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Smartphone applications have significant benefits in various specialties. The medical field is no exception to this trend, but more
research is needed on the use of smartphone medical imaging apps among Saudi Arabian students. This study aimed to evaluate
the awareness of mobile radiology applications (Apps), and the effectiveness of mobile applications. The findings of the study
are important to enhance the integration of mobile technological resources in the teaching-learning process of radiology which is
still an unexplored issue. A descriptive, cross-sectional survey was conducted during January and February 2025. four hundred
ninety participants, including undergraduate medical imaging students from governmental and private institutions across Saudi
Arabia, participated in the study. Most of the undergraduate students agreed (40.7%) and strongly agreed (28.6%) that the mobile
medical imaging Apps were easy, quick, well organized, and gained the confidence of the users. 50.5% of the participants used
mobile apps during their daily clinical practice, and 42.9% agreed that mobile apps improved their practical skills. 33% of the
participants reported that mobile medical imaging Apps were more effective than logbooks or pocketbooks, while 40.7% showed
supplement logbooks or pocketbooks were more effective. The study found that participants who installed medical imaging apps
had better knowledge and skills, particularly in practical skills (p-value = .017), radiographic positioning (p-value = .030), x-ray
collimation (p-value < .001), radiographic anatomy (p-value < .001), and evaluating x-ray image criteria (p-value < .001),
compared to those who did not install the apps. The findings of this study indicate that mobile medical imaging apps can enhance
the practical skills and knowledge of radiology students. The positive outcomes observed suggest that these applications should
be integrated into radiology curricula to provide students with accessible, efficient learning tools. Future research should
investigate the long-term effects of mobile apps on clinical practice, as well as explore how their integration can be optimized
across different educational settings.
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students.
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INTRODUCTION popular smartphone operating systems, and each has its
own app store where users can browse and download

apps that interest them [2]. With the rapid growth of
smartphone applications and the realization of the
significant benefits of their use in various specialties, the
medical field was no exception to this trend, as the

Numerous apps and other online learning tools
highlight various radiographic modalities and aspects of
anatomy and disease. Both patients and physicians utilize
medical mobile applications extensively in many

different medical sectors [1]. Smartphone applications increasing popularity of using applications resulted in the

Zre .SOftW';r}f progArarcrlls .tgat anBllje li(réstalled onhmobile creation of a specific medical application category in the
evices. iPhone, Android, and Blackberry are the most Apple App Store in 2008 [3].
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Despite being a recent innovation, mobile
health applications are seeing rapid growth, showing no
signs of abating in the near future. Exceeding 259,000
health-related programs are accessible in app stores, such
as Google Play and Apple's iOS App Store, for
smartphone devices. As of early 2015, around 100,000
health  applications  have  been  introduced.
Approximately 1,000 new applications are released to
the market each month. These applications offer a
multitude of features, from basic text message reminders
to platforms intended for advanced disease diagnosis and
management. The expansion of the mobile health market
is directly linked to the rising utilization of these
applications [4]. These apps are helpful in training
healthcare employees and provide a simple way to
complete various tasks [1, 5].

Medical Apps, which can be downloaded
quickly into mobile devices, are becoming increasingly
popular among medical students and young clinicians
[6]. According to a recent poll conducted in the United
Kingdom, 84 % of 361 medical students believe cell
phones and related medical apps are useful in their
education [7]. Based on current trends, it's realistic to
believe that using smartphone Apps will help medical
students prepare for their future clinical positions. As a
result, many medical institutions have begun integrating
this new technology into the classroom to provide a
practical guide to future professionals [8, 9].

Current studies reported the growing warm
reception of mobile applications in radiology education
with regards to improving a student's confidence and
skills as well as their learning experience. According to
Picchiottino et al, [10], and others in educational
applications are being adopted more enthusiastically by
medical students, especially radiology students, for their
ease of use and effectiveness in supplementing
traditional modes of learning. Such apps allow students
to personalize their learning as they can easily obtain
lectures, images, quizzes, and other relevant materials,
all from the convenience of their mobile devices. The use
of such technology in medical education promotes self-
directed learning, which is an ongoing trend among
students wishing to learn on their devices, as it caters to
their needs as modern learners.

Medical imaging is no exception to the use of
mobile apps as a sub-discipline of medicine, and the
digital nature of radiology makes it ideally suited to
smartphone applications [11, 12]. The expanding mobile
application market has addressed the requirements of
radiologists, resulting in numerous applications
pertaining to diagnostic imaging. We can identify
radiological image viewers (known as Digital Imaging
and Communications in Medicine viewers), platforms
for the exchange of images among physicians or medical
institutions, protocols for proper patient positioning,
guidelines from radiological scientific societies,

applications for studying radiological anatomy, quizzes,
and databases containing radiological questions [13].

