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Comparison of
time-segmented-target teaching
and traditional teaching methods
for spinal puncture: a randomized
trial

Wenxiang Qing, Han Su, Cancan Cheng, Rili Yu, Zhonghua Hu,
Xing Liu, Minghua Chen, Si Cao and Fan Zhang*

Department of Anesthesiology, The Third Xiangya Hospital, Central South University, Changsha,
Hunan, China

Objective: This study aimed to evaluate the effectiveness of a novel "Time-
Segmented-Target” (TST) teaching method compared to traditional approaches
for spinal puncture training among first-year resident physicians.

Methods: We conducted a randomized trial with 134 participants equally divided
into TST and traditional teaching groups. The TST method broke down the
spinal puncture procedure into three distinct phases (pre-operative preparation,
operation, and postoperative management along with humanistic compassion).
Each phase has clear stage teaching objectives and achievement criteria.
A reasonable time limit is set for each stage to require students to complete
their assigned tasks within the specified timeframe. The traditional method
introduce the operational steps from beginning to end, including the goals and
achievement criteria for completing each step of the operation. Both groups
received 4 h of training. Outcomes were assessed immediately after training and
at 2-month follow-up.

Results: The TST group demonstrated significantly higher competency scores
in the pre-operative preparation phase, the operational phase, postoperative
management along with humanistic compassion, and total scores (p < 0.01
for each pairwise comparison). Concurrently, the TST group exhibited shorter
operational times, and better retention of skills over time (p < 0.01 for each
pairwise comparison). Additionally, participants in the TST group reported higher
levels of proficiency, willingness, confidence, and satisfaction with teaching
(p < 0.01 for each pairwise comparison).

Conclusion: The TST teaching method proves significantly more effective
than traditional approaches for spinal puncture training, offering improved skill
acquisition, retention, and learner satisfaction. These findings suggest TST's
potential value for enhancing procedural skill education.
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time-segmented-target teaching, time limit, ssgmented teaching, spinal puncture,
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1 Introduction

Spinal puncture, a routine medical procedure, is extensively
employed in the diagnosis of neurological disorders (Margolis et al.,
2021), clinical anesthesia (Gong et al., 2025), and pain management
(Fontaine et al., 2024). The procedure’s complexity is compounded by
the intricate anatomical structure of the spine, as well as variations in
the spinal structure of special patients, including the elderly, the obese,
and those with abnormal lumbar spine anatomy (Uyel and Kilicaslan,
2021; Huang et al.,, 2024). It is challenging to perform spinal puncture,
and can potentially result in complications including bleeding, nerve
injury, and postdural puncture headache (Pirenne et al., 2023). Thus,
the spinal puncture procedure exacts a rigorous requirement for the
operator’s theoretical knowledge and technical proficiency, rendering
it a daunting skill to master. Presently, the traditional teaching method
involves a combination of theoretical lectures and model practice
(Carstensen et al., 2022; Ma et al., 2023; Overskott et al., 2024). The
objective of traditional teaching method is to master intraspinal
puncture, which introduce the operational steps from beginning to
end, including the goals and achievement criteria for completing each
step of the operation. However, it neither divides complex operations
into stage learning nor sets clear stage goals with time limits, often
resulting in a prolonged learning curve.

To elevate the learning efficiency of spinal puncture and shorten the
learning curve, our team propose the “Time-Segmented-Target” (TST)
teaching method. Based on the theory of cognitive load (Zou et al.,
2025), the TST method reduces intrinsic cognitive load through dividing
the teaching process of spinal puncture into three phases, allowing
focused mastery of each step before progression: (1) the pre-operative
preparation phase, including preparation of the operator, patient, and
supplies, (2) the operational phase, including positioning, disinfection,
draping, local anesthesia and puncture, (3) postoperative management
along with humanistic compassion. Each phase has clear teaching
objectives and achievement criteria. For example, during the
pre-operative preparation stage, students need to master the stage goals,
including preparation of the operator (dressing, verifying the patient,
signing informed consent forms), preparation of the patient (opening
venous access, exposing puncture sites), and preparation of supplies
(monitoring, disinfection, and puncture supplies, etc) (Appendix 1). In
short, the operational objectives of each step are categorized and
summarized in this stage, which are different from traditional teaching
method. Please refer to Appendix 1 for the teaching objectives and
achievement criteria of the operational phase and postoperative
management along with humanistic compassion. This method aims to
make each stage goal clear and engage in deliberate practice, aligning
with Ericsson’s principles of deliberate practice and ensuring competency
at each stage (Rajaratnam et al., 2021). Additionally, based on the
principle of time-and-motion (Harewood et al., 2008), a reasonable time
limit is set for each stage to optimize procedural efficiency, requiring
students to complete their assigned tasks within the specified timeframe.
Both teaching methods cover the safety measures and preparation (e.g.,
aseptic principles, informed consent, and patient monitoring, etc).
Teachers consistently track the students’ progress, providing essential
guidance and constructive feedback. This study aimed to evaluate the

Abbreviations: TST, Time-Segmented-Target; OSATS, Objective Structured

Assessment of Technical Skills.
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effectiveness of the TST teaching method in spinal puncture through
comparison between TST and traditional teaching group.

