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Abstract

Background Clinical reasoning in general practice is essential for general practi-
tioners to deliver high-quality diagnostic and therapeutic services. However, as
an abstract competence that cannot be directly observed, it is not amenable to
assessment using traditional methods. Objective This study aims to enhance
the training efficiency of general practitioners’ clinical reasoning and enrich med-
ical education evaluation by optimizing curriculum teaching assessment meth-
ods. Methods From September to December 2022, 38 master’ s students in
general practice from Tongji University School of Medicine were enrolled and
divided into an on-the-job group (n=16) and a residency training group (n=22)
based on student source categories. The curriculum comprised three modules:
core, case, and outcome, and was delivered using a blended teaching approach.
Quantitative evaluation consisted of skill rating scales, PBL rating scales, and
case rating scales, while subjective evaluation content was derived from multi-
source feedback. Statistical analysis was performed using SPSS 22.0 software.
Results No statistically significant difference was observed between the two
groups in the core and case module scores during the initial session (P>0.05),
but statistically significant differences were found in both modules during the
final session (P<0.05). Comparisons of quantitative evaluation scores between
initial and final sessions for the entire class and for both groups in the core and
case modules all revealed statistically significant differences (P<0.001). Subjec-
tive evaluation categories were classified as positive feedback and constructive
feedback. As the curriculum progressed, the quantity and percentage of positive
feedback for both the core and case modules demonstrated a continuous upward
trend, while the quantity and percentage of constructive feedback showed a con-
tinuous downward trend. Conclusion Procedural assessment can enrich the
general practice reasoning evaluation system and facilitate students’ progressive
construction of general practice reasoning. Additionally, the flipped classroom
was identified as an effective presentation format for procedural assessment.
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Abstract

Background: Clinical reasoning in general practice is essential for general
practitioners to provide high-quality medical services. However, as an abstract
ability that cannot be directly observed, it is not suitable for evaluation using
traditional methods. Objective: This study aims to improve the efficiency of
general practitioners’ clinical reasoning training and enrich medical education
evaluation by optimizing curriculum teaching assessment methods. Methods:
From September to December 2022, 38 master’ s degree students in the general
practice track at Tongji University School of Medicine were enrolled and divided
into an in-service group (n=16) and a residency training group (n=22) based
on their student category. The course comprised three modules—core, case, and
outcome—and was delivered using a blended teaching approach. Quantitative
evaluation consisted of skill rating scales, PBL rating scales, and case rating
scales, while subjective evaluation content was derived from multi-source feed-
back. SPSS 22.0 software was used for statistical analysis. Results: There was
no statistically significant difference between the two groups in the first-session
scores for the core and case modules (P>0.05), but the final-session scores for
both modules showed statistically significant differences (P<0.05). Comparisons
of quantitative evaluation scores between the first and final sessions for the core
and case modules were statistically significant for both the entire class and each
group separately (P<0.001). Subjective evaluations were categorized as posi-
tive or constructive. As the course progressed, the number and percentage of
positive evaluations for both the core and case modules showed a continuous
upward trend, while constructive evaluations showed a continuous downward
trend. Conclusion: Programmatic assessment can enrich the evaluation sys-
tem for general practice thinking, promote the sequential construction of general
practice thinking among trainees, and we also found that the “flipped classroom”
serves as an effective presentation format for programmatic assessment.
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General practice clinical reasoning (hereinafter referred to as “GP thinking”) is a
complex competency that integrates general practitioners’ history-taking, phys-
ical examination, and interpretation of auxiliary examinations, serving as the
key to providing high-quality clinical care [?, ?]. Currently, training formats for
GP thinking have become increasingly diversified [?, ?], such as Problem-Based
Learning (PBL) and Case-Based Learning (CBL). However, evaluation of GP
thinking, as a crucial means of measuring training effectiveness, also employs
various assessment forms. Single assessment methods struggle to comprehen-
sively and objectively reflect trainees’ overall GP thinking abilities [?, ?].

