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ABSTRACT
Introduction: In orthotics and prosthetics education, there is a need for objective means of tracking and assessing hand skills
development. These specialized skills are essential for clinicians when fabricating and modifying patients’ devices but are not
learned in the same manner as theoretical knowledge. This research is the foundational step in designing and implementing
a Hand Skills Test (HST) methodology and rubric within the context of the Baylor College of Medicine’s Orthotics and Prosthet-
ics program. This study addresses the challenge of objectively evaluating students’ hand skills acquisition and competency,
which is a key component of clinical education.
Methods: Trials were administered at the onset and conclusion of participants’ first year at the program. Five tasks common in
the field were selected: metal bending, riveting, plastic flaring, foam skiving, and plastic polishing. Rubrics were designed to as-
sess the task products. After reviewing the grading process, revisions were made to increase efficiency, testing content validity,
and interrater reliability.
Results: Rubric revision increased grader percent agreement minimally. Percent agreements for all evaluations were in the up-
per 80s, which is within the acceptable range. Participants’ HST minimum scores increased, and the variance of scores decreased
scores between trials 1 and 2. The results follow expected trends, lending credibility to this assessment tool.
Conclusions: This research is the preliminary phase of the study, which will collect testing data for the Baylor College of Med-
icine’s Orthotics and Prosthetics program cohorts through 2029. Future investigations will examine trends in hand skill devel-
opment during participants’ time at the program. The goal of this project is to create an assessment tool to help identify how
these specialized skills are learned and refined.
Clinical Relevance: By better assessing and understanding the acquisition of hand skills, orthotics and prosthetics clinical edu-

cation can be enhanced to best meet learners’ needs. (/ Prosthet Orthot. 2025;37:148-152)
KEY INDEXING TERMS: hand skills, curriculum development, O and P education

INTRODUCTION

In graduate level clinical education for orthotics and prosthetics
(O&P), much of the training takes place in the classroom, studying
anatomy, biomechanics, and the principals behind O&P devices. In
addition to this theoretical knowledge, clinicians working in the
field are expected to fabricate or modify these devices, necessitating
the teaching of requisite hand skills. The principles and methods
needed to perform these skills safely can be discussed in the class-
room, but mastery is obtained by combining that understanding
with observation and practice.! Assessing learners’ hand skill
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competency is difficult due to its subjective nature, yet necessary
in education.

The Commission on Accreditation of Allied Health Education
Programs (CAAHEP) lists 20 foundational content areas required
for master’s programs in O&P, one being these hands-on “tech-
nical skills.” This is defined in part as “the study and supervised
practice of the psychomotor skills necessary to ensure safe and
appropriate use of tools and equipment to formulate and imple-
ment orthotic/prosthetic treatment plans.” At Baylor College of
Medicine’s Orthotic and Prosthetic program, hand skills are
taught throughout two semesters of Technical and Safety Skills
(TSS) classes.

There have been many studies assessing the best methods for
teaching psychomotor skills in various health care fields."* Un-
derstanding effective training methods for teaching these unique
types of skills is imperative, but equally important is using stan-
dards to measure the acquisition and competency of these skills.
Having a way to monitor O&P hand skill acquisition and deter-
mine competency means establishing a system to objectively eval-
uate and track learners’ progress.

Other health care fields have also developed curriculum around
the combined education of theoretical knowledge and psycho-
motor skills. Research in these other fields looks at factors that
play a role in predicting the success of trainees and how to rate
competency.*® The fields of dentistry, physical therapy, and
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surgery have developed simulations, virtual reality assessments,
and task-specific tools to objectively rate trainees’ hand skill
learning.®™® Our goal with this research is to establish a similar
assessment tool for O&P education.

METHODS

STUDY PARTICIPANTS

This study was approved by the Institutional Review Board at
Baylor College of Medicine.

Participants in this study are students at BCMOP, in the grad-
uating class of 2024. Inclusion criteria were as follows:

Current BCMOP students.

