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Abstract

As emerging technologies gradually integrate into healthcare, smart technologies
have profoundly impacted clinical practice and educational demands. Nursing staff,
as frontline caregivers in healthcare, and nursing students, as key members of future
healthcare teams, play crucial roles in the medical field. In this study, a draw-a-
picture technique and epistemic network analysis were used to investigate whether
significant differences existed between 52 nursing students’ and 42 nursing staff’s
learning motivation and conceptions of smart technologies in medical contexts.
The findings showed that nursing staff had significantly higher learning motivation
than nursing students. Both groups held similar viewpoints regarding the partici-
pants and the nursing activities involving smart technologies in medical contexts,
particularly in terms of disease prevention and control. However, nursing staff as-
sociated the locations and objects of the contexts with actual work environments
and procedures, demonstrating their clinical experience. On the other hand, nursing
students paid attention to“personal computers” and “pharmaceuticals,” indicating
their idealized conceptions of smart technologies in medical contexts. The ENA
results revealed that intelligent systems played a central role in assessment and
evaluation as well as prevention and control in the models of nursing staff. In
contrast, analytics and prediction exhibited a relatively stronger connection with
other nursing activities in the models of nursing students. Contrary to common
assumptions, nursing students demonstrated more idealized and less contextually
grounded conceptions of smart technologies, while nursing staff articulated richly
contextualized and practice-informed understandings. This suggests that conceptual
differences, beyond motivational variations, are shaped by professional experience,
as revealed through our novel combination of the draw-a-picture technique and
EpistemicNetwork Analysis.
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1 Introduction

With the increasing complexity of the global healthcare system and the advancement
of artificial intelligence (AI) technologies, the focus in the medical field is gradually
shifting from traditional digital hospitals to smart hospitals (Kwon et al., 2022). A
smart hospital integrates smart technologies into medical work, procedures, and ser-
vices to enhance efficiency and the quality of patient care. The term “smart” adopted
in the present study is similar to the SMART (specific, measurable, action-oriented,
relevant, and time-bound) framework commonly used in the management field
(Kumar et al., 2023). Through smart technologies, these hospitals have enhanced
nursing procedures, technological adaptation, and training, while providing person-
alized care plans to promote proactive and preventive nursing measures. Kwon et
al. (2022) pointed out that smart technologies in medical contexts (STMCs) inte-
grate various technologies to provide services, including location identification and
tracking, high-speed communication networks, the Internet of Things (IoT), mobile
health, Al, robotics, augmented reality (AR), and remote health services. These fea-
tures indicate a shift in healthcare services towards intelligence, efficiency, and com-
prehensive development (Laukka et al., 2022; Raymond et al., 2022; Tak et al., 2023).
Holzinger et al. (2015) indicated that STMCs are gradually realizing the concept of
P4-medicine (i.e., preventive, participatory, predictive, and personalized), with the
aim of achieving more comprehensive patient care.

Several researchers have highlighted that the widespread application of Al technol-
ogies in healthcare services significantly influences clinical practice and educational
demands. Therefore, training nursing students and nursing staff in smart technologies
has become crucial (Chu et al., 2022; Lee et al., 2020). In addition, Labrague et al.
(2023) specified that the primary influencing factors on nursing students’ attitudes
toward Al include insufficient familiarity with technologies and a lack of understand-
ing and practical experience with Al. Given that nursing staff are frontline caregiv-
ers in patient care, their recognition of the roles of smart technologies is critical for
enhancing clinical care in medical and nursing contexts (Ahuja et al., 2023; Chang
et al., 2021; Lin et al., 2021). As integral members of the healthcare team in the
future, nursing students’ perspectives on STMCs are essential for designing effective
courses (Chang et al., 2024). For nursing students and nursing staff, early involve-
ment and the conceptions of STMCs are crucial for delivering high-quality care ser-
vices, adapting to future healthcare trends, and enhancing professional development
(Gaughan et al., 2022; Kwak et al., 2022b). From the perspective of healthcare pro-
fessional training, it is essential to understand the conceptions of nursing students
and nursing staff, as well as their prior knowledge and backgrounds to minimize
training disparities (Chan et al., 2019; Tsai et al., 2014; Tu et al., 2021). Hence, the
present study employed a questionnaire alongside the draw-a-picture technique, aim-
ing to explore: (1) nursing students’ and nursing staff’s learning motivation regarding
STMCs; (2) nursing students’ and nursing staff’s conceptions of STMCs, including
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aspects such as the people involved, locations, nursing activities, objects, emotions,
and attitudes, as well as the most frequently mentioned keywords expressed in their
drawings; and (3) nursing students’ and nursing staff’s conceptions of the roles of
smart technologies in nursing activities.

2 Literature review

In recent years, the focus in the healthcare field has shifted from disease treatment
towards comprehensive healthcare and preventive care, emphasizing medical con-
sumer-centered services and technological applications (Kwon et al., 2022; Manee-
jak & Yasri, 2020). The concept of STMCs has emerged, creating a highly interactive
healthcare environment through the integration of information and communications
technology (ICT), Al, digital health, and IoT (Rajaei et al., 2024). Such an environ-
ment not only optimizes medical procedures, enhances efficiency, reduces costs, and
minimizes human errors, but also plays a crucial role in improving the quality of ser-
vices in the healthcare sector (Kumar, 2023; Zhang et al., 2023). Moreover, Kroner
et al. (2023) denoted that smart technologies support healthcare professionals in
delivering high-quality, safe care services while alleviating administrative burdens.
Through the analysis of big data using Al, everyday informatics can be organized
and analyzed, providing precise and optimized medical decision-making analysis and
care measures (Forman et al., 2020; McGonigle et al., 2014). Accordingly, several
scholars have conducted pilot studies to explore the effects of using smart technolo-
gies in medical or nursing training. For example, an Al-supported learning system
developed by Li et al. (2025) and Chu et al. (2025) offers real-time learning analyt-
ics during clinical simulations, which supports educators in delivering personalized
debriefing. Moreover, Lee et al. (2025) and Lin et al. (2025) introduced a learning
platform that utilizes large language models to power conversational virtual patients
for practicing diagnostic reasoning and communication. These findings provide evi-
dence of the integration of smart technologies into nursing training, and align with
the present study’s emphasis on conceptualizing smart technologies for real-world
educational applications.

