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Abstract
Recognizing that traditional textbooks on need-driven health technology innovation were increasingly misaligned with the 
needs of today’s undergraduate biomedical engineering students and the faculty who teach them, we initiated an effort to 
develop new learning materials for this audience. To guide our efforts, we conducted literature searches on best practices 
in the development of online content and engaging digital learners (primarily Gen-Z). We further held a series of discus-
sions with biomedical engineering students and instructors at universities across the United States. This input led us to the 
development of a set of modular, online, multimedia learning materials specifically designed for the new generation of 
undergraduate learners. In this article, we present the key decisions that helped shape the project. We also share the results of 
feedback surveys and focus groups that shed light on how the materials have been preliminarily received. Finally, we reflect 
on challenges, opportunities, and lessons from this project that may be helpful to other initiatives focused on the creation of 
multimedia content for the digital generation.

Keywords Online learning · Web-based learning materials · Teaching materials · Need-driven innovation · Health 
technology innovation

Challenge Statement

In the summer of 2019, a casual conversation in the hallway 
of Stanford Biodesign revealed an unmet educational need. 
An instructor of our graduate-level course on health tech-
nology innovation asked an instructor of the undergraduate 
bioengineering capstone which chapters they used in their 
class from Biodesign: The Process of Innovating Medical 
Technologies, an 800+ page textbook authored at Stanford 
Biodesign. The answer was a resounding “none.”

When we wrote the Biodesign textbook, our target audi-
ence was graduate and professional learners, and we inten-
tionally sought to make the chapters comprehensive enough 
to be instructive in advancing real-world health technology 

innovation projects. However, this hallway discussion high-
lighted an unintended consequence: the depth of content was 
superfluous for undergraduate students. Further, the medium 
itself (a traditional textbook) was misaligned with the expec-
tations digital learners have around fast, frequent interac-
tions with content [1, 2]. This discussion led us to hypoth-
esize that we could better address the educational needs of 
undergraduate instructors and their students—also referred 
to today as Gen-Z learners—with a more concise, mobile-
ready “handbook” on the Biodesign approach to need-driven 
health technology innovation.

Before diving into development, we took a page from the 
innovation process we teach and decided to first research this 
unmet need, rather than relying solely on our own assump-
tions. We conducted literature searches on best practices 
in the development of online learning materials [3–5] and 
engaging Gen-Z learners [1]. In addition, we spoke with 
key stakeholders in the space—specifically, undergraduate 
students and instructors teaching design-oriented courses in 
biomedical engineering. Conversations with students from 
our bioengineering capstone course confirmed (1) their 
resistance to purchasing and using traditional textbooks; 
(2) their expectation of online accessibility (particularly 
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as universities transitioned to distance learning during the 
COVID-19 pandemic [6]); and (3) their desire for short, tar-
geted content. A subsequent focus group with instructors at 
the 2019 Biomedical Engineering Society (BMES) annual 
meeting provided insight into educators’ needs. In addition 
to concise materials that would resonate with their students, 
the instructors requested modular content they could use 
selectively to augment their existing lessons and materials. 
They also underscored the desire for videos, worksheets, 
templates, and other interactive tools that students could 
apply directly to their course-based projects in addition to 
traditional written content. Finally, they wanted dynamic 
materials that would be kept up to date as the health tech-
nology field evolved.

With this information in hand, we set out to develop a 
set of modular, online, multimedia learning materials spe-
cifically designed for the new generation of undergraduate 
learners.

Novel Initiative

This initiative led to the creation of “A Student Guide to Bio-
design,” available on an open-source basis at https:// biode 
signg uide. stanf ord. edu/. The website currently includes 26 
multimedia modules spanning the first two phases of the 
Biodesign process— “Identify” and “Invent” —as well as 
a section entitled “At Every Step” to address topics (e.g., 
teamwork, principled decision making) that should be top of 
mind throughout an innovation project. Each module, called 
a “toolkit,” includes a 5-10 page written brief, videos that 
underscore key take-aways, and one or more worksheets, 
templates, checklists, or resource listings to help students 
advance their projects.