2 Methods
2.1 Study design

This study was a randomized trial. In this study, we applied the TST
teaching method to the teaching of “spinal puncture” in the resident
physician training course. All participating resident physicians were
randomly assigned to either the traditional method group or the TST
group through a random number table approach (Figure 1). The
traditional method group was taught using the traditional teaching
method, while the TST group was educated utilizing the TST teaching
method. Each group was instructed by an experienced anesthesiology
teacher. Both teachers had completed the resident physician teacher
training, a program certified by the Chinese Medical Doctor Association.
Both instructors were supplied with detailed lesson plans to follow. They
meticulously prepared the lessons before each class, and actively involved
their students through asking questions in class. The teaching courses for
both groups of students spanned an identical duration of 4 h. A 10 min
intermission was scheduled after every 45 min of instruction. All of these
courses were conducted in the science and education building of the
Third Xiangya Hospital. Each instructor was responsible for guiding 16
to 17 students per class, resulting in a teacher-to-student ratio of 1:16-17.

To compare the mastery of spinal puncture technique between
two groups of students, an assessment via a simulated operation was
conducted by another anesthesiology teacher who was blinded to the
grouping during the last hour of the course and 2 months post-
training (see Appendix 1 for the assessment score table). All
participants were instructed not to engage in spinal puncture practice
or seek additional training during the two-month period. Access to
simulation labs was restricted for study-related practice to prevent
unaccounted rehearsal. After the course, a questionnaire survey was
administered to the students. In the questionnaire, students were
inquired about their proficiency, willingness, and confidence in
performing spinal puncture, and satisfaction with teaching. The
results of the questionnaire were analyzed to evaluate the effects and
satisfaction of the TST teaching method (Appendix 2). The assessment
tools were adapted from validated instruments. The simulated
operation score table (Appendix 1) was based on the Objective
Structured Assessment of Technical Skills (OSATS) and was modified
for spinal puncture. Inter-rater reliability (Cohen’s x =0.89) was
confirmed during piloting. The questionnaire of participant survey
(Appendix 2) was pre-tested for internal consistency (Cronbach’s
a = 0.82). The trial was registered and approved by the Institutional
Review Board of the Third Xiangya Hospital of Central South
University (Date: 10/20/2023, Decision No: R23082). No incentives or
reimbursements were offered to the participants.

The learner attendance, the materials utilized, the educational
strategies employed, and the duration of the educational intervention
were evaluated by trained raters. The raters consisted of two doctoral-
level students who received their training from senior staff.

In the preliminary study, the average scores for simulated
operation assessment in the traditional teaching group and TST group
were 77.1 and 82.4, respectively. The standard deviation was 8.3. The
sample size was determined based on the following parameters: a
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FIGURE 1
Enrollment, randomization, and protocol of participants.

two-tailed test, with a significance level () of 0.05 and a power level
(1-p) of 0.9, ensuring an equal allocation of participants between the
two groups. To detect statistically significant differences, 53
participants for each of the two groups were deemed necessary.
Accounting for a dropout rate of 20%, we necessitated enrolling 67
participants per group for a total of 134 participants.

2.2 Participants

All participants were first-year resident physicians participating
in the residency training program at the Third Xiangya Hospital of
Central South University. They had successfully completed a five-year
undergraduate program in clinical medicine and/or a three-year
master’s program. According to the training contents and standards
established by the National Health Commission of China for resident
physicians, spinal puncture was identified as a fundamental
competency that anesthesiologists and neurologists must possess.
Therefore, we had integrated spinal puncture into their training
program. We released recruitment information from December 1st,
2023, to February 28th, 2024, inviting first-year resident physicians
to volunteer for the trial. In order to ensure that the learning starting
points of the two groups of students were consistent, we specifically
excluded those physicians who had previously received spinal
puncture training due to certain opportunities. All participants in
this study had obtained written informed consent.