Although existing research has defined (e.g., Rajaei et al., 2024) or investigated
patients’ specific needs and preferences regarding STMCs through a survey (e.g., Tu
etal., 2022; Yoo et al., 2016), there has been limited exploration from different angles
concerning nursing students’ and nursing staff’s conceptions of smart technologies
in medical contexts. Understanding these two groups’ conceptions of STMCs will
not only help to identify their adaptability and training needs regarding the use of
advanced technologies, but will also benefit the overall quality of care (Mehta et al.,
2021). As a result, conducting in-depth research on this issue is becoming increas-
ingly important.

Past research has already verified that understanding the conceptions of smart tech-
nologies among healthcare professionals and learners not only facilitates adjustments
in teaching content and strategies of training units or teachers, but also enhances their
learning motivation and engagement, thereby promoting their professional develop-
ment (Eysenbach, 2023; Li et al., 2018; Masters, 2019). However, the conceptions
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of STMCs are multifaceted and complex. For nursing students and nursing staff, the
new technologies within medical contexts present challenges in learning and adapta-
tion. Several studies have highlighted that nurturing talent in smart healthcare tech-
nologies is a crucial task in current clinical nursing education (Chang et al., 2024;
Peddle et al., 2016). In the era of smart healthcare, understanding the conceptions
of smart technologies is particularly important for both in-service nursing staff and
nursing students. Chang et al. (2024) utilized drawing analysis to explore nurses’ and
nurse preceptors’ conceptions of learning with smart technologies, and found that
the drawings of nurses emphasized utilizing technology for information exchange
and patient education, whereas those of nurse preceptors demonstrated their attention
to innovative teaching methods and data-driven clinical decision-making. Drawing
analysis is a method that reveals learners’ inner thoughts and emotions, providing
an important complement to textual descriptions (Haney et al., 2004; Hsich & Tsai,
2017). This method not only provides students with an opportunity to freely express
their viewpoints through drawing, text, symbols, and visual elements, but also assists
researchers in gaining a deeper understanding of learners’ cognition while reducing
information gaps (Hsieh & Tsai, 2018; Lai, 2021; Liou, 2017).

Some researchers have employed the draw-a-picture technique to explore learn-
ers’ conceptions of using emerging technologies, such as Al-assisted learning (Lai,
2021), smart libraries (Tu et al., 2021), and smart healthcare (Chang et al., 2024).
Additionally, Kooken et al. (2014) adopted phenomenography as their methodologi-
cal framework, and assessed nursing students’ drawings related to homeless, men-
tally ill patients before and after their clinical internship in mental health settings.
Cruickshank (1996) utilized drawing tools to assist nursing students in demonstrating
clinical internship knowledge, while Chan (2013) explored drawing as a method to
enhance nursing students’ understanding of subject content and knowledge. How-
ever, some scholars have indicated the limitations of drawing analysis. For instance,
it may be challenging to depict the overall structure of learners’ conceptions or to
comprehensively identify co-occurrences of conceptions or dimensions (Chang &
Tsai, 2023; Tu & Hwang, 2024).

To address these challenges, building on previous research (Chang et al., 2024;
Chang & Tsai, 2023; Tu & Hwang, 2024), this study employed the draw-a-picture
technique combined with epistemic network analysis (ENA) to examine nursing stu-
dents’ and nursing staff’s conceptions of STMCs. ENA is a method to model and
visualize the structure of connections among coded elements in qualitative data, such
as discourse, reflections, or drawings (Shaffer et al., 2016). It is particularly useful
for analyzing complex thinking, collaborative learning, and conceptual development
over time. ENA works by identifying co-occurrences of coded elements, and then
quantifying and visualizing the strength of these connections as a network, where
nodes represent codes and edges represent the frequency of their co-occurrence. This
reflects the relational structures and differences among cognitive elements of differ-
ent types of learners (Shaffer, 2017). For instance, Chang and Tsai (2023) used ENA
to analyze high school students’ conceptions of technology-assisted science learn-
ing, and discovered close relationships among elements of learning concepts. Tu and
Hwang (2024) investigated the differences in cognitive network models of ChatGPT-
supported learning among university students with different learning attitudes. The

@ Springer



Education and Information Technologies

present study focused on coding the drawings and drawing captions to understand
nursing students’ and nursing staff’s conceptions of STMCs. Furthermore, ENA was
adopted to construct and analyze models, in order to not only reveal the conceptual
structures of nursing activities and the roles of STMCs among nursing students and
nursing staff, but also to assist in comparing and analyzing the differences in the con-
ceptions of these two groups.

3 Method
3.1 Participants

A total of 94 participants were involved in this study, consisting of 42 nursing staff
from a medical center in northern Taiwan that received the Smart Hospital recogni-
tion from the National Healthcare Quality Award in 2020, as well as 52 nursing stu-
dents from a university. These participants voluntarily enrolled in a training program
on STMCs, during which they completed a minimum of 3 h of training courses. The
average age of the nursing students was 21.52 years old, while that of the nursing
staff (including nurse preceptors and teachers) with over 15 years of clinical experi-
ence was 39.12 years old. This study was reviewed and approved by the Institutional
Review Board. Participants were informed of their right to withdraw from the study
at any time, without it affecting their rights in any way. To protect their privacy, the
collected data were managed anonymously and were stored on two locked research
computers.

3.2 Data collection

In this study, participants were asked to complete a two-part survey consisting of a
questionnaire and drawing tasks after finishing the training course. The entire survey
process took approximately 40 min. First, after completing the course, participants
were required to fill out a questionnaire regarding their learning motivation specifi-
cally related to smart technologies in medical contexts. The learning motivation ques-
tionnaire was adapted from Wang and Chen (2010) and was translated into Chinese.
It comprised six items, such as “I prefer learning material that satisfies my curiosity
even though it is difficult to learn.” The questionnaire adopted a 5-point Likert scale
(1=strongly disagree; 5=strongly agree). The Cronbach’s alpha value was 0.95.

