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ABSTRACT 

 
Introduction: the specialty of Family Medicine lacks a specific curricular space 

for the development of imaging diagnostic skills.  
Objective: to evaluate the effectiveness of the didactic conception for the 

transversal development of imaging diagnostic skills in Family Medicine 
residents, using problem-based learning as the central pedagogical method.  

Methods: the research consisted of two stages. First, a didactic conception 

based on the socio-critical paradigm was validated by 15 experts. Second, a 
quasi-experimental single-group study with pre-post design and repeated 

measures was implemented at the Juana Naranjo León University Polyclinic 
(September 2024–June 2025). Of 42 residents, 30 were selected through 

stratified sampling; 28 completed the intervention. The conception was applied 
over 42 weeks in a blended modality, structured in four phases. The three-

dimensional evaluation (cognitive, procedural, affective-motivational) employed 
theoretical, empirical, and statistical methods (t-tests, repeated measures 

ANOVA, Wilcoxon, Pearson correlations).  
Results: significant improvements (p<0,001) were observed in all dimensions: 

cognition increased from 48,3 to 82,4 points; 78,6 % reached advanced level in 
procedural skills; self-efficacy rose from 2,1 to 4,3. Critical self-reflection was 

shown by 85,7 %, and a correlation between procedural skills and metacognition 
was found (p<0,01). At one-month follow-up, 71,4 % applied the protocols. 

Sensitivity analysis confirmed the findings.  

Conclusions: the results suggest that the didactic conception is effective for 
integrating the transversal development of imaging diagnostic skills in Family 

Medicine residency. 
 

Keywords: Problem-Based Learning; Imaging Diagnosis; Family Medicine. 
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INTRODUCTION 

 
Family Medicine faces the permanent challenge of preparing professionals with comprehensive 

skills to solve health problems in the community.(1) Within this professional profile, the ability to 
request, interpret, and integrate imaging diagnostic studies constitutes an essential clinical 

capacity, as most diagnostic decisions in primary care require imaging support.(1,2) 

 

A critical discrepancy is evident between practice and curriculum: while the daily clinical practice 
of family physicians demands skills for imaging diagnosis, Family Medicine residency curricula in 

Latin America, including Cuba, lack an explicit space, topic, course, or module specifically dedicated 
to its systematic teaching.(2,3) This skill is conceptualized as a complex integrated system that 

includes cognitive dimensions (technical and semiological knowledge), procedural dimensions 

(systematic interpretation, clinical correlation, report emission), and affective-motivational 
dimensions (self-efficacy, attitude toward diagnostic challenge).(4) 

 
The absence of formal curriculum does not imply irrelevance, but rather generates a gap where 

the development of this skill is relegated to opportunity, self-management, or informal transfer 
during rotations.(3,4) Previous studies in the Cuban national context have evidenced significant 

deficiencies in family physicians and residents, manifested in difficulties interpreting basic studies, 
emitting coherent reports, and correlating radiological findings with patient clinical 

presentation.(5,6) The problem, therefore, transcends the mere individual lack of knowledge; it is 
situated at a didactic-curricular level: the lack of a proposal that defines how this transversal and 

complex skill should be developed intentionally, progressively, and contextualized throughout 
residency.(5) 

 
Faced with this gap, it becomes imperative not only to implement isolated didactic strategies, but 

to propose and validate a didactic conception that contributes to the development of imaging 

diagnostic skills in Family Medicine residents from an integrative and contextual perspective. This 
is understood as a theoretical-methodological system that coherently establishes theoretical 

foundations, guiding principles, teaching objectives, contents, methods, organizational forms, 
means, and evaluation system to guide a specific teaching-learning process.(6,7) Unlike a punctual 

strategy, a conception offers a holistic framework to analyze complex educational problems in real 
curricular scenarios, especially if the content to be taught is not delimited in a conventional 

subject.(7,8) 

 