According to Kim et al., [14], the Apple App
Store had 381 radiology-related apps in 2015. Radiology
apps include teaching/learning, reference, viewing,
information systems, and patient education apps. Even
though apps have become increasingly popular in the
field, medical imaging students have limited knowledge
of how useful apps can be [14]. Medical students have
always relied on textbooks as their primary source of
information. However, as information technology has
advanced, the number of students using mobile devices
has expanded significantly [15, 16]. There is a substantial
and unexplored body of literature regarding mobile
device use and its effect on radiology education [17, 18].
However, to enhance the clarity of the relationships
between mobile app usage, skill acquisition, and
perceived outcomes, the authors of the current study
added a diagram of a suggested conceptual framework
that visually represents these relationships (Figure 1).
The diagram illustrates the progression from mobile app
usage to enhanced knowledge and skills, and how these,
in turn, contribute to perceived improvements in clinical
practice. Moreover, the awareness, attitude, and usability
of medical apps that radiology students might use to
further their medical education are highlighted in this
study.

According to the literature analysis, there is
limited research on the use of smartphones for Medical
Imaging Apps among Saudi Arabian students [19], and
integrating it in the radiology curricula considering more
effective approaches is beneficial [20].

Even as mobile technologies permeate the
healthcare educational system, very little has been done
to assess the impact of radiographic positioning mobile
applications on undergraduate medical imaging students.
Most available works centered around generic medical
education application do not interfocus on specialized
imaging practices that are fundamental for radiology
training. The uniqueness of this research is to focus on
students’ awareness, experiences, and perceptions of
radiographic positioning applications critical for refined
skill learning during clinical practice. This gap in the
literature that informs how learning and confidence for
procedural techniques are shaped with these applications
is also examined in this study and serves to justify the
need for mobile applications as additional educational
resources in the radiology curriculum.

Although mobile apps have been widely studied
in medical education globally, there is a lack of research
on their use within Saudi radiology education. Previous
studies have not adequately explored how these tools are
perceived, their effectiveness in enhancing radiology
students' skills, or their integration into the radiology
curriculum in Saudi Arabia. This study aims to fill this
gap by evaluating mobile radiology apps' impact on
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medical imaging students' knowledge and practical
abilities in the context of Saudi educational settings.

App Usage » Skill Acquisition » Perceived Outcomes

Frequency —r— Knowledge Stuc'ients' confidence

improvement

Engagement \\ /
Clinical skills Learning satisfaction
Usability \><
/ Self-directed learning Positive perception
Feature access habits through apps P P

Figure 1: Conceptual framework illustrating the relationships between Apps usage components, skill acquisition,
and perceived outcomes among radiology students. Frequent exposure to educational apps builds foundational
knowledge over time, while high engagement enhances practical (clinical) skills. Usable and accessible
applications foster independent, self-directed learning. Feature-rich applications simultaneously strengthen both
theoretical understanding and practical competencies. As a result, greater knowledge acquisition boosts students'
confidence, mastery of clinical skills leads to both improved confidence and learning satisfaction, and self-directed
learning habits promote a more positive perception of their educational experiences

MATERIALS AND METHODS
Study design and participants

An online descriptive, cross-sectional survey
was conducted during January and February 2025. The
study included 490 medical imaging students. Its target
group was undergraduate medical imaging students from
different governmental and private educational
institutions in Saudi Arabia. Inclusion criteria included
undergraduate medical imaging students currently
enrolled in governmental or private institutions in Saudi
Arabia, with clinical exposure in radiology. Students
who are in the first year of study or who have not yet
participated in clinical training were excluded from the
study.

Assumptions of the study:

e Itis presumed that all participants responded to
the questionnaire truthfully and to the best of
their understanding.

e It is presumed that participants possessed
equivalent access to mobile devices capable of
executing medical imaging programs.

e It is presumed that the students' prior exposure
to conventional educational resources (e.g.,
logbooks, guidebooks) was rather uniform
among institutions.

e Participants were presumed to possess adequate
foundational knowledge of radiographic
positioning to assess the efficacy of the
applications.

e Differences in participants' judgments are
presumed to be predominantly shaped by their
experience with mobile applications, rather than
by extraneous influences.

e It is presumed that all suggested applications
mentioned in the survey were operational and
available to participants throughout their
training time.

