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Background: The rapid growth of smartphone use has 
encouraged the adoption of innovative approaches in 
medical education. The aim 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 among 
undergraduate Midwifery students of Islamic Azad 
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 using the 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 (χ²/df = 1.49), Comparative Fit Index (CFI = 0.93), 
Tucker-Lewis Index (TLI =  0.92), Incremental Fit Index 
(IFI = 0.94) and Root Mean Square Error of Approximation 
(RMSEA = 0.06) within the Intelligent Screening 
Application (ISA) system, supporting the theoretical 
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    

 یکردها ی رو  رشیهوشمند، پذ ی هااستفاده از تلفن عیرشد سرزمینه و هدف: 
و  ی مطالعه، طراح  نی کرده است. هدف از ا قی را تشو  ی نوآورانه در آموزش پزشک

 «ی غربالگر  ی»برنامه کاربرد  ی برا ی ر یگ مدل اندازه  کی ی سنج روان ی اعتبارسنج 
با استفاده  زراجر  ی اشاعه نوآور هی نظر ی هاهوشمند بر اساس سازه یغربالگر  ستمیس

 بود.  یی ماما ان ی دانشجو  نی( در بCFA) ی دیی تأ ی عامل  لیاز تحل
دانشگاه  یی رشته ماما  ی مقطع کارشناس ان ی دانشجو  نیدر ب ی مطالعه مقطع  نیاروش: 

ها با استفاده از پرسشنامه انجام شد. داده  1403- 1402مشهد در سال  ی آزاد اسلام
شده بود،  ی راجرز طراح ی اشاعه نوآور ه یساخته که بر اساس پنج سازه نظر محقق
و چهار  ی متخصص آموزش پزشک  13ابزار توسط  یی شدند. اعتبار محتوا یآورجمع

 یها پرسشنامه، دستورالعمل  ل یقبل از تکم ان یشد. دانشجو  د یی تأ یی ماما یدانشجو 
 کردند. افت یسه تا هفت روزه در  یی دوره آشنا  کیو  قیدق

مرحله  نی شد. در ا  ی ابی ارز تمی آ ری تأث  از ی با استفاده از امت ی کم ی اعتبار صورها: یافته
به حذف نداشت. سپس، اعتبار محتوا با استفاده از نسبت اعتبار  از ین ی تمیآ چیه

قابل قبول  ر ی شد. حداقل مقاد ی ابی( ارز CVI( و شاخص اعتبار محتوا )CVRمحتوا )
 ید یی تأ  ی عامل  لی شد. تحل نییعت 0/ 70و  0/ 54 بی به ترت CVIو  CVR یبرا

(CFAبرازش خوب مدل پنج سازه ،) هوشمند  یگر غربال  شنی کیاپل  ستمیرا در س یا
(ISAتأ )یاسکوئر به درجه آزاد  یکرد؛ شامل نسبت کا دیی (1/ 49  =χ²/df ،)

(، TLI=  0/ 92) سی لوئ- (، شاخص تاکرCFI=  0/ 93) ی اسه ی شاخص برازش مقا
 0/ 06)  ب یتقر  یمربعات خطا  نی انگی ( و جذر مIFI=  0/ 94) ی شی شاخص برازش افزا 

 =RMSEAکردند.  د ییرا تا ی( که همه ساختار نظر 
 تواندی نوآورانه م  ی ابزار آموزش  کیبه عنوان  یغربالگر  ی برنامه کاربردنتیجه گیری: 
 ری کرده و تأث  لیرا تسه  تر قیعم یر ی ادگ ی ،ینوآور  ی اساس یها ی ژگ یبا گنجاندن و

 داشته باشد. انیبر دانشجو  ی قابل توجه  ی آموزش

 یها راجرز، برنامه  یانتشار نوآور  هینظر ،یی ماما انیدانشجو واژه های کلیدی: 
 تلفن همراه  یکاربرد

χ

 
 

 قوںی طر یاختراع ںیم  میتعل ینے طب یرفتار ترق زیت یاسمارٹ فون کے استعمال ک پس منظر:
 یق یتصد ںیطلباء م یہے۔ اس مطالعے کا مقصد مڈوائفر یک یحوصلہ افزائ یکو اپنانے ک
 یک  یور یتھ شنیا ف انوو وژنی( کا استعمال کرتے ہوئے راجرز کے ڈفCFA) ہ یعنصر تجز

ماڈل کو  یمائشیپ کیا ےی" کے لپیا نی"اسکر ٹمسس ننگیاسمارٹ اسکر یپر مبن ریتعم
 طور پر درست کرنا تھا۔ یاتیاور نفس زائنیڈ

یقہ: زاد  یاسلام یمشہد ک ںیم 2024-2023مطالعہ  کشنلیکراس س ہ ی طر  یورسٹ یونیا 
 ار یت عہ یمحقق کے ذر  کیا ٹایتھا۔ ڈ ایگ ایک انیطلباء کے درم یمڈوائفر ٹیجویکے انڈرگر

جدت کے  ہ یتھا جو راجرز کے نظر ا یگ ای کردہ سوالنامے کا استعمال کرتے ہوئے اکٹھا ک
 می تعل  یطب قیتصد یک یدرستگ  ی۔ ا لے کے مواد کتھا یپر مبن راتیپانچ تعم یک لاؤیپھ