In this framework, problem-based learning (PBL) emerges as an alternative to articulate this 
conception. PBL, by promoting the analysis of real or simulated situations, clinical reasoning, 

collaborative work, and autonomous decision-making, positions itself as the optimal 
methodological pathway to develop complex skills in authentic professional scenarios, which 

surpasses the traditional memoristic model.(8) Systematic integration within a valid didactic 
conception would allow transforming this deficiency in curricular design (absence of an imaging 

module) into an opportunity for integrated and meaningful learning.(8,9) 

 
In correspondence with the above, the objective of the study was to evaluate the effectiveness of 

a didactic conception for the transversal development of imaging diagnostic skills in Family 
Medicine residents, through problem-based learning. 
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METHODS 
 

A quasi-experimental single-group study was conducted, with pre-post design and repeated 
measures. A baseline evaluation (T0), three intermediate measurements during the intervention 

(T1, T2, T3), and a final evaluation (T4) were included. This design allowed comparing each 

subject's performance with themselves and analyzing the trend of change over time. Although it 
did not substitute a controlled trial, repeated measures strengthened internal validity by reducing 

the effect of interindividual variability and allowing analysis of temporal progression. The research 
was developed at the Juana Naranjo León University Polyclinic of Sancti Spíritus, Cuba, between 

September 2024 and June 2025. 
 

The study was directed at residents with insufficient performance in imaging diagnostic skills. Of 
the 42 active residents during the period, 34 met this condition after baseline evaluation (score 

below 60 points in the cognitive test or Incipient level in the procedural rubric) and constituted the 
intervention population. From this population, a sample of 30 participants was selected through 

stratified random sampling by year of residence. This sampling decision allowed forming small 
working groups with an expert facilitator per group, a pedagogical requirement of the intervention. 

Two participants withdrew from the residency program after randomization, so 28 residents 
completed all phases (retention rate: 93,3 %). 

 

The conception was implemented by trained facilitators (imaging specialists and family physicians 
with teaching experience), trained in PBL and in the use of didactic resources. Their role consisted 

of guiding sessions, promoting reflection, and providing structured feedback, without substituting 
the institutional clinical tutor, in order to complement and enhance learning in daily clinical 

practice. 
 

The study was structured in two stages: the first, of theoretical design and validation of the didactic 
conception by a panel of 15 experts; the second, of practical implementation and evaluation of 

results through a pre-post design with repeated measures. 
 

Selection criteria were established to guarantee participant suitability and study integrity: 
 

Inclusion criteria:  
• Being an active Family Medicine resident throughout the entire period.  

• Providing written informed consent.  

• Committing to attend at least 80 % of activities.  
• Presenting insufficient performance in baseline evaluation (score <60 in the objective knowledge 

test or level 1 in the procedural rubric). 
 

Exclusion criteria:  
•  Having prior formal work experience in imaging services exceeding six months.  

• Participating concurrently in other studies or educational interventions that could affect the 
dependent variables of this research.  

• Presenting documented medical or personal conditions that limited continued participation in 
face-to-face and virtual sessions.  

• Having scheduled external clinical rotations that covered more than 30 % of the total intervention 
period. 
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Elimination criteria:  

• Demonstrably failing to comply with established research protocols.  
• Voluntarily abandoning the residency program during the course of the study.  

• Accumulating unjustified absences to more than 20 % of scheduled activities. 
 

Study variables:  

• Independent variable: The Didactic Conception, operationalized through its 42-week 
implementation strategy, whose characteristics of intensity, modality, sequencing, and 

resources have already been specified.  
• Dependent variable: The level of development of imaging diagnostic skills. This variable was 

operationalized and measured through a three-dimensional system:  
– Cognitive Dimension: Measured through continuous score (0-100) in the objective knowledge 

test.  
– Procedural Dimension: Measured through ordinal level (1-4) in the global structured 

observation rubric, with differentiated cut-off points for each year of residence.  
– Affective-Motivational Dimension: Measured through score on the Likert-type scale 

(transformed to a 1 to 5 scale) of the self-efficacy and attitudes questionnaire. 
 

Design and validation of the Didactic Conception  
The conception was designed on three fundamental theoretical-didactic pillars. First, a socio-critical 

approach that promotes knowledge construction through reflection on practice and transformation 

of the educational context. Second, a principle of meaningful learning that seeks to anchor new 
knowledge in the resident's prior cognitive structure, which guaranteed deep and applicable 

understanding. Third, a professional skills approach that holistically integrates knowledge, skills, 
and attitudes for effective performance in real scenarios. 