Sampling and sample size

In our investigation, we used the convenience
sampling approach. Using the power analysis equation,
the sample size was estimated using the Raosoft sample
size calculator [21]. Sample sizes were determined based
on the estimated target population to be at least 334
medical imaging students, with a 5% margin of error, a
95% confidence level, and a 50% response distribution
(Figure 2). However, the final report included the
participation of 490 medical imaging students from
various universities around Saudi Arabia. The response
rate was estimated as 78.51%, based on 490 completed
the survey out of 624 eligible undergraduate medical
imaging students across the regions of Saudi Arabia.
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" Raosoft

What margin of error can you accept?

5% is a common choice

What confidence level do you need?
Typical choices are 90%, 95%, or 99%

What is the population size?
If you don't know, use 20000

What is the response distribution?

Leave this as 50%

Your recommended sample size is

Figure 2: Sample size estimation

Data Collection Procedures and Tool

The researchers designed the data collection
tool based on the study's aim and depending on the
available literature [22-24]. The data for this study were
collected using an electronic questionnaire adopting the
Google Forms application, and the link was distributed
across all medical imaging departments across the
universities of Saudi Arabia via emails, WhatsApp
groups, and telegram. From time to time, reminders were
sent through the same media, which resulted in a greater
response rate, reaching 490 medical imaging students.
Each question in the questionnaire was revised by three
specialists in radiology and medical imaging apps to
ensure it was clear, comprehensive, and relevant. Some
aspects were also updated based on their feedback. Two
multilingual translators translated the questionnaire into
Arabic, while two more translators translated the Arabic
version back into English. Until a final version was
decided upon, the revised English version was compared
to the original. Each participant was allowed to select
their preferred language, as the questionnaire was offered
in both languages. To determine Cronbach's alpha for
each questionnaire domain, we additionally carried out a
pilot sample for the Arabic and English versions,
resulting in a total of 40 responses that were not included
in the final analysis. The Cronbach's alpha coefficient
was calculated for all questionnaire domains, revealing
an overall reliable tool at 0.813. The questionnaire
consisted of four parts. The first part was related to
participant’s profile datasheet that contained gender,
type of academic institution, and possession or non-
possession of a medical application or reference guide.
The second part was related to awareness of radiographic
positioning Apps among medical imaging students. The
third part covered the content and effectiveness of
radiographic positioning Apps, and the fourth was their
perception and satisfaction with medical applications.

The interval values for responses regarding
awareness, experience, perception, and preference were
established according to standards identified in
educational research surveys and other studies
examining technology adoption among students. Utilize
explicit and unequivocal binary choices (Yes/No) to
capture distinct awareness and usage behavior. A
nuanced comprehension of students' perceptions.
Responses like 'Superior to your prior knowledge' and
'Enhance your existing understanding' were designed to
be more precise while without overwhelming
participants with excessive choices. The proposed ranges
must provide thorough insights while remaining
convenient for responders to reduce survey fatigue.
Furthermore, respondents were afforded the opportunity
to express confusion (e.g., students had not utilized apps
previously), with the option 'T'm not sure' included to
promote integrity in data gathering. Through these
measures, dependable interpretation of the data
according to the study objectives was obtained.

The Advantages of the Method Used

The study used a mobile imaging applications
awareness, experience, and perception questionnaire
specifically designed for medical imaging students as a
self-assessment test. This approach has multiple benefits:
(1) It captures data from a larger sample at lower costs
and within a shorter time frame; (2) It protects
anonymity, which significantly reduces bias motivated
by personal encounters and perceptions; (3) The overall
design of the questionnaire made it possible to
investigate many aspects (awareness, experience,
perception, preferences) at once; (4) The closed-ended
responses presented in the questionnaire ensured
standardization that simplified statistical evaluation; and
(5) The respondents’ distinction as users and non-users
of medical imaging applications enabled thorough
contrasts of experiences among different students. This,
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in particular, gave a wide-scope yet dependable
understanding of what the current state of mobile
application integration in teaching radiology is at.

Ethical Consideration

Ethical approval for the study was granted by
The Research FEthics Committee at King Khalid
University (HAPO-06-B-001), Kingdom of Saudi
Arabia, with approval number ECM#2025-508 on March
6™, 2025. The study adhered to the ethical guidelines
outlined in the Declaration of Helsinki, and informed
consent was obtained from all participants before their
involvement. All survey-related information was
contained in the accompanying letter. As a result, it was
assumed that they gave their informed permission by
taking the survey and accepting it. Information about the
participants was guaranteed to remain private. No
personally identifiable information about specific
subjects was included in the study.