Moreover, participants were invited to draw their understanding and conceptions
of STMCs on an A4-sized paper (Chang et al., 2024). In order to comprehensively
capture participants’ thoughts and feelings about STMCs, the following guiding
question was given: “Based on your understanding and experience, please draw a
picture to describe the smart hospital context.” Participants were allowed to use sym-
bols, words, mind maps, concept maps, or any mode of expression, which were all
included in the coding and analysis. Moreover, they were required to describe their
drawings in three to five sentences. Lastly, a total of 94 valid questionnaires and
drawings were collected to understand participants’ conceptions of STMCs from
multiple angles.
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3.3 Coding scheme

This study employed the draw-a-picture technique to explore participants’ con-
ceptions of STMCs. We analyzed the drawings using a standardized coding rubric
informed by Harris et al. (2009) and Bell (2012), following established protocols from
prior draw-a-picture studies (e.g., Chang et al., 2024; Hsich & Tsai, 2017, 2018) (see
Fig. 1). To understand participants’ conceptions of the roles of smart technologies in
nursing activities, we referred to previous research (Chang et al., 2024; Hwang et al.,
2024; Huang et al., 2021). Each drawing was assigned a unique ID, and open coding
was conducted on a random sample of 20 drawings to identify relevant categories and
subcategories. The initial coding checklist was developed by adapting and integrat-
ing validated frameworks, and was iteratively refined through group discussions. All
potentially relevant categories were retained—even those not observed in the ini-
tial sample—and the checklist was further supplemented using thematic frameworks
from Chang et al. (2024). The finalized checklist included six main categories and
29 subcategories. To ensure the accuracy and adaptability of the coding scheme, two
experts in the field of smart technologies in medical contexts were invited to review
and revise the categories to ensure comprehensive coverage of possible elements in
the participants’ drawings. The coding of each drawing was not limited to a single
category; that is, a drawing could contain multiple attributes. Each subcategory was
counted only once per drawing, regardless of frequency. Two independent coders
applied the coding scheme to both the drawings and their captions. The inter-coder
reliability, as measured by Cohen’s kappa, was 0.87 (Lavrakas, 2008), indicating a
high level of agreement. Any discrepancies in coding were resolved through dis-
cussion to reach a consensus. Both drawings and drawing captions were coded and
analyzed in this study.
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Figure 2 shows an example of coding a participant’s drawing. In this example,
various sections of a smart hospital were depicted. The drawing could be divided into
six sections, each demonstrating distinct features and functionalities of STMCs: (1)
Robots assisted patients in routine examinations; (2) Doctors utilized AR glasses to
conduct patient consultations, enabling family members to understand the patient’s
condition; (3) Healthcare personnel were alerted promptly to attend to patients’ con-
ditions through IoT; (4) Robotic systems were employed for surgery to minimize
medical errors to the greatest extent possible; (5) Patient-related information and
data, such as vital signs, medication records, and examinations, could be accessed
by family members at any time through the cloud system; and (6) Such functions as
automated cleaning, ambient air quality monitoring, and disinfection were included.
Additionally, this drawing highlighted the conception of paperless STMCs, such as
the sharing of medical information and data through the cloud system, and the appli-
cation of IoT in healthcare services.

Based on your understanding and experience, please draw a picture to describe the smart technologies in medical

contexts.
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Comprehensive paperless.

® The robot guides the patient to do the routine checkup.

@ Doctors use AR glasses to assist patients, while family members can also wear AR glasses to understand the
patient's condition when they are unable to accompany the patient to the doctor.

® Adrainage tube or Foley catheter is inserted into the patient's body. When the connected urine bag reaches a
certain level or becomes overfilled, the Internet of Things (IoT) can send a reminder to the nurse to manage
the situation.

@ Robotic systems are employed in surgical procedures to reduce medical errors.

® Information and data relevant to patients, including vital signs, medication records, and examination results,
can be uploaded to the cloud through smartphones or other mobile devices. This allows family members to
access and monitor this information anytime.

® Procedures for automatic cleaning, ambient air quality monitoring, and disinfection are in place.

Fig.2 An example of the coding of a participant’s drawing
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3.4 Data analysis

This study adopted a mixed methods approach, integrating both quantitative and
qualitative research methods. SPSS 26.0 was employed to analyze nursing staff’s and
nursing students’ learning motivation regarding STMCs. Since the data did not meet
the conditions of normal distribution, the Mann-Whitney U test was performed to
compare the median score differences between the two independent samples.

In addition, we conducted a Chi-square test to examine the drawings of the nurs-
ing students and nursing staff. The CKIP Tagger system (for more information, see h
ttps://ckip.iis.sinica.edu.tw/service/ckiptagger/) was used to analyze term frequency
(Ma & Chen, 2003). The results were then manually reviewed, and the term lists are
presented as word clouds to provide a more intuitive representation of the nursing
students’ and nursing staff’s primary conceptions of STMCs.

These coded visual elements from the participants’ drawings were used as inputs
to ENA to identify and compare the epistemic structures evident in the drawings of
the two groups of participants (i.e., nursing students and working staff). In this way,
the draw-a-picture method provided rich qualitative content, while ENA offered a
statistical visualization of how conceptual elements were interconnected. The inte-
gration of these two methods enabled a more comprehensive and robust analysis than
using either alone, supporting both construct validity and pattern-level interpretation
(Chang & Tsai, 2023; Tu & Hwang, 2024). The use of the draw-a-picture technique
and ENA in this study was designed as a form of methodological triangulation to
capture both individual conceptual representations and the structural patterns of par-
ticipants’ reasoning.