۔ طلباء کو سوالنامہ مکمل کرنے سے یکے چار طلباء نے ک یاور مڈوائفر نیماہر 13کے 
 ۔یمدت مل یک تیواقف یدن ک 7-3اور  اتیہدا یلیپہلے تفص

 ای کا جائزہ ل یدرستگ  یچہرے ک یسکور کا استعمال کرتے ہوئے مقدار  کٹیا ئٹم امپ نتائج:
ہے۔  ںیضرورت نہ یا ئٹم کو ہٹانے ک یبھ یکہ اس مرحلے پر کس ای۔ نتائج نے اشارہ کایگ

( اور مواد CVRکا تناسب ) یدرستگ  یکا اندازہ مواد ک یدرستگ  یاس کے بعد، مواد ک
 ےی کے ل  CVIاور  CVR۔ ایگ ایکرتے ہوئے ک عمال( کا استCVI) کسیانڈ یدرستگ  یک

نے  CFA۔ ںیتھ یگئ یک ٹیپر س 0.70اور  0.54 بیبالترت ںیکم از کم قابل قبول قدر 
زاد ںیکہ پانچ کنسٹرکٹ ماڈل کے اچھے فٹ ہونے م یک قیتصد  = χ²/dfکا تناسب ) یا 

، (TLI = 0.92) کسیانڈ وسیل-(، ٹکرCFI = 0.93) کسیفٹ انڈ ی(، تقابل1.49
Incremental Fit Index (IFI) = 0. Ereotrrquan پسیکا ا (IFI اور )0.0 .

(RMSEA = 0.06انٹ )شنیک یپلیا ننگیاسکر جنٹیلی (ISAسسٹ )یات ی م کے اندر، نظر 
 کرتا ہے۔ تیحما یڈھانچے ک

 یضرور  یٹول کے طور پر، جدت ک یمیتعل یاختراع کی"، اپیا نی"اسکر :نتیجہ
ہے اور  یسہولت فراہم کر سکت یک کھنےیسے س یکو شامل کرکے، گہرائ اتیخصوص

 ہے۔ یاثر ڈال سکت یمیاہم تعل کیطلباء پر ا
شنزیک یپلیموبائل اسمارٹ فون ا لاؤ،یجدت کا پھ ہ یطلباء، نظر یمڈوائفر کلیدی الفاظ:

کاربرد یسنجروان  یهایژگیو ا یگوش  یبرنامه    یبرا  یرانیهوشمند 

ماما نظر  ییآموزش  نوآور  هیبر اساس  تحل  کیراجرز:    یاشاعه    لیمطالعه 

 یدییتأ  یعامل
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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 

among the most important reasons for this necessity 

becoming a need (1). The advantages of e-learning 

and educational applications on mobile phones over 

traditional education methods include the absence 

of educational barriers, high flexibility, no time 

restrictions for learning, 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 methods is 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 screening in men, as 

well as the ability to manage abnormal results 

effectively (5–7). Pregnancy screenings, neonatal 

thyroid screening, and prostate screening in 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 instruments and frameworks have 

been developed to evaluate educational 

technologies for health professions education, 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 

cancer screening. 

As a rule, according to Rogers' Diffusion of 

Innovations Theory, the greater the number of key 

innovation attributes embodied 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 

are adopted 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 as the 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. 

 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 pa rticipants during the 

INTRODUCTION 

  

METHODS 
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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 

students at the 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 

students were 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, 

participants were 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 days based 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 for acceptable 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 constructs as 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 (χ²/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. 

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 number 11, 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 model results. 

After fitting the model, the goodness-of-fit indices 

are placed in the table below. Considering all 

indices, the above model was 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’s alpha and Composite 

Reliability (CR) values exceeding or approaching 

the recommended threshold of 0.70. In particular, 

Simplicity exhibits the highest level of reliability (α 

= 0.88, CR = 0.88), suggesting strong internal 

consistency among its measurement items (Table 

3). 

This study aimed to evaluate the innovative aspects 

of the "Screen App" screening system based on 

DISCUSSION 
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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 

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 

 

Table 2. Model fit indices in confirmatory factor analysis 

Index Name 
Obtained 

Value 

Acceptable 

Value 
Result 

Chi-

square/df 
1.49 Between 1 to 5 Acceptable 

CFI
 

0.93 Greater than 0.9 Acceptable 

TLI
 

0.92 Greater than 0.9 Acceptable 

IFI
 

0.94 Greater than 0.9 Acceptable 

RMSEA  0.06 Less than 0.08 Acceptable 

CFI = Comparative Fit Index, TLI =  Tucker-Lewis Index, 

IFI = Incremental Fit Index, RMSEA = Root Mean Square 
Error of Approximation 

 

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

 

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 

29 



                 

 

                       

        FUTURE of MEDICAL EDUCATION JOURNAL 

 

 

         FMEJ   16;2  mums.ac.ir/j-fmej   June 30, 2026                                                                          

 

the conceptual foundation for instrument 

development and 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 

educational tools 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 their expansion 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 for the acceptance of new tools in the health 

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 agreement with 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. 

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 has a 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 

channels, time, and the social system. 
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