il
HARFORD

COMMUNITY COLLEGE

BIOTECH Pathways:

Expanding Pathways from High School into the Biotechnology Workforce

BIOTECH
PATHWAYS

Data Summary Report
January 10, 2025

SPEAR (STEM Program Evaluation, Assessment, & Research) Consultants
Prepared by

Sondra LoRe, Ph.D.

SPEARN

STEM - Program Evaluation - Assessment - Resedrch



bl |
HARFORD

COMMUNITY COLLEGE

This work was conducted by STEM Program Evaluation, Assessment, and Research (SPEAR) and sponsored by the
National Science Foundation Award#: 2000193 - (ATE) BIOTECH Pathways: Expanding Pathways from High School
into the Biotechnology Workforce. Any opinions, findings, and conclusions or recommendations expressed in this
material are those of the author(s) and do not necessarily reflect the views of the funding agency.

SPEARN

STEM : Program Evaluation : Assessment - Research

BIOTECH Pathways: Fall 2024 Data Summary Report|2

SPEARN



Table of Contents

EXeCUtive SUIMIMIATY .....c.oviviiiiiiciiet s 6
CONCIUSIONS. ...t 6
ReCOMMENAALIONS.....c.eiiiieiiriiieiieccee ettt 6
BIO Classes SUrvey Data.........cccoiiiiiiiiniicciecc e 7
BIO 128 Class (Fall 2024) ........cccviiiiiiiiiiiiicciic s 8
BIO 212 Class (Fall 2024) ......c.cooiiiiiiiieeieccieeceee et 12
BIO 213 Class (Fall 2024) ... s 16
Student/Parent (Guardian) Recruitment Workshop Survey Data.........cccccceeiniriinnnnes 20
Student ReSPONSES ..........cvviiiiiiiiiiicic s 21
Parent/Guardian ReSPONSES ...........ccccciiiiiiiiiiiiiiiiiiciic s 32

List of Figures

Figure 1: Students completed the following tasks in BIO 128 during the Fall 2024
120 0 1] (<) oSO 8
Figure 2: Students rate their knowledge before and after completing the BIO 128 course9
Figure 3: BIO 128 students rate their level of agreement to provided science and

biotechnology statements ............cceueieieieieieiiinic s 10
Figure 4: Percentage of students in the BIO 128 survey planning to pursue a career in
bioteChNOLOGY ....c.cuoiiiiiiiiiiii s 11
Figure 5: Students completed the following tasks in BIO 212 during the Fall 2024
SEIMEOSTOT .....cviieiiiitictitet e b re s 12

Figure 6: Students rate their knowledge before and after completing the BIO 212 course

....................................................................................................................................................... 13
Figure 7: BIO 212 students rate their level of agreement to provided science and
biotechnology statements ... 14
Figure 8: Students completed the following tasks in BIO 213 during the Fall 2024

S TS3 0 TTS] 3 OO OO 16

Figure 9: Students rate their knowledge before and after completing the BIO 213 course

BIOTECH Pathways: Fall 2024 Data Summary chort|3




Figure 10: BIO 213 students rate their level of agreement to provided science and

biotechnology statements ............ccccvvviiiiiiiiiiiniii e 18
Figure 11: Attendee TeSPONSES .........c.civiiuiiiiiiiiiiiiiiiiii s 20
Figure 12: Students rate their level of agreement before and after completing the
WOTKSNOP ...ttt 21
Figure 13: Students acknowledge how they felt about the workshop............cccccceuuneeece. 22
Figure 14: Student themes mentioned most in their responses to what they liked best
about the hands-on activity (by percentage and number of mentions)............c.cccccueueuenes 23
Figure 15: Student comments about what they would change about the hands-on
ACEIVITY 1ot 24
Figure 16: Student level of agreement on the following statements about their education
after high SChOOL ..o 25
Figure 17: Student preparation for their plans after graduation.............cccoeviinnnnnne. 26
Figure 18: Students indicate how influential each of the following have been on their
FUBUTE PIANS ..o 27
Figure 19: Student attending the workshop by themselves or with someone else........... 28
Figure 20: People who attended with a student...........cccccccooiiiniiniiniiice, 28
Figure 21: How students learned about the workshop ..., 29
Figure 22: High schools represented and number of students attending the workshop
from those SChOOIS ... 29
Figure 23: Student grade levels attending the Workshop ..........cccccoeeeeeiieicincicen, 30
Figure 24: Students who are the first person in their family to consider attending college
after high SChOOl.........c.coii 30
Figure 25: Student gender ... 31
Figure 26: Student ethnicity ... 31
Figure 27: Parents/guardians rate their level of agreement before and after the
WOTKSIOP ..t 32
Figure 28: How parents/guardians felt about the HCC BIOTECH Pathways workshop
they attended ... 33
Figure 29: How parents/guardians learned about the workshop..........cccccoeiiinninnnnen. 34
Figure 30: Parent/guardian gender..............cccocoeieiiiiininiiiccccc e 34
Figure 31: Parent/guardian ethnicity........c.cccccviviniiiiiiiiiniiniiiiniiccccce 35
List of Tables