The drawing captions provided by nursing students and nursing staff were coded,
including for prevention and control (PC), nursing management (NM), nursing
assessment (NAS), nursing education (NE), analytics and prediction (R1), intelligent
systems (R2), assessment and evaluation (R3), and adaptive systems and personaliza-
tion (R4). Next, we utilized the ENA Web Tool (https://www.epistemicnetwork.org/)
for analysis to explore the differences in cognitive network models between nursing
students and nursing staff regarding the use of smart technologies in nursing activi-
ties. We used the tool to analyze and draw the coding results, thereby generating a
cognitive network model with nodes and connections. The size of a node represents
the occurrence of that code, while the thickness of the connecting line represents the
strength of the co-occurrence relationship between the codes (Chang & Tsai, 2023;
Shaffer, 2017; Shaffer et al., 2016). This analysis aimed to reveal differences in cog-
nition and connections regarding the application of smart technologies in the nursing
field between the two groups, thereby obtaining a deeper understanding (Chang &
Tsai, 2023; Tu & Hwang, 2024). This data analysis method allowed for systemati-
cally comparing and contrasting the conceptions of the two groups on the roles of
smart technologies in nursing activities.
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4 Results
4.1 Learning motivation

Table 1 shows the results of the Mann-Whitney U test regarding the learning moti-
vation of nursing students and nursing staff. The mean score and standard deviation
of nursing students were 4.32 and 0.56, while those of the nursing staff were 4.60
and 0.45. There was a significant difference in the learning motivation of these two
groups (U=756, Z=-2.63, p<0.01), with a medium effect size, where the nursing
staff generally exhibited stronger learning motivation. This difference might reflect
the influences of experience and professional awareness in nursing practice on learn-
ing attitudes.

4.2 Nursing students’ and nursing staff’s drawings representing their
conceptions of smart technologies in medical contexts

Table 2 shows the coding results of the nursing students’ and nursing staff’s draw-
ings. When prompted to describe STMCs, most of their conceptions involved PC
(96.81%). To be more specific, 96.15% of the nursing students and 97.62% of the
nursing staff incorporated PC into their drawings. Additionally, 80.77% of the nurs-
ing students and 69.05% of the nursing staff depicted NM in their drawings. Over-
all, 55.77% of the nursing students and 35.71% of the nursing staff did not include
participants in their drawings, while 34.62% of the nursing students and 40.48% of
the nursing staff mentioned patients. Besides, 76.92% of the nursing students and
95.24% of the nursing staff perceived those smart technologies as primarily residing
within hospital environments. In terms of objects, 67.31% of the nursing students
and 59.52% of the nursing staff specified medical equipment, while 71.15% of the
nursing students and 54.76% of the nursing staff mentioned hospital beds. Lastly,
when describing STMCs, the majority of nursing students (86.54%) and nursing staff
(80.95%) did not use any symbols to express their emotions and attitudes.
Furthermore, Table 2 shows the categories and subcategories of nursing students’
and nursing staff’s conceptions of STMCs. In terms of “participants involved,” the
most drawn subcategory was “no human drawn” (46.81%), followed by “patients”
(37.23%), “robots” (22.34%), “nurses” (17.02%), “doctors” (4.26%), and “others”
(1.06%). The majority of nursing students and nursing staff believed that “patients”
(34.62% and 40.48%, respectively), “robots” (23.08% and 21.43%, respectively),
and “nurses” (21.15% and 11.90%, respectively) were involved in the use of smart
technologies. “Doctors” were less mentioned, and a considerable proportion of draw-
ings did not include any humans (55.77% of nursing students and 35.71% of nursing
staff). This suggests that nursing students and nursing staff shared similar concep-

Table 1 The Mann-Whitney U test results of learning motivation

Variable Group N Mean SD Md U Z d

Learning motivation ~ Nursing students 52 4.32 056 421 756 —2.63" 055
Nursing staff 42 4.60 0.45 5

#p<0.01
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Table 2 Distribution of nursing students’ and nursing staff’s conceptions of STMCs

Categories and subcategories Nursing students Nursing staff Total
N (% = N/52) N (% = N/42) N (%=N/94)

Participants involved

Nurses 11 21.15% 5 11.90% 16 17.02%
Patients 18 34.62% 17 40.48% 35 37.23%
Doctors 2 3.85% 2 4.76% 4 4.26%
Robots 12 23.08% 9 21.43% 21 22.34%
Others 0 0% 1 2.38% 1 1.06%
No human drawn 29 55.77% 15 35.71% 44 46.81%
Locations

Medical field/hospital 40 76.92% 40 95.24% 80 85.11%
Home 1 1.92% 0 0% 1 1.06%
Unspecified 12 23.08% 2 4.76% 14 14.89%
Nursing activities

Prevention and control 50 96.15% 41 97.62% 91 96.81%
Nursing management 42 80.77% 29 69.05% 71 75.53%
Nursing assessment 7 13.46% 2 4.76% 9 9.57%
Nursing education 3 5.77% 0 0% 3 3.19%
Objects

Screens 15 28.85% 25 59.52% 40 42.55%
Personal computers 27 51.92% 12 28.57% 39 41.49%
Mobile devices 25 48.08% 23 54.76% 48 51.06%
Medical equipment 35 67.31% 25 59.52% 60 63.83%
Desks and chairs 15 28.85% 10 23.81% 25 26.60%
Hospital beds 37 71.15% 23 54.76% 60 63.83%
Pharmaceuticals 14 26.92% 2 4.76% 16 17.02%
None 3 5.77% 0 0% 3 3.19%
Others 2 3.85% 4 9.52% 6 6.38%
Emotions and attitudes

Positive 5 9.62% 6 14.29% 11 11.70%
Negative 1 1.92% 2 4.76% 3 3.19%

No use of affective words or symbols 45 86.54% 34 80.95% 79 84.04%

tions of the primary participants involved in the use of smart technologies. They
tended to perceive that patients were the main participants, or they chose not to depict
specific participants (see Fig. 3).