In launching the effort, we made a series of decisions that 
were central to the direction of our project and relevant to 
initiatives focused on the creation of new learning materials 
for today’s undergraduate learners.

Think Globally, Act Locally

Although we were inspired by the insightful feedback from 
instructors at other universities and committed to develop-
ing learning materials of value to the broader bioengineer-
ing educational community, we made an explicit decision 
to develop materials that would be directly and immediately 
useful to the classes we teach at Stanford. Our reason for 
this initial scope was to ensure that the project had a near-
term “payback” on the time and resources we invested in the 
project. In addition, by beginning with our home institution, 
we could work directly with our colleagues and students to 
shape and pilot the materials before expanding access to 
other institutions.

Begin with the End in Mind

Rather than planning the content serially, one or two 
modules at a time, we found it useful to conceptualize the 
entire Student Guide at the project outset. The benefits of 
this approach were that we could (1) estimate how much 
work lay ahead; (2) prevent informational gaps/overlap by 
pre-assigning topics to modules; and (3) more cohesively 
prioritize the order of module development.

Define Clear Style/Content Guidelines

For any learning materials project, particularly those with 
multiple authors, it is essential to establish clear style and 
content guidelines. In this case, we outlined standards 
around word use, grammar, and punctuation, as well as 
content length, tone, voice, and presentation. See Table 1 
for a sample of the decisions we made in advance of 
content creation. Importantly, we also selected an over-
all editor for the project, which is critical for ensuring 
consistency.

Select a Platform

We had hoped to use an off-the-shelf learning manage-
ment system (LMS) to publish the new materials. How-
ever, research into our options revealed that, while most 
LMSs allow for the creation of modular content, they often 
require modules to be presented in a “course” format such 
that students must complete each lesson sequentially. Given 
our desire for design flexibility and input from instructors 
at other universities about their plans for incorporating the 
modular content, we decided to build our own website using 
a standard content management system (CMS). We selected 
WordPress for its prevalence, support across multiple brows-
ers/devices, straightforward backend, and extensive add-on 
features. Understanding the capabilities of the platform early 
in the content development cycle enabled us to optimize our 
approach based on the opportunities and constraints of the 
technology.

Decide on an Access Strategy

Another important decision was whether to restrict and/
or charge for access to the content. Given the substan-
tial investment of time and energy to develop the Student 
Guide, and the need to maintain materials into the future, 
there was some rationale for devising a subscription model 
to help cover upfront and continuing costs. However, 
since accessibility to students was a primary driver of the 
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project, we decided that open access would best enable 
learners everywhere to benefit from the materials.

Pilot, Learn, Improve, Repeat

Rather than releasing all content in a single launch, we 
staged the development effort to enable us to collect and 
act on feedback throughout the project. We initially cre-
ated 11 toolkits, which we “mocked up” and made avail-
able online to early users (August 2020). We then recruited 
student volunteers from past Biodesign classes to review 
the materials, offering modest incentives ($25 gift cards) 
for each toolkit evaluation. In parallel, we shared the 
materials with the instructors who had participated in the 
focus group at BMES. The resulting feedback on content 
length, depth, and tone, as well as website design, proved 
invaluable in improving the materials for the next cycle. 
Roughly one year later (August 2021), we launched http:// 
biode signg uide. stanf ord. edu with a total of 20 multimedia 
toolkits and, again, invested in gathering feedback from 
students and instructors, this time on a more widespread 
basis, to test and direct our work (see below).

Reflection

We initially began using the Student Guide materials in 
three introductory courses at our institution and found 
them to be immediately valuable as an alternative to the 
textbook. Typically, specific toolkits are assigned ahead 
of class as pre-work, with 5-question quizzes used to 
reinforce key take-aways. Lecture content builds on the 
written toolkit content (rather than repeating it). We peri-
odically show videos from the Student Guide of students 
applying key concepts to their projects, either to introduce 
topics or to reinforce their application. Worksheets and 
templates are assigned as homework and/or used during 
in-class work time.