BIOTECH Pathways: Fall 2024 Data Summary R(~p0rt|4

SPEART




Table 1: Students describe what they enjoyed most about the BIO 128 course................ 11

Table 2: Students describe improvements to the BIO 128 course...........ccccocevvvuiiruccnnnene. 11
Table 3: Students describe what they enjoyed most about the BIO 212 course................ 15
Table 4: Students describe improvements to the BIO 212 course...........cccceeeviiucinncnnnnnnne. 15
Table 5: Students provide additional comments and feedback on the BIO 212 course... 15
Table 6: Students describe what they enjoyed most about the BIO 213 course................ 19
Table 7: Students describe improvements to the BIO 213 course...........ccceeevvruevinuccnnnnne. 19
Table 8: Students provide additional comments and feedback on the BIO 213 course... 19
Table 9: Students describe what they liked overall about the workshop........................... 22

Table 10: Student comments about what they specifically liked about the workshop.... 23
Table 11: Parent/guardian comments on what they liked best about the workshop....... 33
Table 12: Parent/guardian comments about what they liked about the hands-on activity

BIOTECH Pathways: Fall 2024 Data Summary Roport|5

SPEARR




Executive Summary

This Data Summary Report incorporates multiple quantitative data sources collected
through surveys. Survey data were analyzed using descriptive metrics (Robinson &
Leonard, 2019) and thematic coding for text responses (Saldana, 2016). A total of four
surveys were developed and distributed using Qualtrics survey software, including

e BIO 128: Introduction to Biotechnology Survey (Fall 2024)
e BIO 212: Principles of Biomanufacturing Survey (Fall 2024)

J : Cell Culture Techniques Survey (Fall 2024)
e Student and parent/guardian informational recruitment workshops survey (Fall
2024)
Conclusions

The findings from the Fall 2024 BIOTECH Pathways survey data highlight the program’s
impact on student engagement, skill development, and career readiness in biotechnology.
Students reported increased confidence in their scientific knowledge and hands-on laboratory
skills, with many expressing enthusiasm for biotechnology career pathways. Parent and guardian
feedback reinforced the value of the program’s interactive workshops in fostering awareness of
educational and professional opportunities. While overall responses were positive, suggestions
for curriculum improvements and expanded industry connections provide valuable insights for
future program development. These results support the continued growth of BIOTECH
Pathways, ensuring alignment with student needs and workforce demands.

Recommendations

To further support student learning and career exploration, the BIOTECH Pathways
program may benefit from additional industry connections, such as guest speakers,
mentorship opportunities, or site visits. Small adjustments to course structure,
including balance between lecture and lab activities, could also enhance the learning
experience. These refinements would help ensure the program continues to grow in
ways that best serve students and align with industry needs.
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BIO Classes Survey Data

The BIOTECH Pathway classes at HCC equip students with the skills needed for
biotechnology careers through degree and certificate programs, preparing them for the
workforce or further study at four-year universities.

The class surveys were designed to gather data on improving the BIOTECH Pathways
class experience and measuring progress toward program goals. Surveys were
administered by course instructors, with those for BIO 128, 212, and 213 distributed to
students at the end of the Fall 2024 semester.