With regard to “locations,” the vast majority of nursing students (76.92%) and
nursing staff (95.24%) associated the conceptions of STMCs with hospital settings.
The Chi-square analysis revealed a significantly high frequency of “hospitals” men-
tioned in the drawings of nursing staff compared to those of nursing students (x> (1,
94)=6.15, p<0.05). Besides, in the drawings by nursing students, the frequency of
“unspecified” locations was significantly higher than that in the drawings of nursing
staff (® (1, 94)=6.15, p<0.05) (see Fig. 4 (a), (b), (c), and (d)). Additionally, both
groups rarely mentioned “home” in their drawings.

Regarding the “nursing activities” category, the majority of nursing students
and nursing staff perceived PC as a key activity of STMCs (96.15% and 97.62%,
respectively). NM was also considered important (80.77% of nursing students and
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69.05% of nursing staff), while NAS and NE were mentioned less frequently. As for
the “objects” category, nursing students most often drew “hospital beds” (71.15%),
followed by “medical equipment” (67.31%) and “personal computers” (51.92%). On
the other hand, nursing staff most often drew “medical equipment” and “screens”
(63.83%, respectively), followed by “mobile devices” (54.76%) and “hospital beds”
(54.76%). The Chi-square analysis revealed a significant difference in the category
between nursing students’ and nursing staff’s drawings (x* (8, 297)=19.40, p<0.05).
Compared to nursing staff, “personal computers” and “pharmaceuticals” appeared
more frequently in the nursing students’ drawings, with ¥2 (1, 94)=5.219, p<0.05
and %2 (1, 94)=8.08, p<0.05, respectively (see Fig. 5(a)). On the contrary, “screens”
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(b)

Fig.5 Examples of objects in nursing staff’s drawings

appeared more frequently in the nursing staff’s drawings, with x> (1, 94)=8.95,
p<0.05 (see Fig. 5(b)). This suggested that nursing students tended to perceive
“personal computers” and “pharmaceuticals” as key objects in STMCs activities.
Conversely, nursing staff emphasized the role of “screens” when depicting their con-
ceptions of STMCs. This indicates the crucial role of “screens” in delivering nursing
care services, providing information, and facilitating interdisciplinary communica-
tion, thus becoming an integral part of their daily nursing practice. However, there
were no significant differences in the subcategories of “personal computers,” “mobile
devices,” “medical equipment,” “desks and chairs,” “hospital beds,” “none,” or “oth-
ers” in the nursing students’ and nursing staff’s drawings.

In terms of “emotions and attitudes,” when drawing the medical context of smart
technologies, the majority of nursing students (86.54%) and nursing staff (80.95%)
chose “not to use affective words or symbols.” In contrast, a small number of them
showed “positive” emotions (9.62% of nursing students and 14.29% of nursing staff)
or “negative” emotions (1.92% of nursing students and 4.76% of nursing staff).
The Chi-square analysis showed no significant difference in emotions and attitudes
between the two groups (x> (2, 94)=0.81, p>0.05). This suggests that both groups
adopted a more objective and practical expression rather than an emotion-oriented
expression in their conceptions of STMCs.

In addition to analyzing the drawings by the nursing students and nursing staff, the
drawing captions were also analyzed. The word frequency information was obtained
by entering the words from the drawings into the CKIP Tagger system. After obtain-
ing the word frequency lists and reviewing the results manually, synonyms were
replaced with consistent terms, for instance, “Al” was replaced with “artificial intel-
ligence,” and “apps” was replaced with “app.” Finally, these terms were presented
in the form of a word cloud. Figures 6 and 7 show the most frequent terms in the
drawing captions by nursing students and nursing staff. It turned out that “patients”
was the highest-weighted key term in the data of both groups, indicating a shared
focus on patient-centered care among nursing students and nursing staff. Moreover,
the key terms, “hospital rooms,” “intelligent systems,” “real-time,” “information,”
and “mobile devices,” appeared in both groups’ data, specifying a shared focus on
the digitization and informatization of healthcare environments among both groups.

Furthermore, nursing students seemed to pay more attention to specific techni-
cal equipment such as “electronics,” “robots,” “tablets,” and “computers,” reflecting
their curiosity and anticipation about entering the professional environment. On the
contrary, nursing staff focused more on terms closely related to their daily work, such
as “vital signs,” “care,” and “checkups,” showing their emphasis on practical work
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Electronic (13)

Fig. 6 Word cloud by frequency count of textual descriptions in nursing students’ drawings

procedures and patient care. In addition, regarding technological applications, nurs-
ing students demonstrated greater interest in subjects such as “care management,”
“pharmaceuticals,” and “Al” This might be related to their learning content as well
as their expectations regarding future professional roles. On the other hand, nursing
staff were more interested in the terms related to current healthcare practice such as
“app,” “bracelets,” and “environmentally friendly,” which are more directly relevant
to improving work efficiency.

4.3 Differences in nursing students’ and nursing staff’s conceptions of roles of
smart technologies in nursing activities

Table 3 shows the nursing students’ and nursing staff’s conceptions of the roles of
smart technologies in nursing activities. Nursing students (36.54%) tended to con-
sider the role of R1 in smart technologies more than nursing staff (9.52%). This indi-
cates nursing students’ higher expectations for the potential of smart technologies in
future nursing work, or their greater focus on technological innovation and advance-
ments. Both nursing students (94.23%) and nursing staff (100%) highly valued the
application of R2, specifying that R2 was widely regarded as a crucial tool in nursing
education and practice. In terms of R3, both nursing students (57.69%) and nursing
staff (57.14%) considered it an important function of smart technologies, showing
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Fig. 7 Word cloud by frequency count of textual descriptions in nursing staff’s drawings

Table 3 An overview of the nursing students’ and nursing staff’s conceptions of the roles of smart tech-
nologies in nursing activities

Categories and subcategories Nursing students ~ Nursing staff’ Total

N (% = N/52) N (% = N/42) N (%=N/94)
Analytics and prediction (R1) 19 36.54% 4 9.52% 23 24.47%
Intelligent systems (R2) 49 94.23% 42 100% 91 96.81%
Assessment and evaluation (R3) 30 57.69% 24 57.14% 54 57.45%
Adaptive systems and personalization (R4) 3 5.77% 2 4.76% 5 5.32%

that R3 is an important application of smart technologies in nursing training and
practice. As for R4, its appearance in the drawings and drawing captions by nursing
students and nursing staff was 5.77% and 4.76%, respectively, suggesting that the
importance of these technologies might not be fully recognized in the nursing field.
The lower mention rates reflect a need for further understanding and exploration of
the applications and benefits of these technologies in the nursing field.