To help us reflect on this project—and in keeping with 
our “pilot, learn, improve, repeat” approach—we con-
ducted surveys and focus groups after the 20 toolkits in the 
Student Guide had been available for most of the 2021-22 
academic year. One advantage of online learning materi-
als, distinct from a traditional textbook, is the ability to 
gather basic information about individual users. In our 
case, we deployed a brief registration form to collect user 

Table 1  Sample content/style guidelines for toolkits in “A Student Guide to Biodesign”

Category Written Material Guidelines Video Guidelines

Length • Written briefs should not exceed 5-10 pages and/or take 
longer than 20-25 minutes to read

• Videos should ideally be ≤ 3 minutes, with 5 minutes as an 
absolute maximum

Voice • We will address the reader in the second person (“you”)
• We will use contractions (“you’re”) to give the materials a 

more conversational tone
• Sentences should be short and simple
• Avoid or define words that are not commonly used in con-

versation

• Primarily feature students sharing their experiences (rather 
than instructors or “experts”)

• Keep style conversational

Presentation • Use titles and subtitles for signposting throughout written 
content

• Present content online in collapsible/expandable sections so 
students do not get overwhelmed by the amount of content on 
each page

• Include multiple images, figures, and tables to add visual 
interest to each module

• Provide a downloadable PDF option to enable offline reading

• Include a minimum of 1 video per toolkit, with 3-5 videos 
preferred

• For consistency, open each video with a title slide and display 
a caption (name and affiliation) the first-time a speaker appears

• Use B-roll throughout each clip to add visual interest and 
emphasize key take-aways

• Close each video with a thank you to the speaker(s)

Other 
Content 
Guidelines

• Each toolkit should work as a standalone “lesson” so it can 
be directly linked to from a course syllabus or website

• Liberally incorporate short, specific examples from student 
projects as case studies to underscore important points and/or 
tie concepts together

• Include a minimum of at least 1 downloadable worksheet, 
template, or other learning resource in each toolkit to help 
students apply the skills to their projects

• Include cross-references to other relevant toolkits and active 
links to additional resources to help with the discovery of 
related materials

• Each video should function as a standalone “lesson” and 
should not assume that students will have read the related writ-
ten content

• Videos will be filmed as interviews but the interviewer’s ques-
tions will be edited out to reduce the overall length of each clip 
(coach speakers to paraphrase the question in the opening of 
their response)

• For multiple videos in a series, provide enough context in each 
video that students do not necessarily have to watch them in 
order

http://biodesignguide.stanford.edu
http://biodesignguide.stanford.edu
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names and email addresses, as well as high-level infor-
mation regarding affiliation, location, and motivation 
for accessing the website. This form is presented to all 
first-time visitors. We leveraged the contact information 
to survey users, on a voluntary, opt-in basis, regarding 
their experience with the materials. We received responses 
from 47 students and 39 instructors (response rates 9.6% 
and 21.3%, respectively, of the sample surveyed). One 
question on the survey was whether respondents would 
be willing to participate in a focus group (see Table 2 for 
the other survey questions). Of those who volunteered, 
22 undergraduate students (~90% from Stanford) and five 
instructors (all from different institutions) participated in 
subsequent Zoom discussions.

Our main goal during feedback collection was to deter-
mine, before releasing additional materials, whether the 
content aligned with user needs in terms of its perceived 
value, usability, targeting, and engagement. The survey 
feedback (see Fig. 1) indicated that students and instruc-
tors both found the Student Guide beneficial for learning 
about need-driven health technology innovation. The input 
confirmed that the online materials were relatively easy to 
access, use, and navigate. Both groups indicated that content 
length, depth, and tone were generally on target. A majority 
of students and instructors reported that the materials were 
engaging, with many student respondents indicating that 

they accessed the Student Guide “more” or “much more” 
than a traditional textbook.