According to Miller’ s Pyramid theory [?], GP thinking development progresses
through four stages: “knows,” “knows how,” “shows how,” and “does.” The first
three stages are termed “standardized assessment,” typically evaluated through
theoretical exams and skill operation tests. The “does” stage requires “non-
standardized assessment” [?, ?] because integrated professional knowledge, skills,
humanities, and collaboration—termed “domain-independent competencies” —
cannot be comprehensively evaluated by conventional methods and necessitate
combined qualitative and quantitative “non-standardized assessment” through-
out the course. Programmatic Assessment (PA), first proposed by VAN et
al. [?] in 2005, addresses both assessment requirements. It follows five principles:
“meaningful learning,” “longitudinal assessment,” “continuous feedback,” “learner-
centeredness and self-responsibility,” and “assessment for learning and as learn-
ing” [?]. PA combines the advantages of formative assessment (promoting reflec-
tion) and summative assessment (summarizing outcomes) [?], employing both
standardized and non-standardized assessments for GP thinking. Any single
assessment method functions as a “pixel” that cannot fully capture trainees’
overall GP thinking; only when sufficient “pixels” accumulate to form a clear
“image” can pass/fail decisions be made [?, ?]. Beyond optimizing instructor
decision-making, PA’ s more important function is enabling trainees to actively
construct professional knowledge and improve training efficiency [?, ?].

Clinical Reasoning in General Practice is a required competency-enhancement
course for general practitioners at Tongji University and a shared compulsory
course for two types of graduate students in the general practice track. Through
years of practice and exploration, it has achieved certain effectiveness [?, ?].
This study introduced PA into this course to explore how improved assessment
methods can enhance training efficiency and provide insights for cultivating
high-quality general practitioners.

1.1 Teaching Participants

Thirty-eight master’ s students enrolled in the Clinical Reasoning in General
Practice course in 2022 served as research subjects, including in-service general
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practitioners, specialists interested in transitioning to general practice, and res-
idents in standardized general practice training. Participants were divided into
two groups based on their learning and work experience: the in-service group
comprised 16 first-year academic master’ s students (hereinafter “in-service
trainees” ), while the residency training group comprised 22 second-year profes-
sional master’s students in the “four certificates integrated” program (hereinafter
“residency trainees” ). Participant baseline characteristics are shown in Table 1

1.2 Course Content

The Clinical Reasoning in General Practice course totaled 32 class hours. Ex-
cluding the general introduction, it was divided into three major modules: core,
case, and practice, delivered through lectures, discussions, and practical sessions.
Specific hour allocations are shown in Table 2 . The core module covered history-
taking, physical examination, auxiliary examinations, doctor-patient communi-
cation, and SOAP note writing. The case module included five categories of
typical general practice cases: health management, chronic disease management,
multimorbidity, psychosomatic disorders, and undifferentiated diseases. The
outcome module assessed trainees’ GP thinking through case presentations.

1.3.1 PA Design Philosophy

PA comprises three modules and ten principles [?, ?, 7, ?], detailed in Table 3
. The standardized assessment module includes four principles: “competency-
specific, not generic,” “objectivity differs from reliability,” “stimulus matters
more than response,” and “validity is built-in.” The non-standardized assess-
ment module also includes four principles: “bias is inherent in professional
judgment,” “assessment validity depends on the tool user,” “subjective content
matters,” and “effective feedback use.”

» o«

1.3.1.1 Standardized Assessment Module: Principles, Content, and
Application

(1) “Competency-specific, not generic” principle: Performance in one
competency test does not necessarily predict performance in others. For
instance, trainees with strong theoretical scores may not excel in practi-
cal skills—this is termed “content specificity” of clinical competence [?].
PA combines formative and summative assessment characteristics. The
framework design establishes longitudinal assessment with summative eval-
uation at course completion and formative assessment during the course.
Evaluation content must be comprehensive, assessing not only core GP
thinking competencies but also doctor-patient communication skills.

(2) “Objectivity differs from reliability” principle: Even structured, ob-
jective assessments like OSCE face reliability challenges. Test compre-
hensiveness is key, and under these circumstances, subjective assessments

chinarxiv.org/items/chinaxiv-202405.00261 Machine Translation


https://chinarxiv.org/items/chinaxiv-202405.00261

ChinaRxiv [$X]

can also be reliable [?]. Therefore, the course includes direct observation
assessments and real-time commentary as subjective evaluation methods.

“Stimulus matters more than response” principle: Assessment con-
tent is determined by “stimulus” rather than “response.” “Stimulus” refers
to assessment formats such as questions, examinations, and tests, while
“response” refers to trainees’ answering processes and results [?]. This
principle suggests focusing on stimulus quality and format, such as using
authentic cases and scenarios. All cases in this course were derived from
real general practice clinic cases [?, 7], enhancing stimulus authenticity. In
terms of format, core and case modules employed PBL and CBL “flipped
classroom” approaches, with classroom performance evaluations further
enriching stimulus variety.