Statistical Analysis

The statistical analysis was carried out using the
Statistical Package for Social Sciences (SPSS) software
version 30 for Windows. Categorical variables were

provided as frequencies and percentages, whereas
numerical values were presented as mean + standard
deviation (SD). Inferential analysis was used to
investigate the various associations specified in the
objectives. The chi-square test (y*) assessed the link
between the dependent and independent variables.
Moreover, p-values of less than 0.05 were considered
significant.

RESULTS
Profile of the Participants

The researchers received 490 responses from
the medical imaging students before embarking on data
analysis. The first set of questions focused on the
participants' profiles. As shown in Table 1, about one-
third of respondents were male (307; 62.6%). A total of
365 participants (74.7%) reported having a medical
imaging application, while 370 participants (75.8%)
possessed a reference guidebook. Additionally, there
were more participants from the private institution (333;
68.1%) compared to the public educational institution
(157; 31.9%).

Table 1: Profile of the participants (N=490)

Parameters Frequency | Percentage
Gender

Male 307 62.60%
Female 183 37.40%
The type of academic institution

Governmental institution 157 31.90%
Private institution 333 68.10%
Do you have medical imaging Apps installed on your smart device?

Yes 365 74.70%
No 125 25.30%
Do you have a training logbook, pocketbook, or guideline reference book at the training site?
Yes 370 75.80%
No 120 24.20%

Awareness Associated with a Radiographic
Positioning Apps

The second set of questions focused on
awareness of radiographic positioning apps, as presented
in Table 2. A significant majority of students, 447
(91.2%), reported being aware of the existence of
medical imaging apps. Among these, Navi radiography

apps emerged as the most preferred option, favored by
46.2% of respondents. Additionally, 26.4% of the
students reported that the teaching staff recommended
using mobile medical imaging apps. Notably, 247
students (50.5%) utilized these apps during their clinical
training.

Table 2: Awareness of radiographic positioning Apps (N=490)

Parameters Frequency I Percentage
Interest in downloading radiographic positioning apps

Yes 447 91.20%
No 43 8.80%
Commonly used radiographic positioning apps.

Navi radiography 225 46.20%
iRadTech lite 11 2.20%
Anatomy and radiographic projections 54 11%
RX-Posiciones Radiologicas 32 6.60%
Others 43 8.80%
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Parameters Frequency | Percentage
I don't have any medical Apps 125 25.30%
Medical imaging apps were recommended by:

Teaching staff 128 26.40%
Radiology department staff in the training site 49 9.90%
A colleague 54 11%
App Store 70 14.30%
Social media 43 8.80%
Website 11 2.20%
Others 11 2.20%
I don't have any medical Apps or not recommended to me 124 25.30%
Mobile medical imaging apps were used during clinical training.

Yes 247 50.50%
No 243 49.50%

Effectiveness of mobile Apps: Information and skills
provided for radiographic positioning

The third set focused on the effectiveness of the
Apps content and related questions, which were derived
from Bontrager's Textbook of Radiographic Positioning,
the most commonly used radiography reference
recommended by the Saudi Commission for Radiologic
Technologists [25]. The results presented in Table 3A
indicate that mobile applications aided the development
of fundamental radiographic skills for medical imaging
students. A large number of participants, 67%, stated that
the mobile patient positioning apps furnished adequate
and clear instructions. This number, though slightly
lesser at 62.6%, also appreciated the apps for guiding the
determination of X-ray beam alignment, center point,
and angulation. Besides, 61.5% of students claimed that
the apps provided clear indications of the anatomical
structures that were drawn on the radiographs, and 59.3%
of them claimed there was adequate guidance for the X-
ray beam collimation technique. With respect to
analyzing the criteria for evaluating the X-ray images,
adequacy was claimed by 50.5% of respondents. It is
important to point out that around a quarter of all the
respondents for all skill areas was unsure, which was
primarily explained by the respondents’ inexperience

with mobile medical imaging applications. All in all, the
findings indicate that these mobile applications included
the important skills needed for proper radiographic
positioning.

The comparison of mobile applications to
traditional educational resources, as illustrated in Table
3B, revealed that students' perceptions were
predominantly positive. Approximately 29.7% of
respondents indicated that the content of the mobile
applications corresponded with the knowledge acquired
in college, while 27.5% saw the applications as a
beneficial supplement to their previous education. A
mere 3.3% believed that the applications provided
content entirely dissimilar to what was taught in college.
Concerning practical convenience, 33.0% of students
indicated that mobile applications were more user-
friendly than traditional logbooks or pocketbooks, whilst
40.7% viewed the applications as supplementary to these
conventional resources. A minor proportion (5.4%)
regarded the applications as less effective, and 20.9%
conveyed ambiguity due to insufficient exposure. These
data indicate that mobile applications are often perceived
more positively than traditional references due to their
superior accessibility and usability.

