educational software applications (10, 12). All
items were rated using a five-point Likert scale
ranging from “strongly agree” to “strongly
disagree."

Validity assessment

Face validity

In the next step, the validity and reliability of the
questionnaire were evaluated. Face validity was
examined qualitatively by 13 health education
specialists and 4 members of the target group. After
minor modifications, the face validity of the
questionnaire was confirmed. For quantitative face
validity, the impact score index was used, and items
with an impact score equal to or greater than 1.5
were considered appropriate. As all items were
scored above 1.5, no items were excluded at this
stage.

Content validity

The Content Validity Ratio (CVR) and Content
Validity Index (CVI) were used to evaluate content
validity. The cut-off foracceptable CVR and CVI
were 0.54 and 0.7, respectively. The CVI and CVR
were also evaluated based on the opinion of the 13
faculty members of the Mashhad University of

Medical Sciences.

The initial questionnaire was comprised of five
constructs of the Diffusion of Innovation theory
(total of 51 items). As a result, the final
questionnaire contained 28 items distributed across
the five constructsas follows:

. Relative advantage (5 items)
. Compatibility (5 items)

. Simplicity (8 items)

. Observability (5 items)

. Trial ability (5 items)

Construct (structural) validity

In the next step, the structural validity of the
questionnaire was examined based on the specific
constructs of the Diffusion of Innovation theory
using confirmatory factor analysis (CFA). The
Analysis of Moment Structures (AMOS) software
version 17, was used to perform CFA. Factor
loadings between 0.40 and 0.60 were considered
acceptable, while values greater than 0.60 were
considered highly desirable. Model fit indices such
as the Chi-square/degrees of freedom (y2/df) ratio,
Comparative Fit Index (CFI), Tucker-Lewis Index
(TLI), Root Mean Square Error of Approximation
(RMSEA), and Standardized Root Mean Square
Residual (SRMR) were used to assess the adequacy
of the model.

RESULTS

Table 1 and Figure 1 show the initial CFA model
resulting from the questionnaire items.

The result of the CFA showed that the standardized
factor loadings of all items except for 6 items,
including items number11, 17, 20,22, 23, 24, were
greater than 0.4. The 6 items with lower
standardized factor loading were removed from the
final questionnaire. Table 2 and Figure 2 show the
final modelresults.

After fitting the model, the goodness-of-fit indices
are placed in the table below. Considering all
indices, the above modelwas confirmed.

The results of the confirmatory factor analysis
(CFA), indicate that the measurement model
demonstrates a satisfactory fit to the observed data
(Table 2).

The results of the reliability are shown in Table 3.
The constructs of Relatedness, Compatibility, and
Simplicity  demonstrate satisfactory internal
consistency, with Cronbach’salpha and Composite
Reliability (CR) values exceeding or approaching
the recommended threshold of 0.70. In particular,
Simplicity exhibits the highest level of reliability (a
= 0.88, CR = 0.88), suggesting strong internal
consistency among its measurement items (Table
3).

DISCUSSION

This study aimed to evaluate the innovative aspects
of the "Screen App" screening system based on
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Table 1. Factor loading values of the questionnaire items

Item Number Item Factor Loading
Relatedness 1 0.64
Relatedness 2 0.58
Relatedness 3 0.61
Relatedness 4 0.64
Relatedness 5 0.7
Compatibility 6 0.48
Compatibility 7 0.61
Compatibility 8 0.71
Compatibility 9 0.67
Compatibility 10 0.64
Simplicity 12 0.76
Simplicity 13 0.63
Simplicity 14 0.73
Simplicity 15 0.86
Simplicity 16 0.78
Simplicity 18 0.69
Observability 19 0.69
Observability 21 0.63
Trial ability 25 0.72
Trial ability 26 0.51
Trial ability 27 0.62
Trial ability 28 0.45

Figure 1. Initial Confirmatory Factor Analysis model
resulting (e: Error, g: Question, F: Factor)

Table 2. Model fit indices in confirmatory factor analysis

Index Name Obtained Acceptable Result
Value Value

Chi- 1.49 Between 1t05 Acceptabld
square/df ’ P
CFI 0.93 Greater than 0.9 Acceptablg
TLI 0.92 Greater than 0.9 Acceptablg
IFI 0.94 Greater than 0.9 Acceptablg
RMSEA 0.06 Less than 0.08 Acceptablg