“Validity is built-in” principle: This emphasizes that evaluation and
curriculum quality improvement measures include pre-assessment design,

mid-assessment guidance, and post-assessment analysis and summary [?,
?].

1.3.1.2 Non-standardized Assessment Module: Principles, Overall
Evaluation Content, and Application

(1)

“Bias is inherent in professional judgment” principle: Bias exists
in all assessments, but its impact on comprehensive professional judgment
should be minimized [?, ?]. To reduce bias, the course followed triangu-
lation principles: each quantitative assessment employed two instructors
to form a mini decision-making committee, and “flipped classroom” ap-
proaches increased instructor-trainee interaction, reducing stereotypical
impressions.

“Assessment validity depends on the tool user” principle: Instruc-
tor competency requires continuous improvement [?]. The course estab-
lished a design team and an instructor team. The design team comprised
six associate senior-level experts in general practice and medical education
who understood trainees’ baseline situations and needs before class, col-
lected feedback afterward, and made appropriate course and assessment
improvements within the overall framework while inviting peer experts to
review the course and assessment plan to ensure quality. The instructor
team comprised six general practice instructors with intermediate-level or
higher professional titles and over five years of teaching experience who
underwent unified training and trial lectures before class.

“Subjective content matters” and “Effective feedback use” prin-
ciples: When feedback becomes central to assessment, quantitative in-
formation has clear limitations if instructor-trainee interaction mediates
effective feedback, while subjective evaluation content offers advantages
[?]. Reviewing evaluation content, core competencies, communication,
and classroom performance can all use combined quantitative and sub-
jective assessment. According to PA’ s “meaningful learning” principle,
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trainees should construct GP thinking themselves, so self-directed learn-
ing ability evaluation was added. During framework design, feedback ses-
sions were included after both core and case modules, aiming to improve
trainees'next performance. Feedback methods were further improved by in-
corporating multi-source feedback (MSF) combining self-assessment, peer
assessment, instructor assessment, and standardized patient assessment.

(4) Overall evaluation: This includes “no perfect assessment method” and
“assessment drives learning” principles, suggesting that course assessments
should combine quantitative and subjective methods whenever possible,
with “scoring” followed by “commentary.”

1.3.2 Evaluation Content Design Based on “Pixel Point” Theory

Based on PA’ s “pixel point” theory [?, ?] and the course’ s three modules (core,
case, and outcome), evaluation content was refined to assess GP thinking core
competencies, communication skills, classroom performance, and self-directed
learning ability, forming “pixel points” combining quantitative and subjective
evaluation. Quantitative evaluation comprised 100-point rating scales for each
module, while qualitative evaluation consisted of subjective assessments in each
module’ s MSF, categorized as positive or constructive evaluations [?]. Posi-
tive evaluations addressed trainees’ performance strengths, while constructive
evaluations identified areas needing improvement. The final collection of “pixel
points” reflects the complete “image” of trainees’ GP thinking.

Evaluation content design is detailed in Table 4 . The core module used cus-
tom rating scales assessing logic, relevance, completeness, alignment with gen-
eral practice characteristics, and communication skills. The case module used
custom rating scales evaluating diagnostic and treatment skills, management
appropriateness, general practice environment fit, resource allocation, and case
presentation quality.

1.4 Teaching Practice Process

From September to December 2022, teaching practice was conducted with 38
general practice track master’ s students. Before the course, all trainees were
fully informed about the research content and provided consent. The first ses-
sion was a general introduction presenting the course overview to all trainees
and instructor team members, explaining the evaluation format and instructor-
trainee collaboration to establish a foundation for subsequent PA implementa-
tion. After the introduction, a baseline survey of all trainees was conducted.