 
Based on these foundations, five guiding principles were derived that guided design and 

implementation:  
1. Transversality and Curricular Integration: The imaging diagnostic skill should be developed 

in an integrated and contextual manner within the resolution of clinical problems inherent to 
rotations and activities of the residency program, overcoming the fragmented approach. This 

implied articulating imaging core contents with clinical, diagnostic, and syndromic scenarios that 
residents faced in their training, without creating a parallel subject. The conception acted as a 

didactic scaffold that overlaid the existing curriculum, which enriched learning opportunities in 
real and simulated contexts.  

2. Contextualization: The teaching-learning process would be anchored in prevalent health 

problems and characteristics of the first level of care, to ensure its relevance to family physician 
practice.  

3. Progressiveness: The complexity of contents and activities would follow a gradual sequence, 
aligned with the level of development and expected responsibilities for each year of residence.  

4. Active and collaborative participation: Residents would assume the leading role in 
constructing their knowledge, fostering dialogue, teamwork, and co-construction of solutions. 

5. Metacognitive reflectivity: Explicit strategies would be incorporated to promote residents 
planning, monitoring, and evaluating their own diagnostic thinking process, fostering learning 

self-regulation. 
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Three-dimensional structure of the didactic conception  

The conception was articulated around three essential dimensions of professional skill, oriented so 
that residents integrate imaging study interpretation into their clinical reasoning in a grounded, 

efficient, and contextualized manner to primary care:  
•  Cognitive dimension: Acquisition and understanding of basic technical knowledge of main 

imaging methods and fundamental radiological semiology of most frequent diseases in primary 

care.  
• Procedural dimension: Development of practical skills for systematic image interpretation, 

clinical-imaging correlation, emission of orienting diagnostic reports, and adequate selection of 
complementary studies.  

•  Affective-motivational dimension: Strengthening of diagnostic self-efficacy, fostering a proactive 
attitude toward autonomous learning, and reducing anxiety associated with image 

interpretation. 
 

Transversal core contents  
Given that the formal curriculum of the specialty does not contemplate an imaging subject, a set 

of transversal core contents was defined, selected for their relevance to Family Medicine practice. 
These contents were not organized in an independent course, but served as a continuous thematic 

base that was developed progressively and with different depth levels throughout the four 
implementation phases of the conception. 

 

The core contents were:  
1. Principles of pertinent selection of imaging studies, based on clinical suspicion, diagnostic 

efficacy, risk-benefit, and resources available at the first level of care.  
2. Basic radiological semiology of thorax, abdomen, and osteomyoarticular system, with emphasis 

on identification of normal findings and elementary disease patterns in prevalent conditions.  
3. Methodology for systematic image interpretation, through application of standardized reading 

protocols (such as the ABCDE method for chest radiography) that ensure exhaustiveness and 
rigor.  

4. Principles for writing orienting diagnostic reports, including structure, expository clarity, correct 
use of terminology, and explicit correlation with patient clinical data. 

 
Central pedagogical method and implementation strategy  

Problem-Based Learning (PBL) was selected as the didactic strategy for its suitability to develop 
clinical reasoning and problem-solving skills in simulated practice contexts. To operationalize this 

method within the conception, a detailed implementation strategy was designed, also 

denominated, with the following specific characteristics:  
• Duration and scheduling: The intervention extended over 42 weeks, from September 2024 to 

June 2025.  
• Intensity and modality: It comprised a total of 120 teaching hours, delivered in blended 

modality. 60 % of activities were face-to-face (72 hours) and 40 % were developed virtually (48 
hours) through the Moodle platform, which allowed flexibility and access to digital resources.  

• Frequency: During the 30 weeks of intensive activity, two weekly sessions of two hours each 
were held. The remaining 12 weeks were dedicated to consolidation and follow-up activities.  