Each figure and table below describes the basis of the survey questions. Students
responded by selecting from a range of options, indicating their level of agreement with
statements, or providing written responses where appropriate. Reflective question
responses were quantified to calculate before-and-after weighted averages, generating a
percentage that indicates growth in the topic.

Some questions allowed students to select multiple responses, and an “Other” option
was provided for additional written input when applicable. Participants also had the
option to skip questions.

All data presented in this document is self-reported and has been visualized by the
evaluator, where appropriate, to effectively represent participants” responses. The data
visualizations below display aggregate group results.

“Getting to do meaningful
research towards a goal was

very cool.”
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BIO 128 Class (Fall 2024)

Figure 1: Students completed the following tasks in BIO 128 during the Fall 2024 semester

HYes EMNo mUnsure

Performed standard laboratory calculations

Prepared stock solutions, dilutions, and media
in the lab

Followed biotechnology ethical guidelines and
responsible conduct of research in developing
and implementing my own research project

Conducted a self-directed research project
that incorporated microbiology, virology, and
molecular biology
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Figure 2: Students rate their knowledge before and after completing the BIO 128 course

@ Before O® After ‘ %Growth

The utilization of cGMP

documentation practices, standard @ @
operating procedures, and appropriate

safety procedures in the lab

The purpose of current Good

Manufacturing Practices @ @

(cGMPs)

Current biotechnology techniques and their Q 140%

applications

Ethical issues of biotechnology Q 160%

160%

e o
60606690

The development of the Q
biotechnology field

100%

Benefits associated with biotechnology @ @ 100%

Biotechnology career fields @

Not Slightly Moderately Very Extremely
Scale:  knowledgeable at knowledgeable knowledgeable knowledgeable knowledgeable
all (1) (2) (3) 4) (5)
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Figure 3: BIO 128 students rate their level of agreement to provided science and biotechnology statements

| enjoy learning about science.

| do well in activities that involve science.

The BIO 128 course helped me decide whether to
pursue a career in biotechnology.

Others think that | would be a good scientist.

It is likely that science will be part of my job
someday.

67% 33%

B Strongly agree B Somewhat agree W Niether agree nor disagree Somewhat disagree Strongly disagree
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Table 1: Students describe what they enjoyed most about the BIO 128 course

“The sea-phages project.”

“I enjoyed how hands on the course was. Getting to do meaningful research towards a goal was very
cool.”

The phage research project.”

Table 2: Students describe improvements to the BIO 128 course

“More laboratory notebook reviews.”

“The overall balance of lecture and Lab could be improved.”

Figure 4: Percentage of students in the BIO 128 survey planning to pursue a career in
biotechnology
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BI0 212 Class (Fall 2024)

Figure 5: Students completed the following tasks in BIO 212 during the Fall 2024 semester

HYes EMNo mUnsure

Demonstrated proficiency with the hands-on operation,
maintenance, and calibration of commonly used and
specialized laboratory instrumentations used in
biotechnology

Established the ability to understand and utilize
documentation of commonly used and specialized
laboratory biotechnology instrumentation

Employed the techniques involved in upstream and
downstream processing

Identified different types of documentation and their
importance to a Quality Management System and Current
Good Manufacturing Practices
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Figure 6: Students rate their knowledge before and after completing the BIO 212 course

@ Before O After @ %Growth

Differentiate between Quality
Assurance and Quality Control Q @

practices and job functions.

Describe the role of a biomanufacturing
company

o O

Explain the role of regulatory agencies
and regulations common to the
biomanufacturing industry.

100%

4

Define the professional functions of
biomanufacturing employees

100%

\ 4

Describe the development of a
biopharmaceutical product

o

Not Slightly Moderately Very Extremely
Scale:  knowledgeable at knowledgeable knowledgeable knowledgeable  knowledgeable
all (1) (2) (3) (4) (5)
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Figure 7: BIO 212 students rate their level of agreement to provided science and biotechnology statements

It is likely that science will be part of my job someday.

| enjoy learning about science.

| do well in activities that involve science.

Others think that | would be a good scientist.

The BIO 212 course helped me decide to continue pursuing a
career in biotechnology.