The core module consisted of knowledge consolidation and practice. After
instructor-guided review, trainees played the role of doctors practicing on
standardized patients (SPs), with another trainee serving as an assistant to
help solve problems when difficulties arose. During practice, instructors, other
trainees, and SPs scored the practicing trainee, followed by MSF after the
session.
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The case module used online delivery, with each case taught in two sessions of
one class hour each: the first session involved PBL discussion, and the second
session involved trainee presentations. Before class, trainees were divided into
six groups of 6-7 members each. PBL cases were distributed 1-2 days in advance.
During the first session, each group brainstormed questions, after which the
instructor summarized and assigned questions to groups. Trainees discussed
assigned questions after class and prepared presentation materials, with group
leaders organizing discussions and instructors participating online. Each group
selected one trainee to present discussion content during the second session,
followed by instructor commentary and knowledge point summary. Instructors
and group leaders scored all trainees’ discussion and classroom performance,
with MSF providing on-site feedback after presentations.

The outcome module involved online case presentations where trainees indepen-
dently prepared a general practice-characteristic case for presentation. Materi-
als were submitted one week in advance for A-C level evaluation by instructors.
Presentations were conducted in three sessions, with presentation order deter-
mined by level evaluation results. Level A presented first, while levels B and C
reserved time, referenced level A presentations, and modified their presentations
based on on-site commentary before presenting. Two instructors scored on-site
presentations, followed by MSF after each presentation.

1.5 Statistical Methods

SPSS 22.0 software was used for statistical analysis of quantitative evaluation
results. All data were normally distributed. Measurement data were expressed
as (T + s), and count data as constituent ratios. Chi-square tests were used for
rate comparisons, and t-tests for between-group and before-after comparisons.
P<0.05 was considered statistically significant.

2.1 Quantitative Evaluation Results

Quantitative scores from this course were analyzed by comparing the two groups’
scores across the core, case, and outcome modules to understand performance
differences. Results showed no statistically significant difference in first-session
scores for the core and case modules between groups (P>0.05), but final-session
scores for both modules showed statistically significant differences (P<0.05).
Comparisons of quantitative evaluation scores between first and final sessions
for the core and case modules were statistically significant for both the entire
class and each group separately (P<0.001). Case presentation scores are shown
in Table 5 .

2.2 Subjective Evaluation Results

Transcription results were analyzed for quantity and percentage. As the course
progressed, the number and percentage of positive evaluations for both core and
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case modules showed a continuous upward trend, while constructive evaluations
showed a continuous downward trend, as detailed in Table 6 .

3.1 PA Enriches the GP Thinking Evaluation System

Based on this course’ s quantitative and subjective evaluations, PA compre-
hensively reflected trainees’ GP thinking. Previous GP thinking assessments
often used case reports, theoretical exams, OSCE, Direct Observation of Proce-
dural Skills (DOPS), and Mini-Clinical Evaluation Exercise (Mini-CEX), with
single-form teaching assessment and implementation formats leading to limited
evaluation tools and large gaps between evaluation results and trainees’ actual
thinking levels [?, ?]. This course differed from traditional evaluations by in-
tegrating subjective assessment with quantitative evaluation to conduct mixed
assessments of teaching effectiveness, enriching the GP thinking evaluation sys-
tem. Contrary to the stereotype that subjective evaluation lacks reliability,
this evaluation used multi-source feedback (MSF) combining self-assessment,
instructor-trainee bidirectional evaluation, peer assessment, and SP assessment,
conforming to triangulation principles and yielding conclusions consistent with
VAN that subjective evaluation is equally reliable when assessing advanced ab-
stract competencies [?]. Therefore, issues like theoretical exams being unable
to measure skill levels or “gastric tube insertion” operations failing to reflect
physical examination competency—problems of item sampling—can be addressed
through PA’ s mixed evaluation, which completely reflects trainees’ GP thinking.
Quantitative evaluation provides direct assessment, while subjective evaluation
provides supplementary and lateral assessment.

