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The primary learning outcome of this project is for students to recognize, research, and utilize
ISO and ASTM standards as tools which may be used in the engineering design process [1],
[2]. This outcome is achieved through two objectives: first, students will understand the role of
standards in the development and testing of products, processes, and services, and second,
students will apply standards to verification testing for medical devices. Introducing these
concepts early in the curriculum gives students practical experience navigating the world of
technical requirements and specifications. Prior to implementation of this project, use of
standards was not addressed in our curriculum until our senior design capstone course, and then
it was presented only in the context of medical device design and design controls without
example of practical use. While the Accreditation Board for Engineering and Technology
(ABET), in criterion 5d, establishes the use of appropriate engineering standards in culminating
major engineering design experiences as an essential element of engineering education [3], we
observed that delaying this subject until our senior design capstone course was often insufficient
to motivate student engagement with standards in their design projects. Consequently, this
project shifts the balance of engineering standards in our curriculum from theoretical compliance
to practical application of standards as a foundational skill.

While the use of standards could be integrated into many lecture courses, our interest in exposing
students early to the practical application of standards made our sophomore biomechanics lab the
best choice. The biomechanics lab is a required one semester course taken concurrently with the
biomechanics lecture. The lab explores concepts of static mechanics, leaning heavily on the use
of universal testing systems (UTS) through lab modules focused on compression, tension, and
bending testing. We replaced our existing compression module with a module performing
industry-relevant tests used to establish the forces involved in syringe depression. In this module,
lab instructors introduce students to the ISO 7886-1:2017 standards manual [4] in a pre-lab
lecture, during which students are instructed on the purpose, interpretation, and implementation
of standards. Student groups are then provided with access to ISO 7886-1:2017, 1 mL, 10 mL,
and 20 mL syringes and all the materials necessary to set up a test complying with the standard
specifications. Students are meant to interpret the constraints and requirements presented in the
manual and incorporate these into their test setup, perform tests on each syringe, and report the
measurements describe in Annex E of the standard manual.

To complete this lab successfully, students must assemble the testing apparatus and implement
the test as described in the standard manual, appropriately placing the water reservoir and setting
parameters within the UTS software before executing the test. As a post-lab exercise, students
use the guidelines in the manual to present the force vs. displacement data and report the relevant
force measurements defined in the standard (Fig 1D). Rather than develop and apply analyses
beyond the methodology in the standard, students are asked to evaluate how well their test setup
matched the requirements of the standard, indicating discrepancies in implementation and
potential sources of error. During a cumulative practical examination, students’ ability to apply
standards to verification testing for medical devices is assessed. Students are provided with
ASTM F88/F88M-09 [5], a standard they haven’t studied, which describes methods for
determining the seal strength of flexible barrier materials. They are given a sterile syringe in its
packaging and prompted to identify and implement the correct test technique based on the seal
material and type. This assessment is graded based on accurate descriptions of packaging, correct
implementation of an appropriate test method, and presentation of results.



Due to the proprietary nature of the information contained in both ASTM and ISO standards, one
obstacle to the implementation of this project is the availability of standards to students, though
students and faculty may have access to these through university library systems, removing the
cost as consideration. However, beyond the purchase of the standard protocol, implementation of
this lab does not require a large financial investment. While commercial fixtures geared towards
syringe testing are available from UTS manufacturers, these are cost-prohibitive for occasional
use in a student lab. We developed two methods for fabricating custom fixtures either with laser-
cut parts or 3D printed parts (Fig 1B, 1C, 1E) which may be shared by request. The fact that the
test apparatus described in the ISO manual [4] could be trivially translated to rapidly prototyped
designs realized through both additive and subtractive manufacturing suggests that fixture
fabrication will not pose a barrier to entry for engineering educators. However, the ability to
collect the required parameters and graphs as described in this paper does require the availability
of a universal test system.
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While this implementation is uniquely focused on the biomechanics compression lab, with the
prevalence of testing standards, the addition of standards to a mechanics lab in another program
need not be limited to the compression of syringes. For example, the F88/F88M standard [5]
used in our lab practical assessment would be suitable for a standards education lab built around
tensile testing. The variety of test methods covered in a typical UTS-based static mechanics lab
lend themselves well to implementation of standards testing modules at any point in the
curriculum. Through exposure to multiple standards, students will develop understanding of the
roles of standards and their applications. These outcomes are realized through completion of a
standards module and reflection on post-lab assignment feedback prior to assessment during the
lab practical.

This work does not use data from humans and therefore does not meet the definition of human
subjects research; IRB review is not required.
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