Table 3A: Skills Provided by Mobile Applications for Radiographic Positioning (N=490

Skill Area Response Frequency | Percentage
Necessary skills related to the patient's position Enough and clear 328 67.00%
Unclear 38 7.70%
I'm not sure 124 25.30%
Necessary skills for X-ray beam alignment and Enough and clear 308 62.60%
angulation Unclear 58 12.10%
I'm not sure 124 25.30%
Necessary skills related to radiographic anatomy Anatomical parts indicated 301 61.50%
Anatomical parts not indicated 65 13.20%
I'm not sure 124 25.30%
Necessary skills related to X-ray collimation Enough and clear 2901 59.30%
Unclear 75 15.40%
I'm not sure 124 25.30%
Necessary skills related to evaluation criteria of X-ray | Available 247 50.50%
images Not available 119 24.20%
I'm not sure 124 25.30%
© 2026 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 129



Abbas Omer et al; Saudi ] Med, Apr, 2026; 11(4): 124-136

Table 3B: Perceived Effectiveness of Mobile Applications Compared to Traditional Resources (N=490)

Evaluation Area Response Frequency | Percentage
Better than learned 70 14.3%

Compared to college learning content | Exactly like what learned 146 29.7%
Completely different 16 3.3%
Supplement learning 135 27.5%
I'm not sure 124 253%

Compared to logbooks or pocketbooks | More effective and convenient 162 33.0%
Supplement logbook or pocketbook 199 40.7%
Less effective and convenient 26 5.4%
I'm not sure 102 20.9%

The attitude of the students towards the usability of
mobile medical imaging apps

The final set of questions was related to the
attitude toward the usability and applicability of medical
imaging apps, which was highly positive. Most students
(70%) recommended choosing one application and
integrating it as a clinical skills guideline tool in clinical
practice in colleges and training sites (Figure 3). About
half of the participants (48%) agreed and strongly agreed
that medical imaging apps can replace textbooks/
pocketbooks/ logbooks.

Regarding the perspectives of medical imaging
apps, most participants (72%) agreed that medical

imaging applications are necessary tools for medical
imaging students. More than two-thirds of the students
(69%) agreed that medical imaging apps improved their
practical skills.

More than half of the students agreed and
strongly agreed that using mobile apps provides
confidence in skills to their users (55%). Additionally,
most of them agreed and strongly agreed that medical
imaging app skills are well-organized (64%), quick to
reach and apply practical skills (60%), and easy to use
(62%).

Students Attitudes %

T

- —

——
Y —— ———
T —— Ty ——
[ T

ML Dy e -

0 10 20 30 40 50 60 70 80 90

» Strongly Diagree  ® Disagree

| recommend choosing one application and integrating it as a
clinical skills guideline tool in clinical practice in colleges and...

Medical imaging Apps can replace textbooks/pocketbook/logbook

Medical imaging apps are necessary tools for medical imaging
students in their undergraduate courses

Apps assists in improving practical skills

Using medical imaging apps makes me feel confident when applying
skills

In medical imaging apps, the skills were organized clearly and
simply

Medical imaging apps were quick to reach and apply practical skills

Medical imaging apps were easy to use

® Neutral ~ Agree ¥ Strongly Agree

Figure 3: Students' attitude toward Apps (N=490)

Effect of having installed radiology mobile apps on
students' knowledge and perceived skills of radiology
mobile apps

The impact of having installed radiology mobile
apps on the skills and knowledge of the participants is

analyzed using chi-square in Table 4. It was shown that
participants who installed the medical imaging apps had
better knowledge and higher skills than those who did
not. Participants who installed the radiology mobile apps
reported significantly higher awareness of radiology
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mobile apps (p-value <.001) and were significantly more
interested in downloading radiographic positioning apps
(p-value = .003). The students who installed the
radiology mobile apps reported remarkably better skills
related to radiographic anatomy, X-ray collimation, and
the ability to evaluate the criteria of X-ray images (p-
values < .001). Moreover, those who installed the
radiology mobile apps had significantly greater
perception that radiology mobile apps assist in
improving practical skills compared to those who did not
install the apps (p-value = .017).