This study adopted ENA to visualize nursing students’ and nursing staff’s concep-
tions of the roles of smart technologies in nursing activities. This was achieved by
calculating the centroid of each model and using the X-axis and Y-axis of a two-
dimensional plane to display the positions of the centers of gravity (Shaffer et al.,
2016). The average positions of the centroids for these two groups were calculated.
The dots were used to represent the centroid of each participant’s model: red dots rep-
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resented the centroids of nursing students, while blue points represented the centroids
of nursing staff (see Fig. 8). Additionally, the framing lines around these squares
represented the 95% confidence intervals of the average positions of the centers of
gravity.

The distribution of red and blue dots shows that the centroids of nursing students’
models are mainly distributed on the left side of the figure, while those of nursing
staff’s models are primarily distributed on the right side. Figure 9(a) depicts a net-
work model, where red connections are relatively stronger in nursing students’ mod-
els, while blue connections are relatively stronger in nursing staff’s models.

The subtracted models (Figs. 9 (b) and (¢)) illustrated how two clusters established
different connections regarding the roles of smart technologies in nursing activities.
From the results of the Mann-Whitney U test and the centroid distributions, there
are significant differences in the conceptions of nursing students and nursing staff
(U=676.50, p=0.00, r=0.38).

From the models, two significant features were identified. First, in the nursing
students’ models (see Fig. 9 (a) and (b)), R1 appeared to be a centroid connecting R2,
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Fig. 8 Plotted dot graphs of individual models (dots) of the nursing students’ (red) and nursing staff’s
(blue) conceptions of the roles of smart technologies in nursing activities

@ Springer



Education and Information Technologies

(a) (b)

“NAS
“NE
R4

©)

R2
“R1
pc
/

R3 ors

(a).The network model for nursing students (red) and nursing staff (blue) on the roles of smart technologies in
nursing activities by smart hospital models.

(b). Subtractive model of the roles of smart technologies in nursing activities: Cluster 1 (nursing students) (in red).
(c). Subtractive model of the roles of smart technologies in nursing activities: Cluster 2 (nursing staff) (in blue).

Fig. 9 The network model for nursing students and nursing staff

R3, PC, and NM, with stronger connections compared to those of nursing staff. This
suggests that Cluster 1 (nursing students) was more inclined to view R1 as a central
or key component of these nursing activities, and perceived that these activities were
closely related to R1. This also reflected nursing students’ strong interest in data-
driven nursing practice and technological innovation.

Another significant feature could be identified from Figs. 9 (a) and (¢). In the
nursing staff’s models, R2 appeared to be a centroid connecting R3 and PC, with
stronger connections compared to those of nursing students. This indicated that Clus-
ter 2 (nursing staff) tended to focus on the application of R2 in nursing activities,
particularly in assessing patient conditions and implementing prevention and control
measures. Compared to nursing students, nursing staff prioritized the application of
intelligent systems in everyday nursing practice, particularly assessment and preven-
tive measures. This demonstrates that nursing staff had a more practical understand-
ing of and need for the application of smart technologies in nursing activities based
on their practical experience.

Additionally, such conceptions as R4, NAS, and NE had weaker or fewer connec-
tions with the roles of smart technologies and other elements of nursing activities in
medical contexts in both nursing students’ and nursing staff’s models. This implies
that these aspects were not emphasized in the conceptions of STMCs among nursing
students and nursing staff, demonstrating that nursing students’ and nursing staff’s
current conceptions of STMCs are predominantly focused on data-driven decision-
making and NM, rather than on personalized patient care or educational training.
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5 Discussion

The present study examined the differences in nursing students’ and nursing staff’s
learning motivation regarding STMCs, and explored their viewpoints on STMCs
through analysis of their drawings. The differences in nursing students’ and nursing
staff’s conceptions of STMCs and the roles of smart technologies in nursing activi-
ties were also investigated. The findings showed that nursing staff had significantly
stronger learning motivation than nursing students. One plausible explanation lies
in their differing levels of exposure to real-world clinical environments and direct
engagement with smart technologies. Nursing staff, by virtue of their daily clinical
responsibilities, are more likely to witness the practical benefits of smart technolo-
gies (Gaughan et al., 2022; Kowitlawakul, 2011). This real-world exposure likely
enhances their professional identity and task value, thereby increasing their extrinsic
and intrinsic learning motivation (Deci & Ryan, 2000). Previous studies have high-
lighted the correlation between learning motivation and confidence level in clinical
skills (Haraldseid et al., 2015; Stone et al., 2020). In contrast, nursing students often
rely on theoretical instruction or idealized conceptions of technology, which may not
fully reflect the complexity and utility of smart technologies in practice.