• Didactic resources: An operational manual for facilitators was prepared, a bank of 25 
anonymized real clinical cases was compiled, an interactive digital atlas of normal and pathological 

images was developed, and standardized reading and interpretation protocols were established. 
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The strategy was organized in four sequential and interdependent phases:  

• Phase I: Integral Diagnosis (6 weeks, September-October 2024). This initial phase had 
as purpose characterizing residents' starting point. It included multidimensional baseline 

evaluation, analysis of individual and group needs through a SWOT matrix, formation of 
heterogeneous collaborative groups, and signing of learning contracts with personalized goals.  

• Phase II: Progressive Immersion (12 weeks, October-December 2024). Oriented to 

building necessary foundations, this phase sequentially analyzed three content nuclei, always 
through PBL activities linked to simulated clinical problems of the first level of care: 1) Physical 

and Technical Fundamentals (12 hours). 2) Systematic Radiological Semiology (16 hours). 3) 
Principles of Contextualized Interpretation (12 hours). These nuclei did not constitute independent 

modules, but content axes that were integrated horizontally in case-based work sessions. 
Strategies such as collaborative learning and guided case study were used to guarantee that 

knowledge acquisition was at the service of diagnostic application in context.  

• Phase III: Application in Real Context (18 weeks, January-April 2025). As the central 

phase of the conception, it focused on knowledge transfer through resolution of 8 problem 
scenarios of increasing complexity. Main activities were critical image reading sessions, clinical-

imaging correlation workshops, and laboratories for emission of diagnostic reports, always with 
mentorship and structured feedback.  

• Phase IV: Consolidation and Transfer (6 weeks, May-June 2025). The final phase sought 
to consolidate learnings and promote their application in professional practice. An integrative 

evaluation was conducted through objective structured clinical examination stations (OSCEs), 

residents prepared an electronic portfolio of evidence, guided metacognitive reflection sessions 
were conducted, and each participant designed a continuous professional development plan. 

 
Three-dimensional evaluation system  

An evaluation system coherent with the three-dimensional objectives of the conception was 
designed, of both formative and summative character.  

1. Evaluation of Cognitive Dimension: An objective evaluation instrument was used: a written 
multiple-choice knowledge test (test type), composed of 50 items with a single correct answer. 

This format allowed objective and standardized measurement of declarative knowledge, unlike 
instruments based on appreciation or perception used in other dimensions. The test, with a 

maximum score of 100 points, evaluated in a balanced manner three domains: conceptual 
knowledge of physical and technical principles (16 items), knowledge of basic and advanced 

radiological semiology (22 items), and understanding of criteria for selection of diagnostic studies 
(12 items).  

2. Evaluation of Procedural Dimension: A structured observation rubric was used, which 

integrated 12 specific criteria grouped in four key domains: capacity for systematic interpretation 
(3 criteria), clinical-imaging correlation skill (3 criteria), skill in emission of diagnostic reports (4 

criteria), and appropriateness in selection of complementary studies (2 criteria). Each criterion 
was scored on a four-level mastery scale: 1 (Incipient), 2 (Developing), 3 (Advanced), and 4 

(Expert). Differentiated and realistic performance expectations were established for each year of 
residence.  

3. Evaluation of Affective-Motivational Dimension: A self-efficacy and attitudes questionnaire 
composed of 20 Likert-type items with a five-point response scale (1 = Totally disagree to 5 = 

Totally agree) was applied. The instrument, with prior validation, measured four constructs: 
perceived self-efficacy in imaging diagnosis (6 items), attitude toward autonomous learning (5 

items), valuation of collaborative work (5 items), and level of anxiety facing interpretation (4 
items, with inverted scoring).  
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4. Evaluation of Metacognition and Transfer: Self-reflection capacity was evaluated through 

a specific rubric applied to residents' electronic portfolios. Transfer of learnings to real clinical 
practice was assessed through a follow-up survey applied one month after completion of the 

intervention and through review of a sampling of clinical records. 
 

The cognitive test obtained a Kuder-Richardson 20 internal consistency index of 0,88 and a content 

validity ratio of 0,81, according to expert validation. The procedural rubric showed a Cronbach's 
alpha of 0,86 and an inter-rater agreement (Cohen's Kappa) of 0,78. The self-efficacy and attitudes 

questionnaire presented a global Cronbach's alpha of 0,89, with adequate factorial adjustment in 
confirmatory analysis (CFI = 0,93; RMSEA = 0,05). 