CFI = Comparative Fit Index, TLI = Tucker-Lewis Index,
IFI = Incremental Fit Index, RMSEA = Root Mean Square
Error of Approximation

Table 3. Assessment of Construct Reliability and
Convergent Validity

Construct Alpha AVE CR
Relatedness 0.78 0.40 0.77
Compatibility 0.77 0.39 0.76
Simplicity 0.88 0.55 0.88
Observability 0.61 0.44 0.61
Trial ability 0.60 0.34 0.68

AVE = Average Variance Extracted, CR = Composite
Reliability

Rogers’ Diffusion of Innovation Theory, and the
five constructs of the questionnaire were confirmed
using a CFA model. The CFA showed that, of the
28 items designed to evaluate Rogers’ innovation
attributes of the “Screen App” application, 22 items
were confirmed and retained in the final
measurement model. From a psychometric
perspective, the CFA results supported the
proposed five-factor structure, indicating that the
instrument appropriately reflects the theoretical
dimensions of Rogers’ model.

Innovation is the key to the main success for the
expansion of smart tools, defined as new technical
products or new technical tools that potentially
facilitate problem-solving (13, 14). In the present
study, innovation was operationalized through five
key attributes proposed by Rogers, which served as
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Figure 2: Final Model of Confirmatory Factor Analysis
(e: Error, g: Question, F: factor)

the conceptual foundation for instrument
developmentand validation.

The use of smart systems for midwifery training
before entering the clinical field is especially
important at the undergraduate level, leading to
improved quality of care. A study by Szara et al.
(2023) in India showed that the most important
characteristics of smart systems for educational
purposes were usefulness and practicality, which
could have broader applicability in developing
countries as auxiliary tools to improve the quality
of care (9). These findings are consistent with those
of the present study, in which perceived relative
advantage and compatibility = demonstrated
relatively strong factor loadings, indicating their
importance in users’ perceptions of the innovation.
Although apps have found extensive use as
educationaltools in medical sciences today, it is
important to consider the conditions of innovation
and the quality of the applications for educational
effectiveness. Evaluating the advantages and
limitations of apps before theirexpansion should be
considered essential. A systematic review and
meta-analysis conducted by Dickinson et al. (2020)
showed that of the 21 apps designed for surgical
education clustered into 8 categories, only three
categories were methodologically and
educationally validated (15). Similarly, the present
study highlights the importance of rigorous
psychometric evaluation before the widespread
implementation of educational technologies.

While the design and appearance of educational
apps can affect educational effectiveness and
acceptance, the expansion of app use is not solely
dependent on design factors. Menon (2022) showed
that aspects such as ease of use, innovation,
engagement, and activity were among the most
important characteristics of educational apps,
especially during the COVID-19 pandemic (16).
The "Screen App" possesses several of these
characteristics. In the present study, the simplicity
(ease of use) construct demonstrated the highest
factor loadings among all domains, further
supporting its critical role in technology acceptance
and educational effectiveness. The most important
criteria forthe acceptance of newtoolsin the healh
system include ease of use, usefulness, and
usability. A systematic review and meta-analysis by
Ahmed et al. (2023) on educational smartphone
applications also indicated that systems with
confirmed ease of use and usefulness achieved
higher user acceptance (17). The results of the
present study are in agreementwith these findings.
Notably, the CFA results in this study provide
empirical support for these constructs within
Rogers’ framework, strengthening their relevance
in the context of midwifery education.

It should be noted that after confirming the
innovative aspects of the application, the next phase
of the study, which involves comparing this
innovative approach with traditional educational
methods on screening tests among midwifery
students, will be evaluated and published in a
separate article.

One of the strengths of this study was the high
participation rate. Furthermore, this study provided
a validated tool for evaluating the first-time
implemented smartphone-based educational project
in Iran.One of the limitations of this study was that
the system was designed only for Android
platforms, which excluded students using iOS
devices.

CONCLUSION

Based on the results of the CFA and according to
the goodness-of-fit indices, all five constructs of the
Diffusion of Innovation theory were confirmed in
the Smart Screening System (ISA). Therefore, this
system possesses the required features of an
innovation and hasa high likelihood of successful,
widespread use. However, it should be noted that
based on the theory of diffusion of Innovation, the
diffusion of an innovation may further be affected
by other components, including communication
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