By conducting the surveys and focus groups in combi-
nation, we could seek clarification from focus group par-
ticipants on survey results. For example, by speaking with 
students about content length, we learned that they preferred 
toolkits without large or uninterrupted blocks of text. This 
underscored the importance of not only reducing content, 
but also visually interrupting text with interactive features 
(e.g., graphics, videos, collapsible sections). Both user 
groups found the case studies, which were presented in 
written and video form, particularly beneficial for learning. 
However, we were surprised that the worksheets, templates, 
and checklists were utilized less than anticipated. Through 
our focus groups, we learned that students and instructors 
alike often overlooked these materials due to how they were 
presented online. This clarification enabled us to make mul-
tiple website changes, including the creation of a resource 
library where these supplemental materials can be more eas-
ily accessed.

Beyond the surveys and focus group, we identified at least 
one unexpected opportunity and two ongoing challenges that 
require additional attention.

Encouragingly, we discovered that the Student Guide 
is useful for introductory learners beyond undergraduate 
students. We initially started using select toolkits in our 

Table 2  Survey Questions

Both Students and Instructors
 1. What was your primary reason for using the materials?
 2. Overall, how helpful did you find the materials for learning about need-driven health technology innovation?
 3. Overall, how easy were the materials to access, navigate, and use?
 4. Compared to a traditional textbook, how engaging did you find the materials?
 5. How would you rate content depth (comprehensiveness, level of detail)?
 6. How would you rate content length (amount of time needed to read/watch content)?
 7. How would you rate the content tone (readability, understandability)?
 8. What did you like most about the Student Guide to Biodesign?
 9. What did you like least about the Student Guide to Biodesign?
 10. Is there anything else you’d like to tell us to help us improve the Student Guide to Biodesign?
 11. Would you be willing to participate in a 45 minute focus group to provide further feedback?

Student-Specific
 1. Once registered, did you access the materials on the Student Guide to Biodesign website? If no, why didn’t you access or use the materials?
 2. Compared to a traditional textbook, do you think you accessed/used the Student Guide materials more or less frequently?
 3. What type(s) of content did you find most valuable? (choose all that apply)
 4. What type(s) of content did you access/use most often? (1=most to 5=least)
 5. How did you typically use the Student Guide materials? (choose all that apply)
 6. How long did you typically spend on the website during a normal visit?

Instructor-Specific
 1. Once registered, did you access and use the multimedia learning materials on the Student Guide to Biodesign website?
 2. How did you assign/utilize the resources in the Student Guide to Biodesign? (choose all that apply)
 3. In your course/program, which Identify toolkits did you use/assign? (check all that apply)
 4. In your course/program, which Invent toolkits did you use/assign? (check all that apply)
 5. In your course/program, which And Beyond toolkits did you use/assign? (check all that apply)
 6. In your course/program, did you use the additional resources such as videos, downloadable templates, worksheets, briefs, etc.?
 7. To what extent (if at all) did you see a difference in student performance after using materials from the Student Guide to Biodesign?
 8. Did your students provide feedback on their experience using the Student Guide to Biodesign?
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graduate course, then expanded into our faculty fellow-
ship and executive education program. Rather than finding 
the materials rudimentary, these more advanced learners 
shared anecdotal input with us that they appreciate their 
brevity and clarity as they initially familiarize themselves 
with Biodesign concepts. Then, as their understanding 
deepens and their projects advance, they transition to more 
in-depth content in the Biodesign textbook. This blended 
model, with the Student Guide serving as an “on ramp” to 
the more comprehensive materials, has proven effective.