Enrolled in either TSS I or II.

A minimum of 1 month of classroom instruction in hand
skills fundamentals for safety.

e No previous technical experience is required for program en-
rollment, although 150 hours of clinical shadowing are sug-
gested for program applicants.

Students could decline from being included in the study, al-
though they were still required to complete the testing as a part
of TSS curriculum. Additionally, per laboratory safety rules, stu-
dents were advised that they may opt out of any task if they do
not feel comfortable using required machinery.

TSS curriculum introduces, educates, and evaluates technical
skills necessary for completion of core O&P competencies. Demo-
graphic data about students’ prior O&P experience have not yet
been collected; however, there are plans to do so in the future
to help analyze baseline performance variation.

TRIAL 1

The BCMOP curriculum is made up of 12 months in the
classroom, followed by 18 months of clinical residency. Testing
for this study takes place twice during those first 12 months.
Trial 1 occurs in the 2nd month, and trial 2 occurs in the 12th
month. Each trial consists of the O&P Hand Skills Test (HST),
which was formalized for the purpose of this research and ad-
ministered as part of BCMOP’s TSS I and TSS II classes.

Prior to trial 1, students have been introduced to HST tasks,
with an emphasis on safe completion of fundamentals, but have
not had time to refine skills through practice or self-study. Trial
1 establishes baseline scores before prolonged exposure to hand
skills during TSS. Trial 2 happens after the year of onsite educa-
tion, training, and repetition of hand skills. During this year, stu-
dents regularly utilize hand skills while completing the projects
within their core courses. Students receive feedback on the crafts-
manship and functionality of their projects from BCMOP faculty
and patient models.

TESTS

The HST is a formalized assessment derived from previous TSS
evaluation tools. Tasks included in the HST are meant to capture
and objectively assess the execution of tasks frequently used by
O&P clinicians. Many hand skills fit this criterion; however, those
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included in this study had to be easily repeatable and utilize de-
pendable equipment. The initial tasks selected were metal bend-
ing, riveting, plastic forming, foam skiving, and plastic polishing.

Documents were created for each task listing and illustrating
materials/equipment, safety considerations, steps, and ideals
for the finished product (see Document, Supplemental Digital
Content 1, http://links.lww.com/JPO/A144). Documents are
emailed to participants 1 week in advance of testing, reviewed
just prior to the trial, and are provided at each station during
the HST. Participants are asked to read the instructions and ref-
erence documents as needed; however, familiarization with the
content is up to individuals.

HST takes place in the O&P laboratory at Baylor College of
Medicine, with stations set up for each task. Stations are equipped
with all necessary tools, equipment, documents, and an example
of the finished product. HST trials start with gathering partici-
pants for instructions. Task documents and explanation of station
rotation and timekeeping are read aloud (see Document, Supple-
mental Digital Content 2, http:/links.lww.com/JPO/A145). Boxes
are issued to each person, containing necessary task materials, a
pen, and a timecard (see Document, Supplemental Digital Con-
tent 3, http:/links.lww.com/JPO/A146). Boxes are labeled with a
letter, and proctors record participants’ names with the corre-
sponding letters.

A proctor with a stopwatch is stationed in the area. Eight mi-
nutes are allotted for completion of each task. If a participant fin-
ishes early, they self-report their time on the timesheet. If they do
not complete a task in the given time, “incomplete” is marked on
the timesheet. Once the HST is complete, task products are la-
beled with the box letter, grouped by task, and are kept in the
locked laboratory office until grading takes place. Timesheet data
are deidentified and entered into a database by the researchers.

Three existing validated tests are also conducted along with
the HST in each trial:

¢ The Purdue Pegboard Test (assessing manual dexterity)
o Grip strength testing using a dynamometer
¢ The Revised Purdue Spatial Visualization Test (PSVT-R)

These tests were chosen based on their perceived relevance to
the chosen O&P hand skills, as well as their inclusion in testing
for similar technical professions.'®'2 Testing is done in accor-
dance with manufacturer or designer written standards. At this
time, data have been collected with plans for correlation analysis
in the future.

