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Comparison of Four Pedagogical Approaches to Psychomotor Skills Acquisition

Statement of Need

Traditionally, surgical educators have approached psychomotor skills acquisition via the
constructivist-based "see one, do one, teach one" Halstedian technique. Other common
pedagogies include time-based (“see one, do several in a specified period of time", e.g., 1 hour)
and repetition-based ("'see one, do a specified amount of repetitions”, e.g., 5 trials) methods. In
each of these teaching methods, an expert demonstrates proper technique and observes trainees’
performances and offers feedback. In some cases, an expert surgeon uses an informal checklist to
document technical proficiency to some degree, usually by observing performance on one trail of
the task. The student-to-teacher ratio is often low, which makes it difficult to implement these
pedagogical approaches in a laboratory environment in which there are several trainees and only
one instructor. The instructor simply does not have enough time to devote individual attention to
each trainee and as such, trainees often are forced to learn from other trainees (i.e., fellow
novices). While relatively easy to implement, none of these pedagogies ensure that a trainee has
truly mastered the skill to ensure consistency and short- and long-term retention.

More recently, a small portion of the surgical community has implemented a form of Bloom’s
(1968) Learning for Mastery model renamed "proficiency-based training.” In the proficiency-
based training model, an instructional designer conducts behavioral and cognitive task analysis
by observing several experts performing a task. During the task analysis, important aspects of the
experts’ performance are recorded, such as time to completion, suture symmetry, wound
approximation, knot strength and security, and appropriate decisions. For example, in a
laparoscopic intracorporeal suturing task in a box trainer, the surgeon is required to use
laparoscopic instruments and suture to close a wound in a model that simulates a vascular
anastomosis. Dependent measures may include appropriate placement of the suture across the
wound, the number of needle “bites” required to run the suture and tie knots, whether the wound
was properly closed, whether the sutured wound leaks by running pressurized liquid through the
model, whether the knot bursts under pressure, whether knot security is compromised with gaps
between throws, and the amount of time required to complete the task. After observing several
experts, the instructional designer creates a single score which represents whether the surgeon
has passed or failed the task. A mastery criterion is set by requiring trainees to achieve a passing
score on some number of trials. Examples of mastery criteria currently used in the surgical
education literature (Brydges et al., 2008; Gallagher et al., 2005; Heinrichs, et al., 2007; Scott et
al., 2007; Stefanidis et al., 2006; Van Sickle et al., 2007) include passing scores on 3 consecutive
trails, passing scores on 10 nonconsecutive trials, and 3 passing scores on consecutive trials plus
passing scores on 10 nonconsecutive trials. These mastery criteria seem to be chosen arbitrarily
rather than on empirical data.

After mastery criteria have been set, the instructional designer creates a narrated video of an
experienced surgeon performing the task and/or written documentation of correct task
performance. During training, each student visits the skills laboratory and trains at his/her
individual pace. Training requires the student to watch the video and/or read the written
documentation, perform trials of the task, and score his/her own performance on each
performance. The student trains on the task until he/she achieves the specified mastery criterion.



Proficiency-based training requires relatively more development time because mastery levels
must be identified and a scoring schema must be created. Additionally, the proficiency-based
training paradigm may require more training time than earlier surgical education models.
However, the main benefit of proficiency-based training is that by allowing training time to vary
and keeping mastery constant, trainees receive a personalized training regiment based on the
individual’s performance rather than outside influences such as time or class size. As such, it is
believed that proficiency-based training will yield superior short- and long-term retention
compared to more traditional approaches to training. Despite the hypothesized benefits of the
proficiency-based training paradigm, the medical education community has not readily accepted
this form of training.

The proposed study will compare the Halsteadian, time-based, repetition-based, and proficiency-
based pedagogical approaches to psychomotor skills acquisition in terms of training time and
short- and long-term retention. It is important to compare various pedagogical approaches to
teaching psychomotor skills because in this era of limited work hours, residents have less time to
learn increasingly complex technical skills. If the data support the hypothesis that proficiency-
based training can result in better short- and long-term retention, then it could be set forth as the
preferred model for psychomotor skills acquisition training in surgery, as well as other
procedure-based areas of medical training.

Design

The intracorporeal suturing task from the Fundamentals of Laparoscopic Surgery (FLS) program
will serve as the instructional domain used to access the relative effectiveness of each
pedagogical approach in this study. A total of 60 of first-, second-, and third-year medical
students will be recruited as research participants. Medical students represent an ideal research
population because (a) there is not a sufficient number of surgery residents in the early stages of
training available, (b) medical students do not have sufficient domain-specific prior knowledge,
and (c) surgery residents often cannot find sufficient time to participate in research projects.
Participants will be assigned to one of four groups, with 15 participants in each group, based on a
random stratified assignment method. Stratification will be based on gender and year in medical
school.