2.3 Study protocol
For the traditional teaching method of spinal puncture, the

instructor first taught the basic theoretical knowledge, including the
purpose, signiﬁcance, indications, contraindications, positioning,
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and anatomy of the puncture (0.5 h in this section). Subsequently, the
instructor meticulously delineated each step of the process and
provided a detailed explanation of the technique according to the
standards of spinal puncture (0.5 h in this section). Following this,
the participants were afforded the opportunity to practiced spinal
puncture on the model (2 h in this section).

For the TST teaching method implemented by the experimental
group, initially, the instruction followed the conventions of traditional
teaching methods by commencing with the acquisition of essential
theoretical knowledge (0.5 h in this section). Then, adhering to the
established standards for spinal puncture, the instructor meticulously
segmented the operation process into three stages: the preoperative
preparation phase, the operational phase, the phase of postoperative
management and humanistic compassion. During the preoperative
preparation phase, the instructor delivered comprehensive elucidations
and demonstrations focusing on the preparations required for the
operator, the patient, and the necessary supplies. In adherence to the
teaching objectives and requirements, the participants were tasked with
accomplishing above preparations within a span of 1 min, followed by a
dedicated practice (0.5 h in this phase). During the operational phase of
spinal puncture, the participants received detailed guidance and
demonstrations covering key aspects such as positioning, disinfection,
draping, local anesthesia, and the puncture itself. They were expected
execute these tasks on the model within 6 min (1.0 h in this phase). After
the operation was completed, an explanation regarding “postoperative
management and humanistic compassion” was provided. The
participants were to perform the above tasks on the model within 1 min
(0.5h in this phase). The segmented time arrangement (1 min
preparation, 6 min operation, 1 min post-procedure management) were
derived through preliminary observational studies and pilot testing.
Adjustments were made after testing with 20 trainees (not part of the
main study) to balance feasibility and thoroughness. The instructor
highlighted critical steps and precautions at each stage, including
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patients’ positioning, selection of the puncture site, the scope of
disinfection, puncture techniques, and the maintenance of aseptic
conditions during the procedure. To consolidate their learning, the
participants would practice the entire process again (0.5 h in this section).

Before the end of the course, another instructor who was blinded
to the grouping conducted an evaluation, assigning a score to each
participant based on their demonstrated skill level.

2.4 Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics
version 26.0. The Kolmogorov- Smirnov test was applied to verify the
normality of the continuous variables. Data were presented as means
+ standard deviations for normally distributed continuous variables,
as medians and interquartile ranges for those with a non-normal
distribution, and as frequencies for enumeration data. To assess the
differences between the two groups of continuous variables, the
unpaired t test was used for data with a normal distribution, while the
Mann-Whitney U test was employed for non-normally distributed
data. Enumeration data were analyzed using the y* test. A p-value of
less than 0.05 was deemed statistically significant.

3 Results

3.1 Demographic characteristics of
participants

A total of 134 participants took part in the study. Following the
spinal puncture course, all participants independently filled out a
questionnaire. There were no significant statistical differences in
demographic characteristics, including age, gender, and educational

TABLE 1 Demographic data of participants.

10.3389/feduc.2025.1665203

level between the traditional method group and the TST method
group (p>0.05) (Table 1). Additionally, Table 1 illustrates the
participants’ prior knowledge of spinal puncture techniques. A
majority of 80.60% (108/134) had never observed an spinal puncture
procedure, while 19.40% (26/134) had witnessed it 1 to 2 times prior
to the training. None of the participants had any hands-on experience
with spinal puncture procedures. There was no record of any specific
adaptations made to educational intervention.

3.2 Mastery level of spinal puncture skills

An assessment through a simulated operation was conducted by
another anesthesiology teacher during the last hour of the course. The
mastery level of spinal puncture skills between two groups of students
are presented in Table 2. Participants who received TST teaching
demonstrated significantly higher competency scores on the spinal
puncture skill assessment compared to those in the traditional teaching
group. Specifically, the average scores of the pre-operative preparation
phase, the operational phase, postoperative management along with
humanistic compassion and total scores in the TST method group were
higher than those in the traditional method group (all p < 0.01), but
the operational time was shorter than that in the traditional method
group (p < 0.001). There was no significant difference in the aseptic
principle scores between the two groups of participants (p = 0.839)
(Table 2). No record was retained of any modifications made
throughout the course of the educational intervention.

3.3 Knowledge and skills retention

An assessment through a simulated operation was conducted by
another anesthesiology teacher at 2 months after the training. All

Variables Overall (n = 134) Traditional TST method
method (n = 67) (n = 67)
Age (years) 23.96 + 1.21 23.94+1.23 23.99 + 1.20 0.213 0.831
Male/female 53/81 25/42 28/39 0.281 0.596
Bachelor degree/master’s degree 113/21 57/10 56/11 0.056 0.812
Never seen spinal puncture * 108 (80.60%) 55 (82.09%) 53 (79.10%)
0.191 0.662
Seen 1 to 2 times spinal puncture before this training * 26 (19.40%) 12 (17.91%) 14 (20.90%)

“All students are considered to lack good training experience in spinal puncture techniques. Data are expressed as mean + standard deviation or number (%).