B Strongly agree M Somewhat agree M Neither agree nor disagree Somewhat disagree Strongly disagree
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Table 3: Students describe what they enjoyed most about the BIO 212 course

“The labs in class were mostly fun and having a good and smaller class helped it be more enjoyable.”
The labs.”

“I like how much | learned about the many things that go into developing a product.”

“I really enjoyed the hand-on lab exercises. These allowed me to really understand what | learned. |
feel they might even help me in the biotech profession.”

“The hands-on labs.”

Table 4: Students describe improvements to the BIO 212 course

“The course could be a bit more organized and less repetitive.”
“Blooket practice exams for all exams.”

“The amount of different concepts and terms needed to remember is overwhelming.”

“An opportunity for a field trip or guest speaker from the biotech industry would be welcomed.”

Table 5: Students provide additional comments and feedback on the BIO 212 course

“The professor teaching the course was a great teacher and she was always knowledgeable about any
questions that were asked. The presentation and notes were well developed.”

“The instructor was very knowledgeable, easy to work with, and enthusiastic about biotechnology. She
was able to overcome challenges involved with lab equipment using her prior professional experience.
She did a great job overall teaching the course and | would be open to learning from her again.”
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BIO 213 Class (Fall 2024)

Figure 8: Students completed the following tasks in BIO 213 during the Fall 2024 semester

M Yes m No mUnsure

Communicated the results of scientific research
in oral and written form

Analyzed recorded data related to the growth,
maintenance, and evaluation of cell cultures

Identified the sources, detection methods, and
remediation of contamination

Applied molecular techniques to alter cell
function.
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Figure 9: Students rate their knowledge before and after completing the BIO 213 course

@ Before ) After @ %Growth

Conduct specific calculations such as

media preparation, cell counting, and e @

cell concentration dilutions.

Perform commonly used calculations @ @
in cell culture

Exhibit competence in the @ @
maintenance of cell lines

Demonstrate proficiency in mammalian @ @
cell culture

Not Slightly Moderately Very Extremely
Scale: knowledgeable knowledgeable knowledgeable knowledgeable knowledgeable
atall (1) (2) (3) (4) (5)
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Figure 10: BIO 213 students rate their level of agreement to provided science and biotechnology statements

The BIO 213 course helped me decide to continue
pursuing a career in biotechnology.

100%

It is likely that science will be part of my job
someday.

| enjoy learning about science.

| do well in activities that involve science.

Others think that | would be a good scientist.

M Strongly agree M Somewhat agree ® Neither agree nor disagree = Somewhat disagree B Strongly disagree
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Table 6: Students describe what they enjoyed most about the BIO 213 course

“Taking care of our cells.”

“I feel like it was a step up from my classes that worked with bacteria.”

Table 7: Students describe improvements to the BIO 213 course

“Nothing that | can think of.”

Table 8: Students provide additional comments and feedback on the BIO 213 course

“This course was a very good introduction to working with more advanced cells.”
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Student/Parent (Guardian) Recruitment Workshop Survey Data

The evaluator provided survey links to Professor Jaclyn Madden, who distributed them
to students and parents/guardians during the Fall 2024 semester. The surveys aimed to
assess participants’ experiences and gather feedback for program improvement. The
figures and tables below outline the topics covered in the surveys, presenting aggregate
responses to highlight overall trends.

Survey responses were analyzed using quantitative and qualitative methods.
Quantitative responses were categorized based on yes/no selections, predetermined
answer choices, or levels of agreement, allowing for measurable insights. Qualitative
data from open-ended questions were thematically analyzed, with select individual
quotes included to illustrate key perspectives and provide context for the numerical
results.

It is important to note that not all respondents answered every question, and response
rates varied across different surveys. Where applicable, the evaluator visualized data to
effectively communicate patterns and key findings.

Figure 11: Attendee responses

Parent/
Guardian
)
33%

Student
10
67%
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Student Responses
Ten (10) students responded to the survey.