GRADING

Separate rubrics were created for each of the five tasks to assess
the products’ craftsmanship and accuracy to instructions. Rubrics
analyzed between 8 and 11 characteristic items. Each task product
was assigned an item score by three different graders, and those
were tallied to give an overall score from each grader. Graders were
certified clinicians and BCMOP faculty who were educated on
rubric use prior to grading. They had paper scorecards that were
collected by the researchers, and the data were entered into the
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spreadsheet. After initial grading of trial 1, graders were asked
for their input on the process.

RUBRIC REVISION

When assessing technical skills, Aggarwal highlights the im-
portance of not only reliability and objectivity, but ease of per-
forming the evaluation.'® Graham builds on that to say that a
rubric’s efficiency can impact the consistency of the grader.'*
The intended scope of future research using the HST and grading
rubrics is 5 years, with trials eventually taking place three times
per year. For these reasons, we sought the graders’ feedback to
improve the process. Ease of the process is critical for continued
participation of graders. According to their input, time involve-
ment was the biggest concern. Although time spent grading varied
among the graders, it was not uncommon to exceed 30 minutes
to grade only one of the total five tasks. There was also feedback
that the paper scorecard system was not straightforward since
some items required nuanced grading on a scale of quality,
and the graders preferred a binary 0-1 grading metric for each
task for ease and speed.

SYSTEMATIC REVIEW

Other factors that were examined when editing the rubric
were interrater reliability and internal consistency. Interrater
reliability was examined by calculating grader percent agree-
ment (PA). Individual rubric items with especially low agree-
ment were reviewed by an expert panel. Interitem correlation
was used to determine if multiple items on the rubric were re-
lated to each other (for instance, if one item was checked yes,
then the second item was also always checked yes, meaning that
they did not grade distinct measures of quality). If two items had
high correlation, they were combined, thus reducing redun-
dancy. Cronbach’s alpha also examines internal consistency and
determines how well items measure task characteristics. If inter-
nal consistency could be improved by removing an item, it was re-
viewed and possibly deleted based on expert opinions. Figure 1 di-
agrams this process.

Revisions to the rubric were done with four primary goals: re-
duce grading time, increase grader clarity, increase interrater
reliability, and improve internal consistency. Based on the ex-
pert opinion reviews, some items were deleted, combined, and
reworded. Items were converted to a dichotomous yes/no for-
mat, and the rubric was changed to an online format. Addition-

C24 Trial 1 of HST

Graders interviewed about
rubric and grading process

Is an item's % agreement
below 75%2

Figure 1. The systematic process for improving the initial rubric, using
grader feedback and calculation of interrater reliability and internal
consistency, with the intention of creating a more efficient and reliable
evaluation process.
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ally, the number of graders was increased to 4 to reduce
interrater agreement by chance. The revised rubric is available
to view in the additional materials accompanying this paper
(Document, Supplemental Digital Content 4, http://links.lww.
com/JPO/A147).

TRIAL 2 (CHANGES TO TESTING)

In addition to rubric revisions, changes were made to the
testing process to improve efficiency for participants and re-
searchers. Modifications were made using trial 1 insights, while
being sensitive to the integrity of the HST. The metal bending
task was eliminated for several reasons:

¢ The skill is not taught until semester 2, so there is no intro-
duction prior to trial 1.

e Only one curriculum project features this technique, so
there is less opportunity to practice and improve.

e Metal bending is a complex skill, and while it is covered by
CAAHEP standards, in a clinical setting, it is usually executed
by experienced technicians (not clinicians).

¢ Eliminating metal bending focuses the HST on more critical
hand skills for clinicians and cuts down on overall grading time.