Halsteadian Training Group

In the Halsteadian Training Group, an expert (i.e., PGY-3 surgery resident with sufficient
laparoscopic experience) will demonstrate proper technique for the task. The student will then
perform the task with guidance from the expert. Next, the student will teach the expert the proper
technique for the task while the expert performs the task under the student’s guidance. Training
time will be recorded. To assess short-term retention, the student will perform the task without
the expert’s guidance and the performance will be scored using a standard scoring rubric that
assesses knot strength and security, suture placement, pattern cut accuracy, and time to
completion. After a 4-week delay, the student will return to the laboratory and perform the task
to assess long-term retention.

Time-based Training Group
In the time-based Training Group, an expert will demonstrate the intracorporeal suturing task.
The student will then perform one trial of the task with the expert’s guidance. At this point, the




student will be allowed to perform the task as many times as possible in a 30-minute time limit.
Number of repetitions will be recorded. At the end of this training period, the student’s
performance will be scored and timed for short-term retention. After a 4-week delay the student
will return to the laboratory and perform the task again to assess long-term retention.

Repetition-based Training Group

In the Repetition-based Training Group, an expert will demonstrate the task. The student will
then perform one trial of the task with the expert’s guidance. At this point, the student will be
allowed to perform the task 20 times. Training time will be recorded. At the end of this training
period, the student’s performance will be scored and timed for short-term retention. After a 4-
week delay the student will return to the laboratory and perform the task again to assess long-
term retention.

Proficiency-based Training Group

In the Proficiency-based Training Group, participants will train to the proficiency levels as
reported by Scott et al. (2008). The following table lists the proficiency level for the
intracorporeal suturing task:

Allowable Errors Proficiency Number of Repetitions
Time Required
(seconds)

Up to 1 mm accuracy or gap error | 112 2 consecutive +

No knot insecurity 10 nonconsecutive

No model avulsion

Each student will have access to the skills laboratory to complete training at his/her pace over a
period of 5 days. The student will have access to and may view a demonstration video as often as
he/she wishes. At the end of this training period, the student’s performance will be scored for
short-term retention. After a 4-week delay the student will return to the laboratory and perform
the task again to assess long-term retention.

This study is innovative because it directly compares three traditional methods of instruction to

an emerging teaching methodology that may enhance students’ procedural skill acquisition. To

date, no studies have assessed the relative efficacy of these training techniques. The results may
pave the way for a new way of teaching psychomotor skills in medical/surgical education.

Potential Impact
The objectives for this project are:

e Determine whether proficiency-based training is a viable and more efficient training
method for psychomotor skills in medical and surgical education.

e Encourage other programs within UTHSCSA and around the country to move toward the
proficiency-based training paradigm of training psychomotor skills. Encouragement will
come in the form of publication of these data and presentations at local (e.g., faculty
development sessions on the UTHSCSA campus), regional (e.g., Texas Association of
Surgical Skills Laboratories), and national (e.g., Association of Surgical Education)
conferences.



Evaluation Plan

The first objective (i.e., determining whether proficiency-based training is viable and more
efficient than traditional training methods) will be assessed by analyzing the data collected in this
study. Training time data for each of the four conditions will be compared using analysis of
variance (ANOVA). For the Halsteadian, repetition-based, and proficiency-based training
groups, training time will vary among participants. For the time-based group, training time will
be the same for all participants (i.e., 30 minutes).

Training repetitions data for each condition will be compared via ANOVA. For the Halstedian
group, repetitions will be the same for all participants (i.e., 1 guided trial + 1 teaching trial). For
the repetition-based group, repetitions will be the same for all participants (i.e., 1 guided trial +
unguided 5 trials). For the time-based group, repetitions will vary among participants (i.e., 1
guided trial + n unguided trials). For the proficiency-based group, repetitions will vary among
participants.

Short- and long-term procedural skill retention data will be analyzed via ANOVA using
performance score and completion time as dependent measures.

The second objective (i.e., encouraging other programs to implement proficiency-based training
to teach psychomotor skills) will be assessed longitudinally by frequently monitoring PubMed
and conversing with fellow medical/surgical educators. It is expected that proficiency-based
training will become a training standard, but acknowledged that this will take time.

Plan for Continuation

Due to the nature of this project, there is no plan to continue this research beyond this initial
funding period. However, potential continuation projects will involve developing additional
psychomotor skills curricula using the proficiency-based training methodology (e.g., vascular
and bowel anastomotic techniques, laparoscopic cholecystectomy, and laparoscopic Nissen
fundoplication).

Budget Plan and Cost Sharing
Please refer to the attached budget worksheet.
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