In addition, both nursing students and nursing staff consistently emphasized the
role of prevention and control when depicting smart hospital environments. This
shared focus may have been shaped by the recent COVID-19 pandemic, which
placed unprecedented demands on global healthcare systems, particularly in rela-
tion to infection prevention and disease management. Their responses reflect a com-
mon understanding of prevention and control (PC) as being central to contemporary
healthcare priorities and as a foundation for improving service quality and effective-
ness (Albagawi et al., 2020; Islam et al., 2020). Furthermore, both groups expressed
similar views regarding the actors involved and the nature of nursing activities sup-
ported by smart technologies in medical contexts, reinforcing the prominence of PC.
Notably, few participants incorporated affective language or imagery into their rep-
resentations of smart technology use. As current or future healthcare professionals,
their focus appeared to be more functionally driven (i.e., centering on the practical
applications of technology within clinical domains) rather than on emotional or sub-
jective interpretations. Nonetheless, nursing students and nursing staff held different
viewpoints on STMCs in terms of the “locations” and “objects” categories, which is
in line with Chang et al.’s (2024) findings. Nursing staff tended to connect STMCs
more closely with the real-life work environment (i.e., hospitals) and care procedures,
reflecting their practice-oriented approach based on clinical experience and shaping
the future healthcare environment and quality of care (Forman et al., 2020; Hwang
et al., 2022; Tak et al., 2023). In contrast, nursing students did not specify locations
when depicting STMCs, which might be because of their idealized or futuristic imag-
ination of the conceptions of STMCs (Buchanan et al., 2021; Kwak et al., 2022a).
Besides, nursing students emphasized “personal computers” and “pharmaceuticals,”
reflecting their learning background and expectations for future professional roles and
functions. On the other hand, nursing staff highlighted the importance of “screens”
because screens serve as crucial tools for information exchange, management, and
interdisciplinary communication in their daily nursing work, and thus have greater
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practical value for them. This difference was due to the practical focus of nursing
professionals. As indicated by Chang et al. (2021) and Thorell-Ekstrand and Bjorvell
(1994), nurses’ conceptions are often influenced by their clinical experience. Chang
et al. (2022) also highlighted that healthcare professionals are increasingly inclined to
apply technologies in their daily practice, such as using smart healthcare technologies
to assist in diagnosing and analyzing medical data. Some researchers have empha-
sized the conceptions of STMCs, indicating that the introduction of technologies
such as 10T, location tracking, Al, robotics, and AR/VR can effectively improve and
integrate healthcare services. This not only enhances nurses’ engagement with and
acceptance of smart healthcare learning, but also facilitates healthcare professionals’
application capabilities of these technologies (Kwon et al., 2022; Yu et al., 2012).
The application of Al in clinical practice enhances the quality of patient care, and
strengthens decision-making and predictive analysis, thereby improving the quality
of nursing education. Hence, fostering education and training in smart healthcare and
Al is critical for enhancing the involvement and leadership in emerging technologies
in the healthcare field (Frederick & Van Gelderen, 2021; O’Connor et al., 2023).

Overall, nursing students and nursing staff generally acknowledged the signifi-
cant roles of smart technologies in nursing activities, particularly in the application
of intelligent systems. However, based on the results of the ENA analysis, nursing
students and nursing staff have different foci when it comes to the application of
smart technologies in nursing. In the nursing staff models, intelligent systems played
a central role in the assessment, evaluation, as well as prevention and control aspects
of nursing. This suggests that nursing staff consider intelligent systems to be par-
ticularly crucial for enhancing the quality and efficiency of nursing, especially in
assessing patient conditions and implementing preventive measures. In contrast, in
the nursing students’ models, the connection between analytics and prediction and
other nursing activities was more evident, implying their expectations for technologi-
cal innovation and smart technology tools, such as analysis and prediction.

On the other hand, nursing staff prioritized the practical application of techno-
logical tools in improving workflow and efficiency, especially those systems that
can directly support nursing assessments and preventive measures (Buchanan et al.,
2021; O’Connor et al., 2023; Seo et al., 2023). The findings also showed weak or
fewer connections between adaptive systems and personalization, nursing assess-
ment, and nursing education with other elements of the roles of smart technologies
and nursing activities in the nursing students’ and nursing staff’s models. This implies
that these conceptions are not fully understood or accepted in nursing practice, or
are not yet fully integrated into the core components of STMCs (Castonguay et al.,
2023; Chang et al., 2024; Hwang et al., 2022). For example, nursing students might
not fully appreciate the value of applying these conceptions in practice because they
are more focused on theoretical learning than on practical application. On the other
hand, nursing staff were more concerned with technological applications directly rel-
evant to their daily workflow. These findings provide valuable insights for further
integration of smart technologies into nursing education and practice. Specifically,
the application of smart technologies for analysis, prediction, adaptive systems, and
personalized technologies in the training of nursing students and nursing staff is a
crucial direction for future development. Some researchers have advocated for the
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application of smart technologies in clinical nursing education and patient manage-
ment (Randhawa et al., 2020). In addition to enhancing the promotion or training
of smart technologies in nursing activities for nursing students and nursing staff,
other researchers have denoted that keeping track of the issues that nursing students
and nursing staff are interested in, and incorporating them into training courses can
increase their engagement and acceptance of the learning activities (Ronquillo et al.,
2021).

It is notable that although age is a commonly cited factor in the technology accep-
tance literature, with younger users often demonstrating higher levels of perceived
ease of use and openness (Tarhini et al., 2017; Venkatesh et al., 2003), our study
focused on conceptualizations of smart technologies within clinical contexts rather
than general technology acceptance. In this domain-specific context, professional
experience, particularly with actual deployment of smart technologies in patient care,
seems to play a more determinative role than chronological age. Experienced nursing
staff demonstrated more contextualized, procedural, and practice-informed concep-
tions. In contrast, the nursing students, despite their younger age and presumed digi-
tal fluency, exhibited more abstract and idealized conceptions—Tlikely due to limited
exposure to clinical technologies. This interpretation aligns with the theory of situ-
ated learning (Lave & Wenger, 1991), which posits that meaningful understanding of
tools and practices is constructed through participation in authentic activities within
real-world contexts. Prior research in medical education supports this view, showing
that conceptual development in technological domains is tightly linked to contextual
familiarity and applied practice (Tigelaar et al., 2004).

While smart technologies in healthcare are rapidly evolving, we acknowledge
that specific tools or systems discussed in this study may become outdated over
time. However, our findings focus on learners’ and practitioners’ conceptions and
motivational orientations, which are shaped by their professional roles and learn-
ing contexts. These deeper cognitive frameworks are likely to remain stable across
technological cycles, and thus provide a robust foundation for educational planning
(Pajares, 1992; Yue et al., 2024). Rather than being tied to particular technologies,
our study emphasizes how participants interpret the functions and roles of smart tech-
nologies—such as data analytics, evaluation, and decision support—within medical
contexts. As Ertmer and Ottenbreit-Leftwich (2010) suggested, understanding educa-
tors’ and learners’ beliefs is essential for fostering meaningful and sustainable tech-
nology integration. Therefore, the conceptions identified in this study can inform the
design of future-proof curricula that develop critical technology-related competen-
cies, regardless of how specific tools or platforms change over time. This approach
aligns with the broader pedagogical shift toward cultivating adaptive expertise in
healthcare education.