Other changes to the HST included increasing station time
from 8 minutes to 10 (which meant overall testing time per stu-
dent remained 40 minutes). Also, machinery is available to have
two participants working simultaneously at each station, cut-
ting down on testing time.

RESULTS

Interrater reliability was examined from trial 1 grading with
the initial rubric, and those data were used to systematically edit
the grading process to produce a revised rubric. The same mea-
sures were used to compare grading of trial 1 and trial 2 with the
revised rubric. When independently assigning a score for an
item, ideally all graders would be in complete agreement; how-
ever, this is improbable. Agreement was examined by calculating
PA between graders for each item of each task on the rubrics, as
well as overall task PA, and an overall HST Trial PA. Literature
suggests that PA between 75% and 90% is acceptable, with the
fewer rating levels in a rubric, the higher the acceptable PA
should be.***> With our initial rubric being mostly dichotomous,
and the revised rubric being entirely dichotomous, we wanted
our PA to be as high as possible.

Trial 1 overall HST PA with the initial rubric was 86.1%. Al-
though this is well between the 75% and 90% range, we chose to
rework the rubric for the reasons described in the methods sec-
tion, with one objective being to increase PA. After revising the
rubric and regrading trial 1, the overall HST PA went up slightly
to 88.4%. Trial 2 was only graded with the new rubric, and the
overall HST PA was 87.2% (see Table 1).

Standard deviation was calculated per grader, per task, to ex-
amine the variance of scores within a trial. Between trials, stan-
dard deviation decreased 75% of the time, indicating less vari-
ance in graders’ overall task scores for trial 2 (see Table 2). When
looking at the lowest (minimum) overall scores assigned by
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Table 1. Graders’ percent agreement for trial 1 increased slightly after
the rubric was reworked.

Trial 1 Trial 1 Trial 2

Initial Rubric Revised Rubric Revised Rubric
Riveting 89.9% 92.2% 92.0%
Flaring 87.1% 91.8% 91.1%
Skiving 85.8% 87.7% 83.8%
Polishing 81.5% 83.7% 81.9%
Overall HST 86.1% 88.9% 87.2%

Percent agreements for all three grading attempts are within 2.8% of each
other, indicating minimal impact of the rubric revisions, bolstering the
means of our assessment.

graders per task, 81% of the time the lowest assigned score for
trial 2 was higher than the lowest score assigned for trial 1.

Individual participants’ scores between trials 1 and 2 can be
compared using the revised rubrics scoring. This is something
that future researchers will be looking at in depth once more
data have been collected. For now, we made simple calculations
to help us understand the differences between the rubrics. For
the overall HST, 65% of participant’s task scores improved between
trial 1 and trial 2. Between the trials, class averages changed as
follows: riveting decreased 2.09%, flaring had a 0.76% increase,
skiving 20.21% increase, and polishing 27.92% increase
(Figure 2). This translates to an overall HST improvement of
11.70% for the class of 2024.

DISCUSSION

The HST is only beneficial as a means of objective skill acqui-
sition assessment if grading is consistently repeatable between
trials and graders. In reworking the rubric, one of the objectives
was to increase the PA to make it more reliable. The difference
between the initial and revised rubric increased 2.8% for trial
1. Although this is a slight improvement, both PAs plus the trial
2 grading are all well within the acceptable window, indicating
an appropriate degree of interrater reliability. PA similarity indi-
cates that the revisions did not significantly alter the assessment
criteria, reinforcing the consistency of our evaluation approach.

Table 2. The four graders’ standard deviations difference between trial
1 and trial 2 scoring are shown per task.

Flaring Polishing Skiving Riveting
Gl -0.89 -0.24 -0.24 -0.74
G2 -0.60 0.19 0.24 -0.38
G3 -0.36 -0.12 0.08 0.03
G4 -0.51 -0.05 -0.45 -0.69
Avg -0.59 -0.06 -0.09 -0.44

As expected, average standard deviation decreased for all four tasks, indicat-
ing less score variation after participants had a year of on-site instruction
and practice versus the baseline scores.
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0 Average Score by Task
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Figure 2. The class of 2024 participants’ HST average grades were com-
pared between entering the program and after practicing skills during
1 year of onsite training. Scores increased greatly for the polishing and skiving
tasks and changed minimally for the flaring and riveting tasks.