The trends observed in the graphs reflect logical
and educational realities associated with the integration
of mobile technologies into medical imaging education.
Higher levels of app usage among students can be
attributed to the growing reliance on digital tools for

practical training, especially where clinical logbooks and
traditional materials may be insufficiently detailed or
outdated. The preference for mobile applications over
printed logbooks is physically significant because mobile
apps provide real-time, accessible, and interactive
content, aligning with the dynamic nature of clinical
radiographic positioning, which demands immediate
referencing and visual demonstrations. Similarly, the
variation in confidence levels among app users versus
non-users is significant, as immediate access to
procedural demonstrations through apps can physically
enhance psychomotor learning, skill acquisition, and
memory reinforcement. These patterns demonstrate that
mobile applications are not merely convenient but serve
a critical educational function by bridging theoretical
knowledge and hands-on clinical practice.

Table 4: The impact of having installed radiology mobile apps on students' knowledge and perceived skills of
radiology mobile apps (N=490)

Variables a Significance P-values
Previous awareness of radiology mobile apps 46.360 <.0071%**
Interest in downloading a radiographic positioning app 8.912 0.003**
Skills related to radiographic anatomy 45.819 <.0071**
Skills related to X-ray collimation 54.901 <.0071**
Skills related to the evaluation criteria of X-ray images 44.732 <.001**
Radiology mobile apps assist in improving practical skills | 11.997 0.0170*

** Highly significant at p < 0.01
* Significant at p < 0.05

The data in Table 5 found that there were
significant differences within the usage of the mobile
application and its perceived effectiveness by gender.
Specifically, male students used mobile devices more
frequently than female students during their clinical
training (3> = 17.915, p <0.001), which points to greater
use of digital resources by males in learning activities. In
contrast, female students were more likely to agree that
the use of mobile applications improved their practical

skills (> = 13.084, p = 0.011), which shows the
overwhelming advantage mobile applications have in
skill enhancement. In the case of confidence level after
using the app, preference of mobile over manual tools,
and considering the app’s necessity to undergraduate
courses for the level of education, the respondents were
not significantly different by gender displaying uniform
attitudes toward educational technology and mobile
learning in those aspects.

Table 5. Association of gender with the study variables

Variable (significant gender) 1 P-value
Used apps during clinical training (male) 17.915 | .000 **
Confidence in clinical skills after app use 6.283 179
Preference for mobile apps over traditional tools 1.632 .652
Perceived improvement in practical skills (female) | 13.084 | .011%*
Necessity of mobile apps in undergraduate course | 7.299 .063

*Significant at p < 0.05,
**Highly significant at p < 0.01

Analyzing the students from both governmental
and private institutions revealed significant differences
in perceptions and preferences (Table 6). Private
institution students were considerably more positive
regarding them strongly agreeing that mobile
applications aided their practical skills (y*> = 18.067, p =
0.001) and enhanced their clinical confidence (y* =
39.796, p < 0.001). This gap could stem from additional
training or greater encouragement to utilize digital

devices in private education settings. On the other hand,
students from governmental institutions were
significantly more likely to hold the view that they
disagree with preference of mobile apps used as learning
tools over conventional ones (x> = 14.900, p = 0.002),
which suggests some tendency or inclination towards
less mobile technology integration in these settings. The
absence of mobile application necessity in undergraduate
courses approached significance (y> = 7.605, p = 0.055),
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demonstrating a gap in perceptions emerging, but not yet
cohesive, across types of institutions.

Table 6: Association of academic institution with the study variables

Variable (significant institute) 1 p-value
Used apps during clinical training 0.329 0.566
Confidence in clinical skills after app use (private) 39.796 | .000 **
Preference for mobile apps over traditional tools (governmental) | 14.900 | .002*
Perceived improvement in practical skills(private) 18.067 | .001%*
Necessity of mobile apps in undergraduate course 7.605 .055

*Significant at p < 0.05, **Highly significant atp < 0.01

The association between gender and the
effectiveness of medical imaging applications as
compared to other traditional tools are shown in Figure
4. The students’ responses showed that there is an
exceedingly significant association (P-value < .001),
where male students are significantly more inclined to
consider mobile applications useful relative to other

materials like logbooks and pocketbooks. While both
genders appreciated the educational functionalities of
mobile applications, male students were more inclined
toward their use than female students. This underscores
the increasing evidence that there is a need to address the
different strategies at the policy level to encourage the
use of mobile apps for education in the clinical setting.