 

Expert validation  

The didactic conception in its entirety, including its foundations, structure, methods, and evaluation 
instruments, was subjected to a rigorous validation process by a panel of 15 experts. Experts were 

selected through calculation of their competence coefficient (K), taking into account professional 
experience (≥15 years), scientific degree (Doctor of Sciences), and indexed academic production 

on the topic. The panel was composed in a multidisciplinary manner by specialists in Medical 
Education, Imaging, Educational Research Methodology, and Family Medicine. 

 

The validation process was developed in three iterative rounds. The first round evaluated 

theoretical and contextual pertinence through a Likert scale. The second round analyzed internal 

coherence and construct validity through the Delphi method. The third round, through the nominal 
group technique, established definitive agreements. The resulting quality indicators confirmed the 

validity and reliability of the conception: an inter-judge concordance index of 0,82, internal 
consistency coefficients (Cronbach's Alpha) above 0,84 for all instruments, and a global content 

validity ratio of 0,78, which exceeded the established cut-off point. The process culminated with a 
unanimous favorable opinion. 

 

Data collection and analysis procedures  

Data collection was organized in several moments to capture process evolution: a baseline 
evaluation (T0, September 2024), evaluations during implementation (T1, T2, T3), and a final 

summative evaluation (T4, June 2025). One month after completion of the intervention, follow-up 
was conducted to evaluate transfer (T5, July 2025). 

 

Analysis of data integrated quantitative and qualitative methods in a methodological triangulation 

process. 

 

For quantitative data analysis, the following statistical techniques were employed:  

•  Descriptive statistics (means, standard deviations, frequencies, percentages) to characterize the 
sample and results.  

•  Student's t-test for related samples, to compare pre and post intervention scores in continuous 
variables with normal distribution, complemented with calculation of effect size (Cohen's d).  

•  Wilcoxon signed-rank test for one sample, to evaluate improvement in ordinal scores of the 
procedural rubric. The effect size for this test was reported through the Wilcoxon r statistic, 

calculated as Z/√N.  

•  Kruskal-Wallis test to compare baseline distributions between different years of residence.  

•  Repeated measures analysis of variance (ANOVA), to analyze the trend of change throughout 
different evaluation moments.  

•  Pearson correlation coefficient, to examine bivariate relationships between different dimensions 
of the dependent variable.  
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• A sensitivity analysis was performed through the conservative worst-case imputation approach, 

in order to evaluate the possible impact of losses during follow-up and verify consistency of 
findings. 

 

For qualitative data analysis from focus groups, interviews, and portfolios, the thematic analysis 

method was used. Two researchers performed coding independently, and discrepancies were 

resolved through discussion and consensus until reaching thematic saturation. 

 

Processing of quantitative data was performed with SPSS software (version 25), with 
establishment of a statistical significance level of p < 0.050 for all tests. 

 

The research was governed by recognized international ethical principles, enshrined in the 

Declaration of Helsinki.(10) The study protocol received formal and written approval from the 
Research Ethics Committee of the corresponding health institution. Prior to study initiation, written 

informed consent was obtained from each participating resident, after explaining objectives, 
procedures, potential benefits, minimal risks, and guarantees of confidentiality and anonymity in 

data handling. Strict protocols were established to ensure that personal and professional 
information was used for scientific purposes only. 

 

 

 

RESULTS 

 

Of the initial cohort of 30 residents, 28 completed all phases (retention rate: 93,3 %). The final 
distribution was 9 first-year, 9 second-year, and 10 third-year residents. Baseline evaluation 

confirmed insufficient performance in the skill. The mean cognitive score was 48,3 points (SD = 
8,7; range 32-67). 76,7 % of the initial sample was positioned below 60 points. Analysis by year 

of residence showed significant differences (Kruskal-Wallis: χ²(2) = 8,45; p = 0,001), with higher 
scores in third-year residents (mean = 54,6; SD = 7,1)   compared to first-year (mean = 43,1; 

SD = 6,8) and second-year (mean = 46,4; SD = 8.3). 