One possible explanation for PA improvement not being greater
is that the initial rubric had a total of 45 items from five tasks,
whereas the revised rubric had only 30 items from four tasks. This
change was to make grading more efficient; however, reducing
items by one third creates fewer opportunities for interrater agree-
ment. Additionally, the initial rubric was graded with three graders,
and all subsequent grading took place with 4. The likelihood of
agreement further decreases with more people assessing fewer
items, perhaps explaining the minimal increase in the PAs. None-
theless, our findings support the credibility of our rubrics and their
applicability in the educational context.

The decrease in graders’ standard deviation and increase in
minimum scores between trials are anticipated trends for stu-
dents learning a new skill, which adds confidence in the accu-
racy of our assessment tool. It is likely that participants’ scores
would have high variation when testing baseline because of their
diverse hand skills background entering into the program. The vari-
ance should narrow once skills are practiced and honed throughout
the year. Accordingly, minimum scores should improve along with
overall average scores. The initial testing and grading follow expected
trends, which lends credibility to the HST and rubric.

Common sense suggests individual participants’ scores should
improve between trials because of increased exposure and practice.
This assumption is backed up with nearly a 12% overall improve-
ment in scores after 12 months in TSS classes. This is skewed, how-
ever, with the majority of higher scores coming from the polishing
and skiving tasks. One possible explanation is that participants spend
the most time honing these skills over various projects, so greater
improvement was shown. Having the data from only one cohort, it
is premature to say if this is a trend, and thorough analysis of this
will be left to future research.

LIMITATIONS

The aspects of assigning scores to hand skills samples are in-
herently subjective, with the risk that scoring reflects graders’
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preference instead of participant performance.'* Creating rubrics,
educating graders, and systematically making rubric revisions
maximize grader’s objectivity.'®> Our high PA scores reflect this.
Percent agreement has long been used as a means of assessing
interrater reliability. When contrasting means of calculating
interrater reliability, McHugh concedes that while easy to calculate
and interpret, this measurement tool may be oversimplified be-
cause it does not account for graders assigning same scores by
chance.'® The likelihood of agreement by chance is increased be-
cause of our dichotomous revised rubric. This grading scale was
employed for ease and efficiency of grading; however, it may “re-
strict evaluators’ choices to the detriment of accuracy.”™* Cohen’s
kappa and other kappa statistics have been developed to factor in
that uncertainty and are a valued tool for evaluating interrater
reliability.!*'® These statistics were not appropriate for assessing
data from our rubrics because of the binary structure, nonmutually
exclusive ordinal nature, and our use of three or more raters.

CONCLUSIONS AND FUTURE DIRECTIONS

This research is the first step in a project to study and track
hand skill development of students at BCMOP throughout their
time in the program. The goal of this phase was to develop a reli-
able and repeatable assessment tool. With only the first year of test-
ing complete, the value of the instrument is yet to be determined;
however, we argue that our revision process for tests and rubrics by
an expert panel using grader input increases our content validity
and interrater reliability. We believe that this preliminary use of
our assessment tool measures what it was designed to measure.

With the research continuing through 2029, future research
will explore 5 years of HST data for trends over time and within
each class. HST scores will also be compared with the data col-
lected from the existing validated tests, which are administered
concurrently, as well as a demographic survey to explain initial
skill disparities. They will be able to study data for correlation
among participants’ background, experience, manual dexterity,
spatial awareness, grip strength, and performance on the HST.
The overarching aim of our research is to understand how these
specialized skills are learned over time, in order to better inform
the education of O&P hand skills.
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