120 P-value < 001
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Figure 4: Association of gender with effective usage of medical imaging apps compared to traditional tools

DISCUSSION

The present study evaluated the impact of
radiology mobile apps on the skills and knowledge of the
participants who installed these applications on their
mobiles or laptops. Many of the current applications and
e-learning tools cover a variety of radiographic
modalities, covering various aspects of anatomy and
pathology. Many apps are designed for different training
levels, allowing educators to select an appropriate
resource for each trainee. The current study assessed the
awareness of mobile radiology apps, the effectiveness of
mobile applications in terms of knowledge and skills
offered by mobile applications, and attitudes toward
mobile radiology imaging Apps among medical imaging
students.

In a previous study, it was found that the
preferred applications in the field of medical imaging
were imaging procedures, including X-ray procedures
[26]. Another study found that radiology positioning
Apps were among the most important applications for
students [27]. With the support of these studies and since
applications in terms of content need to be evaluated, as
mentioned in a previous study [28], the current study
evaluated the radiographic imaging procedures apps by
comparing their content with Bontrager’s Handbook of
Radiographic Positioning and Techniques [25], taking
critical elements on positioning and techniques. These
elements include the patient's position, x-ray beam
alignment, center point on the exposed organ, angulation
of the X-ray tube, x-ray collimation, anatomical parts
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indicated on the X-ray, and the evaluation criteria of X-
ray images. It was found that male students utilized
mobile devices more frequently than female students
during their clinical training, indicating a higher
engagement with digital resources in learning activities
among males. Conversely, female students shown a
greater propensity to concur that mobile applications
enhanced their practical skills, indicating the significant
advantage of mobile applications in skill development.
These trends relating to gender agreed with the findings
of Hisam ef al., [6] in the context of medical students,
where male students were observed using mobile
applications more frequently than their female
counterparts, who believed more strongly in their
educational utility. Some of these discrepancies could
indicate varying and adapting pedagogical theories
associated with learners' digital self-confidence,
suggesting that male students have higher technological
self-efficacy, and female students focus more on how
education is enhanced. The analysis of such mobile
learning disparities across broader contextual factors
calls for a more equitable approach to integrating mobile
learning.

Regarding the manual or handbook, the
participants agreed that the App's contents were
complementary to or superior to its content. In a similar
study conducted in Saudi Arabia, medical students
considered that medical applications complement books
but preferred to gain knowledge from books [19]. Unlike
studying in the United Kingdom, students preferred
medical applications when attending clinical practice
[15].

Regarding the comparison between private and
governmental institutions, the study found private
institution students were significantly more positive
regarding the perception that mobile applications
improved their practical skills and enhanced their clinical
confidence. On the other hand, students from
governmental institutions were significantly more likely
to disagree with preference of mobile apps used as
learning tools over conventional ones. Badiauzzaman
[26] studied the use of mobile applications in medical
imaging education in Malaysia. According to the
findings, students from private colleges reported higher
levels of involvement and positive perceptions of mobile
applications in improving learning and clinical skill
enhancement than their counterparts from public
colleges. The authors provided an explanation as to why
private faculty emphasized greater access, more positive
promotional activities by the faculty, and better
incorporation of mobile resources into the teaching
framework.

In the present study, most of the participants'
opinions were positive regarding the usability of the
applications, as the majority agreed on their ease,
quickness in finding information, and organization,
which made them believe it improved their practical

skills and increased their self-confidence. They also
believed that it may replace handbooks. They
recommended choosing reliable applications and
integrating them into practical training. Medical imaging
students in Malaysia gave the same impression about the
usability of the applications [26]. While students showed
adequate awareness of mobile medical imaging
applications, the underutilization of these resources in
clinical settings reported by only 50.5% of students poses
several explanatory challenges. Institutional and clinical
site policies might ban smartphones due to issues of
professionalism, patient privacy, or distraction.
Moreover, some clinical instructors might not actively
endorse or may actively discourage the use of mobile
devices during practical training which might lead
students to disregard these resources. In addition, the
varying levels of digital literacy, absence of unified
institutional guidelines on which apps to use, and the
prevailing attitude that traditional tools such as logbooks
are sufficient may also help explain the stagnation in
mobile apps usage in practice. This indicates the need for
comprehensive policies and institutional initiatives that
establish clear objectives within clinical education.

Different levels of mobile digital literacy among
students can also impact the adoption and effective use
of mobile medical imaging applications. Some learners
are comfortable maneuvering around mobile devices,
while others lack the exploration skills, or the confidence
needed to harness the full benefits of mobile devices.
This gap can create some level of incomplete
participation and unequal educational results, especially
if there is no proper guidance or support. Filling this gap
through digital literacy education could ensure that
mobile technology is effectively integrated into clinical
education, making the learning environment more
equitable.