3.2 “Flipped Classroom” as PA’ s Presentation Format

Unlike traditional teaching, the “flipped classroom” positions trainees as the
main actors, with instructors and peers serving as learning guides and facilita-
tors to help learners internalize knowledge, emphasizing self-directed learning,
reflective communication, and collaboration [?]. This course’ s participants were
general practice track master’s students with certain professional foundations, so
instructors primarily served as guides rather than basic theory lecturers, helping
trainees construct their own GP thinking. History-taking and physical examina-
tion in the core module are “basic skills” for general practitioners’ consultation
abilities, laying the foundation for subsequently “connecting” various compe-
tencies in GP thinking. The core module focused on skill-based content, so
integrating practice allowed trainees to improve rapidly. However, the practice
emphasis was not on skill proficiency but on the “thinking” behind skill appli-
cation, hence case-based practice. To prevent trainees from failing to achieve
expected outcomes due to insufficient ability, assistant roles were created where
other trainees could help solve problems, serving both as evaluation feedback
and training. The case module used representative real general practice cases
and was the primary pathway for improving “connection” abilities. From PA
theory perspective, it was also the main process for constructing “connection”
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abilities. The case module employed PBL format but used formative longitu-
dinal evaluation—assessing after each course content to observe trainees’ GP
thinking development throughout the module. In PA design, formative evalua-
tion feedback needs adjustment to promote performance in subsequent course
content. Finally, case presentations reflected the outcomes of “connection”ability
construction. This module also required feedback integration, as only through
continuous dynamic evaluation and feedback could trainees gradually develop
active learning awareness and construct GP thinking from existing foundational
knowledge. The course fully adhered to PA’ s five principles— “meaningful learn-
ing,” “longitudinal assessment,” “continuous feedback,” “learner-centeredness and
self-responsibility,” and “assessment for learning and as learning” —ultimately
presenting “cases, practice, discussion, and feedback” through the “flipped class-
room” format.

3.3 PA Promotes Sequential Construction of GP Thinking

In PA, no single assessment result determines trainees’ final outcomes, making
individual assessment results “low-stakes” decisions [?, 7], while the collective
results of all quantitative and subjective evaluations constitute “high-stakes”
decisions. Trainee heterogeneity causing quantitative score differences has been
confirmed in previous studies [?, ?]. In this study, the two groups showed no dif-
ference in first-session scores for core and case modules, but differences emerged
in final-session scores. This may relate to PA decision “stakes.” Previously,
in-service trainees outperformed residency trainees in both core and case mod-
ules before and after courses, primarily due to practical experience. However,
from teaching format and course adaptation perspectives, both groups faced un-
known situations, resulting in no initial performance differences. As the course
progressed, in-service trainees’ experience advantages gradually dominated, lead-
ing to superior performance across all modules.

Comparisons of quantitative evaluation scores between first and final sessions for
core and case modules, along with the number of positive and constructive eval-
uations across sessions, demonstrated gradual trainee improvement, indicating
that PA can promote trainees’ gradual internalization of existing knowledge and
construction of GP thinking after general practice concept infusion. Previous
GP thinking training modes included group discussion, apprenticeship, theoret-
ical teaching, and outpatient instruction [?, ?]. Different teaching modes suit
different competency development [?], but no single mode can comprehensively
improve all trainee abilities. GP thinking is based on theoretical knowledge and
clinical skills yet requires “connecting” and flexibly applying theory and skills,
making it abstract and multifaceted, requiring integrated teaching modes. In
this PA practice, baseline pre-class surveys, in-class formative evaluation, and
post-class summative evaluation were combined to ensure course quality. PBL
and CBL design, including the innovative assistant role in CBL practice to help
trainees, followed PA’ s “assessment for learning and as learning” principle.

Feedback is key to constraining course quality, with current issues including
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missing “before” and “during” feedback and lack of trainee knowledge achieve-
ment [?]. This course’ s feedback differed from traditional formative evaluation
feedback by not only promoting trainee reflection but also using PA to con-
tinue evaluating trainees’ improvement on similar issues in subsequent courses,
thereby driving learning. Course feedback achieved “during-course” feedback
through MSF while also feeding back trainee knowledge achievement to promote
continuous course improvement and quality enhancement. Therefore, analyzing
subjective evaluation quantities revealed that as the course progressed, positive
evaluations for core and case modules continuously increased while constructive
evaluations continuously decreased. In PA-guided “flipped classrooms,” trainees
received feedback through instructor-trainee interaction, trainee practice, and
collaboration, ultimately constructing GP thinking based on their own profes-
sional knowledge and skills.

This course followed PA and Miller’ s Pyramid theoretical principles to optimize
evaluation of the required course Clinical Reasoning in General Practice for
Tongji University’ s general practice track master’ s students. By introducing
PA and conducting teaching practice, we found that PA can enrich the GP
thinking evaluation system, promote sequential construction of GP thinking,
and that “flipped classroom” serves as an effective presentation format for PA.

This study has limitations: subjective evaluation content could not be fully
presented due to space constraints. Future work will further improve this and
re-evaluate PA application effectiveness.
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