TABLE 2 Participants’ proficiency in spinal puncture skills after training.

Proficiency Traditional method (n = 67) TST method (n = 67)

Pre-operative preparation phase 13.65 + 1.89 15.36 +2.44 4.539 <0.001*
Operational phase 45.37 + 4.61 48.81 +5.20 4.044 <0.001%
Postoperative management along with

humanistic compassion 7.97 £0.82 8.36 £0.79 2.793 0.006*
Aseptic principle 9.78 £ 0.42 9.76 £ 0.43 0.203 0.839

Total score 76.77 £7.10 82.28 +8.51 4.073 <0.001%
Operational time (minutes) 791 +0.87 7.24+0.81 4.614 <0.001*

Data are expressed as mean + standard deviation. *p < 0.01, p < 0.001.
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participants did not receive training on spinal puncture within the 2
months. The TST group retained a higher level of knowledge and skills
related to spinal puncture. Specifically, compared to the traditional
method group, participants in the TST method group demonstrated
significantly higher scores in the pre-operative preparation phase, the
operational phase, postoperative management along with humanistic
compassion, and total scores (all p < 0.001), but the operational time was
shorter (p < 0.001) (Table 3). In contrast, the difference in scores between
2 months after the training and immediately after the training in the TST
group, including the pre-operative preparation phase, the operational
phase, postoperative management along with humanistic compassion,
and total scores were lower than those of the traditional method group
(all p < 0.01). There was no significant difference in the aseptic principle
scores between the two groups of participants at 2 months after the
training (p = 0.860). Moreover, the difference in aseptic principle scores
between 2 months after the training and immediately after the training
exhibited no significant discrepancy between the two groups (p = 0.730)
(Table 3). No record of any modifications was kept throughout the course
of the educational intervention process.

3.4 Participants subjective effects and
satisfaction evaluation of the TST method
and the traditional method

Evaluation of participants subjective effects of the TST method
and the traditional method based on three indicators, including
proficiency, willingness, and confidence in performing spinal
puncture, are presented in Table 4. The TST course participants
believed their proficiency, willingness, and confidence in performing
spinal puncture were stronger than those of participants in traditional
courses (all p < 0.01). In addition, the satisfaction of participants in
the TST method group was higher than that in the traditional method
group (p < 0.001) (Table 4).

4 Discussion

The present study aimed to compare the efficacy of TST and
traditional teaching methods in improving spinal puncture skills. Our

10.3389/feduc.2025.1665203

findings indicated that TST was a more effective teaching method for
enhancing participants’ performance and overall satisfaction in spinal
puncture compared to traditional teaching approaches.

Our results revealed that participants who received TST teaching
method demonstrated significantly higher scores and less operational
time in spinal puncture skill assessments immediately after training and
at the 2-month follow-up compared to those in the traditional teaching
method group. These suggest that TST teaching method not only
facilitates immediate skill acquisition but also promotes retention of the
skills over time. The segmented teaching of TST can better organize the
learning process, with time constraints allowing subjects to be more
focused on tasks during specific time periods. Consistent with reports of
Hardeland and Peluso, clear learning objectives enable learners to
effectively focus on key aspects of the procedure, leading to better mastery
and retention (Hardeland et al., 2017; Peluso et al., 2018). The reduction
in operational time is a critical advantage, as efficiency in performing
medical procedures is often associated with better patient outcomes and
increased satisfaction among healthcare providers (Witmer et al.,, 2022).
The TST teaching method enables subjects to efficiently and proficiently
master spinal puncture. It may contribute to reducing the operational time.

Furthermore, participants in the TST group subjectively reported
higher levels of proficiency, willingness, and confidence in performing
spinal puncture compared to their counterparts in the traditional
teaching group. This finding is significant as proficiency, willingness
and confidence to perform medical procedures are crucial for safe and
effective practice (Meffe et al., 2012; Chuan, 2020; Yu et al., 2021; Kohli
etal., 2022; Wang and Shen, 2022). The targeted nature of TST, which
allows learners to practice repeatedly with clear objectives, may
improve their proficiency and confidence to perform the procedure
successfully. This is similar to the clear educational goals observed in
virtual reality simulations (Plotzky et al., 2021). Our study also showed
that participants in the TST group had higher satisfaction compared
to those in the traditional teaching group. This increased satisfaction
could be attributed to the ease of mastering TST teaching content,
which may make the learning process easier and less intimidating.
Previous studies have also shown that the higher the availability and
acceptability of technology, the higher the satisfaction of subjects
(Rossetto et al., 2023). Moreover, the ability to see immediate progress
through targeted practice and feedback may contribute to higher
satisfaction (Cooney et al., 2014; Nielsen et al., 2023).