 

In the procedural dimension, 76,7 % was positioned at level 1 (Incipient). 40 % of third-year 
residents reached level 2 (Developing), while this level was only observed in 22,2 % of first-year 

and 33,3 % of second-year residents. 

 

In the affective-motivational dimension, 73,3 % recognized the importance of the skill, but 

perceived self-efficacy was low (mean = 2,1; SD = 0,6) and anxiety facing interpretation was high 
(mean = 1,8; SD = 0,5). 

 

During Phase III, analysis of the eight clinical cases showed progressive improvement in all 

indicators. The number of relevant findings per case increased from 2,1 (SD = 0,9) in the first 
quartile of cases to 5.4 (SD = 1.1) in the last. The percentage of grounded hypotheses increased 

from 41,3 % to 88,7 %. Clinical-imaging correlations per case increased from 1,4 (SD = 0,7) to 
4,8 (SD = 1,0), and report quality score from 4.2 to 8,9 out of 10. Interpretation time decreased 

from 18,5 to 9,2 minutes per case. Repeated measures ANOVA confirmed a main effect of 
evaluation moment (F(3,81) = 45,23; p < 0,001; η² = 0,63). 
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Final evaluation showed significant improvements in all three dimensions. Cognitive score rose to 

82,4 points (SD = 7,2; t(27) = 18,45; p < 0,001; d = 2,34). The median of global procedural level 
increased from 1 (IQR = 1-1) to 3 (IQR = 3-4) (Z = 4,68; p < 0,001; r = 0,88), and 78,6 % 

reached an Advanced or higher level. Perceived self-efficacy increased to 4,3 (SD = 0,5; t(27) = 
14,21; p < 0,001; d = 1,87). 

 

By specific procedural domains, no resident remained at Incipient level. In systematic 
interpretation, 82,1 % reached Advanced or Expert level; in clinical-imaging correlation, 75,0 %; 

in report emission, 78,6 %; and in study selection, 71,4%. Concordance in final evaluation was 
high (ICC = 0,84; 95% CI: 0,79-0,88). 

 

92,9 % rated the intervention as satisfactory or very satisfactory. Regression analysis identified 

post-intervention self-efficacy as a predictor of final procedural performance (β = 0,52; p < 0,001). 

85,7% of residents evidenced critical self-reflection in their portfolios. Correlations between 

dimensions were positive and significant (p < 0,01). The highest was observed between procedural 
dimension and metacognition (r = 0,74), followed by procedural-affective-motivational (r = 0,72). 

Other correlations are presented in Table 1. 

 

Table 1. Bivariate correlation matrix (Pearson) post-intervention (n = 28). 

Dimensions Cognitive Procedural Affective-Motivational Metacognition 

Cognitive 1,00 0,68** 0,59** 0,63** 

Procedural 0 1,00 0,72** 0,74** 

Affective-Motivational 0 0 1,00 0,66** 

Metacognition 0 0 0 1,00 

Source: Integrated analysis of post-intervention data (June 2025). **p < 0,01 

 

One month later, 71,4 % applied protocols in clinical practice. This proportion was higher in third-
year residents (90,0 %) than in second-year (77,8%) and first-year (55,6 %). 

 

Sensitivity analysis  

Under the most unfavorable scenario (worst-case imputation), pre-post differences remained 
significant in all three dimensions: cognitive (t(29) = 15,32; p < 0,001), procedural (Z = 4,45; p 

< 0,001), and affective-motivational (t(29) = 10,21; p < 0,001). Multiple imputation analysis 
showed consistent results. 