Notably, the findings of this study challenge prevailing assumptions about genera-
tional readiness for technology use. While younger learners are often presumed to be
more technologically adept, our results suggest they may instead hold more abstract
and idealized conceptions. In contrast, experienced nursing staff demonstrated more
contextually grounded and procedurally informed understandings. These insights
were uniquely revealed through our combined use of the draw-a-picture technique
and Epistemic Network Analysis.
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6 Limitations

This study has some limitations. First, the sample size was small and limited to nurs-
ing students and nursing staff. Caution should be exercised when generalizing the
research findings to other cases. Second, the data were collected from nursing stu-
dents enrolled in a project training course at a single university and from nursing staff
enrolled in a training course at a single hospital; therefore, the results might not repre-
sent the situations of all nursing students and nursing staff in Taiwan. Moreover, since
the students were from the same class, shared the same year of study, and had similar
clinical experience, we were unable to compare the conceptions of students with
differing backgrounds. Third, a questionnaire was employed to measure the learning
motivation of nursing students and nursing staff; other aspects such as learning atti-
tudes, information literacy, and learning anxiety were not investigated.

Furthermore, this study adopted the draw-a-picture technique as the primary data
collection method to explore and compare the viewpoints of nursing students and
nurses on STMCs and their conceptions of the roles of smart technologies in nursing
activities. The drawings revealed five categories, that is, participants involved, loca-
tions, nursing activities, objects, and emotions and attitudes. The drawing analysis
and ENA were also performed to examine the viewpoints of nursing students and
nurses regarding STMCs and their conceptions of the roles of smart technologies in
nursing activities. It is recommended that future studies include other categories or
use interviews to gain a more comprehensive understanding of their viewpoints on
STMCs.

7 Conclusions

This study aimed to explore the differences in nursing students’ and nursing staff’s
learning motivation as well as to delve into their conceptions of STMCs and the
roles of smart technologies in nursing activities through drawing analysis. Existing
literature on nurses’ conceptualizations of technology, such as Chang et al. (2022)
and Tu et al. (2021), primarily focus on a single group, typically either students or
professionals, and rely mostly on qualitative interviews or surveys. In contrast, the
present study advances the field by employing a direct comparative design between
nursing students and working staff, thus enabling a clearer picture of the develop-
mental or experience-based differences in conceptual and motivational perspectives.
Furthermore, our integration of draw-a-picture techniques with Epistemic Network
Analysis (ENA) provides a novel dual-method triangulation that visualizes and quan-
tifies not only thematic content but also the structural relationships among concepts
across groups. Identifying these differences could assist educators in developing
more targeted teaching strategies, thereby enhancing the educational effectiveness
and the quality of nursing practice. First, analyzing nursing students’ and nursing
staff’s learning motivation regarding STMCs could help identify educational needs
in nursing education.

Second, the drawings created by nursing staff and nursing students allowed a
deeper understanding of their conceptions of STMCs. This qualitative research
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method revealed areas for improvement in nursing education and offered insights
into better ways to integrate smart technologies into nursing practice. Furthermore,
assessing the differences in nursing staff’s and nursing students’ conceptions of the
roles of smart technologies in nursing activities is crucial for designing effective
training programs. This would ensure that nursing staff are able to effectively utilize
smart technologies to enhance the quality and efficiency of their nursing care. Based
on the findings of this study, the following recommendations are proposed:

Q)

2

3

Given the persistent professional roles and training demands faced by nursing
students and nursing staff in the application of smart technologies in medical
and nursing processes, it is recommended to explore the differences in these two
groups’ learning motivation, including the effects of their background, experi-
ences and technological proficiency on learning motivation. Moreover, it is
recommended to integrate more applications and practical exercises of smart
healthcare technologies into educational and training programs. It is suggested
that the issues that nursing students and nursing staff are interested in be tracked
and incorporated into training courses, thereby aligning training content more
closely with practical needs, for instance, encouraging nursing staff to engage
actively in training courses and initiatives related to STMCs to provide sugges-
tions and feedback from a user perspective.

Smart technologies play a crucial role in improving workflow, assessment, analy-
sis, and prediction in nursing activities, thereby significantly impacting the qual-
ity of healthcare services. Thus, for nursing students, it is recommended to design
teaching activities that integrate real nursing environments and procedures to
help them better understand the application of smart technologies in future work
scenarios. For nursing staff, it is essential to develop training programs that inte-
grate smart technologies with clinical skills, focusing particularly on the applica-
tion of Al in clinical decision support, predictive analysis, nursing assessment,
and nursing education. This would not only enhance the quality of nursing edu-
cation but also contribute to the professional development of nursing staff. For
instance, the integration of teaching on smart healthcare technologies such as
IoT, Al, robotics, the metaverse, and blockchain with practical nursing practice
would help improve the application capabilities of both nursing staff and nursing
students in smart technologies (Niesya & Sayeed, 2024; Wardat & Akour, 2025;
Youssef et al., 2025).

It is recommended to design training programs based on the differences in the
conceptions of the roles of smart technologies among nursing students and nurs-
ing staff. The implementation and application of smart technologies in innova-
tion, analysis, and prediction could be facilitated for nursing students. On the
other hand, nursing staff should focus on the practical application of technical
tools, such as intelligent systems in nursing assessment and preventive mea-
sures. For example, more in-depth integration of smart technologies into nursing
clinical teaching and patient management could enhance the quality of nursing
education and the efficiency of nursing practice; research and education could
strengthen nursing students’ and nursing staff’s understanding of the application
of smart technologies.
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