In terms of challenges, we are acutely aware of the 
ongoing resource requirements associated with online 
learning materials. Unlike a traditional textbook that 
is considered complete once published, online materi-
als require a sustained investment. Dedicated personnel 
are needed to keep content up to date, expand materials 
and modify the user interface in response to incoming 
feedback, validate new and substantially edited content 
with relevant subject matter experts, and manage website 
maintenance. This creates an ongoing need for staffing 
and funding, which can be challenging in an academic 
environment.

Additionally, without a traditional publisher to assist 
with promotion of the materials, we have encountered chal-
lenges in driving adoption of the Student Guide. One year 
after the launch of https:// biode signg uide. stanf ord. edu/ we 
had just over 1,200 registered users (54% students/learners, 
21% professors/instructors/trainers, 19% industry/govern-
ment professionals, 6% other). Nearly one-quarter of these 
individuals are based at Stanford. A total of 291 distinct 
organizations (74% academic institutions, 24% companies) 
have used the content in some capacity but, based on the 
number of registered users in each organization, this figure 
largely reflects individual use rather than widespread adop-
tion at each organization. While these figures reflect reason-
able uptake given the newness of the initiative, we believe 
that many more learners could benefit from the materials. 
To date, we have advertised the Student Guide on the Stan-
ford Biodesign website and social media channels, includ-
ing Facebook, LinkedIn, and Twitter. Moving forward, we 
intend to diversify our promotion efforts with the hope of 
expanding the Student Guide’s reach.

Overall, this project has substantially advanced our 
approach to developing educational materials for digital 

Fig. 1  Student and Instructor Survey Feedback
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learners, and the results suggest that we are heading in the 
right direction. Next, we must consider the implications on 
developing more in-depth and comprehensive resources—at 
the level of the Biodesign textbook—for the next generation 
of students.

Acknowledgments The creation of the Student Guide to Biodesign 
was the result of the talents and hard work of dozens of members of the 
Stanford Biodesign team. We are grateful for everyone’s contributions, 
as well as for the valuable feedback we received from the community 
of students and instructors.

Author Contributions The manuscript was written by JH, LD, and SS. 
PY and RV provided input and reviewed the final manuscript.

Funding Work reported in this publication was supported in part by a 
gift from the Halpern Family Foundation.

Data Availability Not applicable.

Code Availability Not applicable.

Declarations 

Conflict of interest The authors have no competing interests to declare 
that are relevant to the content of this article. Stanford Biodesign does 
not receive any income stream from A Student Guide to Biodesign 
(though we do earn royalties on sales of the textbook Biodesign: The 
Process of Innovating Medical Technologies, by Yock, et al.).

Ethical Approval Not applicable.

Consent to Participate Not applicable.

Consent for Publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Szymkowiak A, et al. Information technology and Gen Z: The role 
of teachers, the internet, and technology in the education of young 
people. Technol Soc. 2021;65:1–10.

 2. Pichler S, Kohli C, Granitz N. DITTO for Gen Z: A framework 
for leveraging the uniqueness of the new generation. Bus Horiz. 
2021;64:599–610.

 3. Huang C. Designing high-quality interactive multimedia learning 
modules. Comput Med Imaging Graph. 2005;29:223–33.

 4. Frey BA, Sutton JM. A model for developing multimedia learning 
projects. JOLT. 2010;6:491–507.

 5. Mayer RE. Evidence-based principles or how to design effective 
instructional videos. J Appl Res Mem Cogn. 2021;10:229–40.

 6. Adedoyin OB, Emrah S. Covid-19 pandemic and online learn-
ing: the challenges and opportunities. Interact Learn Environ. 
2020;10:1–13.

http://creativecommons.org/licenses/by/4.0/

	Lessons from Developing Multimedia Learning Materials for the Digital Generation
	Abstract
	Challenge Statement
	Novel Initiative
	Think Globally, Act Locally
	Begin with the End in Mind
	Define Clear StyleContent Guidelines
	Select a Platform
	Decide on an Access Strategy
	Pilot, Learn, Improve, Repeat

	Reflection
	Acknowledgments 
	References