 

 

 

 

DISCUSSION 

 

Results suggest that the didactic conception is effective for developing imaging diagnostic skills in 

Family Medicine residents without need to create a specific subject or module within the study 
plan. The intervention operated as a system of PBL-based activities, articulated in phases and 

overlapped transversally to the existing curriculum, which responds to the curricular gap already 
noted in previous studies(4,5,8) and supports the transversality principle that sustains it. 
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Improvement in the cognitive dimension, particularly in clinical-imaging correlation, transcended 

isolated memorization. This suggests that sequential and contextualized articulation of contents 
within PBL scenarios facilitated applicable mental schemes to link imaging findings with clinical 

contexts. This finding coincides with what Laguna and Matuz(7) noted about knowledge organization 
in applicable networks through PBL, and with the challenge posed by Motta,(8) of integrating 

imaging findings in contextualized clinical reasoning. 

 

In the procedural dimension, significant and large-magnitude improvement was observed, with 

generalized advancement from initial elementary levels to advanced performances. This result 
supports the hypothesis that the progressive structure of the conception (Immersion and 

Application phases) through PBL favors hypothetical-deductive reasoning in technical skills, 
coinciding with what was documented by Bisbee et al.(3) and Arruzza et al.,(11) in radiological 

education. The contrast with difficulties reported in previous research(5,12) could be explained by 
the longitudinal sequence and guided, repetitive practice inherent to this intervention, aspects 

highlighted by Pedraza(13) and Lozano et al.(14) 

 

On the other hand, in the affective-motivational sphere, the notable increase in perceived self-
efficacy and decrease in anxiety constitute a fundamental pillar for learning sustainability. This 

attitudinal change suggests that the conception not only provided cognitive and procedural tools, 
but also managed to impact the affective-motivational dimension, with strengthening of autonomy 

and clinical confidence of residents. This aspect is crucial according to self-efficacy theory and 

concurs with previous experiences with PBL in medical education that report similar improvements 
in student confidence.(2,15) 

 

The correlation between procedural skill and metacognitive capacity, evaluated through portfolios, 

supports the reflexivity principle incorporated in the Consolidation phase and suggests that 
development of a complex diagnostic skill requires, in addition to practice, explicit scaffolding for 

self-reflection that facilitates learning transfer, coinciding with Ge et al.,(16) and innovative 
experiences in radiological education.(17,18) 

 

The effectiveness of the conception can be attributed, at least in part, to materialization of the 

operational transversality principle. The intervention provided a system of activities (cases, 
protocols, correlation sessions) directly applicable to clinical problems of rotations, in which the 

facilitator acted as catalyst of imaging reasoning and the clinical tutor maintained their role of 
general supervision. This dual didactic-clinical articulation could explain the integration achieved 

without modifying the formal curricular structure and supports the viability of the approach to 

close skill gaps in primary care.(15,16,17) 

 

It is necessary to recognize study design limitations. The absence of control group restricts causal 
inference, despite support from repeated measures and sensitivity analysis. External validity is 

limited by single-center sampling and by exclusive inclusion of residents with insufficient 
performance, a criterion congruent with the objective of closing gaps, but which limits 

generalization. These limitations, shared by other authors,(3,11) raise the need for replications with 
broader and more diverse samples. 

 

Theoretical validation by experts and methodological rigor strengthen the study's internal validity, 

although positive transfer to practice would require longer follow-up to evaluate sustainability, as 
suggested in recent reviews on PBL.(11,19) An essential projection would be adapting the principles 

of this conception to other transversal skills of the Family Medicine curriculum, in consonance with 
the precedent of similar pedagogical designs.(6,20) 
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Ultimately, this study makes a relevant contribution to postgraduate medical education by offering, 
more than a strategy, a didactic conception. Results suggest that it is possible to overcome theory-

practice fragmentation and develop complex skills transversally, even in absence of specific 
curricular spaces.(1,21) 

 

Thus, a contextualized and replicable solution is configured for primary care settings, where 
optimization of educational resources is crucial,(4,5) and a precedent is set for designing similar 

conceptions directed to other integrative skills in specialist training. 

 

 

 

CONCLUSIONS 

 

Results of this study suggest that the didactic conception, articulated through PBL, is associated 
with significant improvements in the cognitive, procedural, and affective-motivational dimensions 

of imaging diagnostic skills, as well as with strengthening of self-efficacy and metacognition. 
Articulation of core contents in a progressive sequence integrated to clinical rotations offers a 

pathway to address curricular fragmentation without creating a specific module. 
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