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Abstract

Objective: To investigate the characteristics of ultrasound learning pathways, teacher role percep-
tion, and the adaptability between the assessment system and the learning ecosystem among med-
ical students within a digital learning ecosystem (a dynamic learning system jointly shaped by stu-
dents, teachers, artificial intelligence, platform-based tools, learning resources, and interactive
feedback), to analyze their associations with learning outcomes, and to explore potential directions
for restructuring ultrasound education. Methods: This was a cross-sectional survey. Questionnaire
data and course performance data were collected from 126 undergraduate students taking ultra-
sound-related courses at Fujian University of Traditional Chinese Medicine. A total of 118 valid
questionnaires were returned, of which 112 could be matched with course performance for subse-
quent analysis. The questionnaire covered three dimensions: learning pathway migration, percep-
tions of teacher roles, and the alignment between the assessment system and the learning ecosys-
tem. Theoretical examination scores, hands-on operational assessment scores, and case-analysis
scores were also collected. Descriptive statistics, between-group comparisons, and multiple linear
regression analyses were performed. Results: The most commonly used learning resources were
short videos, course platforms, and Al-assisted tools. A total of 62.7% of students reported that they
first turned to digital resources or Al when encountering learning difficulties, whereas only 12.7%
first consulted teachers. With respect to learning pathways, students in the high migration group
had higher theoretical examination scores than those in the low migration group (P < 0.001),
whereas no significant difference was found in hands-on operational assessment scores (P = 0.586).
Regarding perceptions of teacher roles, students in the high-perception group scored higher on
both hands-on operational assessment and case analysis than those in the low-perception group
(both P < 0.05). Regarding the assessment system, students with higher evaluation system misalign-
ment scores had lower case analysis scores than those with lower scores (P = 0.002). Multiple linear
regression showed thatlearning pathway migration was independently associated with theoretical
examination scores (P = 0.001); perceptions of teacher roles were independently associated with
hands-on operational assessment scores (P = 0.002) and case-analysis scores (P = 0.004); and
poorer alignment between the assessment system and the learning ecosystem was negatively asso-
ciated with case-analysis scores (P = 0.006). Conclusion: The digital learning ecosystem is funda-
mentally reshaping ultrasound medical education by operating simultaneously on three levels:
knowledge acquisition, pedagogical support, and evaluation frameworks. This multidimensional
transformation is progressively shifting the educational model from a traditional knowledge-cen-
tric approach toward a competency-based paradigm.
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Figure 1. Student usage of ultrasound learning resources
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Figure 2. Students’ preferred solutions when encountering learning problems
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Table 3. Comparison of student performance across three categories based on different levels of teacher role awareness (n =
112, scores, x+s)
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Figure 3. Regression coefficients and 95% confidence intervals for the three dimensions corresponding to the three types of
performance
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Table 5. Multiple linear regression analysis of the three dimensions corresponding to the three types of scores
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