In terms of the respondents' opinions about
replacing handbooks, textbooks, and manuals with apps
and integrating apps into clinical practice, previous
studies contradict our present study's findings and
attribute the reasons for the preference of medical books
over medical apps to their ability to provide deeper
comprehension and enhanced memory because handling
papers can improve memorizing [15, 19, 25, 26, 28-30].
Several studies in Malaysia, the United Kingdom, and
Australia agreed with the current study and reported that
around two-thirds (68.9%) of students frequently used
medical apps during clinical training [31, 32]. The results
of this study correspond with earlier regional work done
at King Abdulaziz University which also reported a high
mobile medical application utilization rate amongst
medical students [19]. In the same way, some other Gulf
countries like the United Arab Emirates and Qatar have
also shown that mobile app usage in medical education
is prevalent and is appreciated by students due to the
convenience, ease of use, and benefits the applications
provide in the development of clinical skills. These
observations add to the growing appreciation of mobile
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applications as educational resources in the Gulf region,
especially with the increase in their use in medical and
radiology programs.

It was shown that the participants gained good
knowledge and improved practice when they installed
these medical apps. This finding is consistent with
Badiauzzaman [26], who reported that most students
(63.2%) were aware of the availability of medical
imaging apps, and most students gave good feedback on
the applications' perceptions and usage. Furthermore,
research showed that students like apps and benefit from
medical education. In a 2016 study, 731 medical students
were polled; 90% agreed that medical apps improve
practical knowledge, and 61% thought they were just as
trustworthy as textbooks [33]. Research conducted the
following year found no discernible difference between
the benefits of ultrasound training guided by a mobile
app and training guided by a textbook [34]. This suggests
that mobile educational Apps are as beneficial and
effective as textbooks.

While mobile applications offer clear
advantages in terms of accessibility, interactivity, and
real-time guidance, overreliance on these tools poses
certain risks in professional practice. Traditional
resources such as textbooks and logbooks often provide
deeper theoretical context, comprehensive explanations,
and are more aligned with structured curricula. Excessive
dependence on apps may lead to superficial learning or
neglect of critical reasoning, particularly in complex
cases that require contextual judgment. Therefore, a
balanced integration of mobile apps alongside traditional
educational materials is essential to foster both practical
competency and critical thinking in clinical radiography
training.

CONCLUSION

The research highlights a high awareness and
positive attitude among Saudi undergraduate students
toward mobile medical imaging applications and
usability, particularly in the context of radiographic
positioning. A significant majority of students are aware
of the existence of such apps, with Navi radiography
apps being the most preferred. The majority agreed that
it was easy to use, quick to discover information, and
well-organized, which led them to improve their
practical abilities and self-confidence. The findings
indicated that mobile apps effectively enhanced practical
skills in radiography, with a notable percentage of
students acknowledging improvements in patient
positioning skills and over half reporting better
understanding in related areas like X-ray beam
techniques and radiographic anatomy. Furthermore,
students who installed and utilized mobile imaging
applications ~ demonstrated  significantly  higher
knowledge and practical skills compared to those who
did not.

Recommendations

To enhance medical education in radiography,
it is essential to integrate mobile medical imaging
applications into programs as standardized resources.
Educators and clinical supervisors should actively
demonstrate these tools during practical training to
improve hands-on competencies. Establishing a core set
of reliable mobile applications for use in teaching
hospitals will enrich learning experiences. Additionally,
organized orientation sessions should be implemented to
boost students' digital literacy, ensuring they can
effectively utilize these resources.

Institutions must develop guidelines that
promote ethical mobile application use in clinical
settings while safeguarding patient confidentiality.
Consistent evaluation and feedback systems are needed
to measure the educational impact of these applications,
allowing for ongoing improvements. Finally, conducting
longitudinal studies will provide insights into the long-
term effects of mobile application use on clinical
proficiency and professional development.

Limitations

The primary limitation of the current study was
its reliance on cross-sectional research design. This
approach restricted the depth of data exploration and
prevented follow-up on participants' perceptions and
attitudes over time or across different occasions.

The use of convenience sampling, which may
affect the generalizability of the findings. Although the
sample included participants from various institutions
across Saudi Arabia, the results may not be
representative of the entire population of radiology
students, particularly those from institutions with
different curricula or educational resources. Future
longitudinal studies ought to focus on tracking the
development of skills over time in students who use
mobile apps, compared to those who rely on traditional
resources.
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