TABLE 3 Participants’ proficiency in spinal puncture skills at 2 months after the training.

Proficiency

After 2 months of training

TST method
(n = 67)

Traditional
method
(n=67)

p-value

Difference in scores between 2
months after the training and
immediately after the training

TST method
(n = 67)

p-value

Traditional
method (n = 67)

Pre-operative preparation phase 12.93 + 1.46 1512+ 1.91 <0.001* 0.72+0.11 0.24 +0.09 0.001%*
Operational phase 43.88 + 4.06 48.39 + 4.65 <0.001% 1.49 £0.18 0.42 £0.15 <0.001"
Postoperative management along

7.49+0.79 8.22+0.60 <0.001* 0.48 +0.07 0.13 £0.06 <0.001*
with humanistic compassion
Aseptic principle 9.61 +0.49 9.63 £0.49 0.860 0.16 + 0.06 0.13 £0.06 0.730
Total score 73.92 +£5.86 81.36 £ 6.97 <0.001% 2.85+0.29 0.93 £0.25 <0.001*
Operational time (minutes) 8.26 + 0.56 7.39 +0.57 <0.001% 0.34 +0.05 0.15+0.04 0.004%*

Data are expressed as mean + standard deviation. *p < 0.01, p < 0.001.
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TABLE 4 Participants’ subjective effects and satisfaction after training.

10.3389/feduc.2025.1665203

Subjective effects and satisfaction Traditional method TST method (n = 67)

(n =67)
Proficiency level, skilled/average/unskilled 15/40/12 37/26/4 16.280 <0.001"
Willingness to apply spinal puncture, yes/no 28/39 45/22 8.697 0.003*
Confidence in performing spinal puncture, yes/no 13/54 30/37 9.897 0.002*
Satisfaction, Satisfied/average/dissatisfied 25/42/0 50/17/0 18.930 <0.001*

Data are expressed as number. *p < 0.01, “p < 0.001.

It is worth noting that aseptic principle scores showed no significant
differences between the TST and traditional groups, which may
be related to standardized foundational training and repetitive
reinforcement. Aseptic technique is a universally mandated competency
in medical education, rigorously emphasized across all procedural
training. Both groups received identical foundational instruction in
sterile protocols during their core curriculum, which may have
overshadowed any incremental improvements from TST’s phase-specific
segmentation. Furthermore, unlike procedural steps unique to spinal
puncture, aseptic practices (e.g., hand hygiene, sterile field maintenance)
are reinforced across diverse clinical contexts, making them less
susceptible to variation between teaching methods. This consistency
highlights that TST’s advantages lie in optimizing procedural-specific
skills rather than universal competencies like asepsis.

These findings have important implications for medical education.
The adoption of TST as a teaching method for spinal puncture could
lead to improved operational proficiency, willingness and confidence,
and satisfaction with teaching.

This study has several limitations. First, it was conducted at a
single academic medical center with first-year resident physicians,
which may limit the generalizability of the findings to other
institutions or more experienced learners. Second, each group was
instructed by an experienced anesthesiology teacher in this study;
although both instructors were experienced and followed detailed
lesson plans, some variability in teaching style is unavoidable. This
could introduce a slight degree of bias. Third, the primary outcome
was assessed in a simulated environment; while this controls for
confounding variables, it does not fully capture performance in real-
world clinical settings with actual patients. The last but not the least,
the follow-up period was limited to 2 months; a longer-term
assessment is needed to evaluate the durability of skill retention.

Future research should aim to validate these findings through
multi-center studies involving a more diverse learner population.
Investigating the transfer of skills from simulation to clinical practice
is a critical next step. Furthermore, long-term follow-up studies at 6
months or 1 year would provide valuable insights into the persistence
of the TST method’s benefits. Finally, exploring the application of the
TST framework to other complex procedural skills in medicine would
determine the broader utility of this educational approach.

5 Conclusion

TST is a superior teaching method for spinal puncture compared to
traditional teaching methods. It not only improves immediate and long-
term skill acquisition but also enhances operational proficiency,
willingness and confidence, and satisfaction with teaching.
These findings support the potential benefits of incorporating
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TST into medical education curricula for spinal puncture and other
procedural skills.
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