Figure 12: Students rate their level of agreement before and after completing the workshop

@ Before © After ‘ %Growth

| know what biotechnology programs
are available at HCC.

| know what | can do with a
biotechnology degree from HCC.

| understand how much education beyond
high school is needed to get a jobina
biotechnology career.

| can describe careers in
biotechnology.

| can give examples of biotechnology
products.

| know what biotechnology is (how to define
it).

| understand that scientists can solve problems with

data.
Scale: Strongly disagree (1) Disagree (2) Not sure yet (3) Agree (4) Strongly agree (5)
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Figure 13: Students acknowledge how they felt about the workshop

It was pretty
good.
3

30%
| didn't like it

It was great.
7
70%

= |t was terrible.

Table 9: Students describe what they liked overall about the workshop

“I liked the hands-on and getting to use new tools.”

“I liked the hands-on part; it made me feel like | was a part of something. The information was also easy
for me to interpret.”

“I liked that it was interactive. Also learning about how many opportunities there are available in this
career that are so close to me was really interesting.”

“I liked the hands-on part and how much information was given about future jobs in this pathway, the
history behind it, and much much more.”

“I liked how interactive it was.”
“I liked using the micro pipette and being able to participate in the lab.”
“The activity is fun but simple as well.”

“Hands-on experiments and new information (ex: how to use the pipettes, virus cocktails, etc.).”
“The information was clear, and understandable. The lab was engaging and interesting. “

“The hands-on activity and learning what jobs you can get using a biotech degree.”
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Figure 14: Student themes mentioned most in their responses to what they liked best about the hands-on
activity (by percentage and number of mentions)

Using Laboratory Glowing DNA
Interesting Learning Concept Equipment Experiment
7 3 p

Hands-on activity theme description

Unique learning experience that complimented the presentation

Interesting Learning Concept . . . .
& & P and tied the activity to the information presented.

Introduced participants to new and exciting equipment that

Using Laboratory Equipment actual biotechnology workers might use.

Visually interesting and appealing to see making participants

Glowing DNA Experiment
want to learn more.

Table 10: Student comments about what they specifically liked about the workshop

“I liked that | used new tools | haven't used before.”

“I liked that we were able to use actual equipment.”

“I liked how it integrates stuff we are already knowledgeable on into the lab adding on to what we
already knew.”

“It was engaging and instructions were clear.”
“It was fun, but a little short.”

“I liked being able to see differences between the before and after of the DNA.”
“It’s simple and fun to do.”

“The small scale didn't affect the experience whatsoever.”

“It was interesting to use a new piece of technology and watch what happens when you mix certain
things together.”

“The hands-on activity reflected nicely on how biotechnology works and what you might see if you
chose that career path.”
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Figure 15: Student comments about what they would change about the hands-on activity

“There was nothing to complain about.”

“I wish it was a little longer. “

“A little obvious of the goal/outcome of the activity beforehand.”
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Figure 16: Student level of agreement on the following statements about their education after high school

My family would support my decision to
continue my education after high
school.

| plan to continue my
education after high school.

| know someone (family or friend) that has
gone to college who could answer 20%
questions about how to apply to schools.
My grades are good enough to continue my 20%
education beyond high school. ?
My high school has people (guidance counselors)

40%
who help students apply to schools.
My family can help with school expenses. - 50%
| can afford to continue my education after high school. . 40%
If | continue my education after high school, | will need to work 60%
at least part-time to afford it. ?

W Strongly agree Agree M Not sure yet Disagree Strongly disagree
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Figure 17: Student preparation for their plans after graduation

Talked with my family

Looked at college websites

Taken classes related to my career of interest

Researched information about a career

Talked with someone in my career of interest

Talked with my school counselor

Visited a college

Worked/volunteered in my career of interest

Written a resume

Taken a career interest inventory

Job shadowing

Other

IR -
N
w . w
I
N~ B -
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Figure 18: Students indicate how influential each of the following have been on their future plans

Parents/family .

Teacher(s)

Social media*

Friend(s)

College websites

Books

College brochures

School counselor

Television

M Extremely influential

SPEARRY

40%

50%

- 20% - 10% 30%
a0% - 0%
. 20% - 30% 10%
. 10% - 20% 20%
20% - 30% 30%
20% . 40% 30%
Very influential  ® Somewhat influential Slightly influential

20%

Not at all influential
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Student Demographics

Figure 19: Student attending the workshop by themselves or with someone else

| attended by | attended with
myself. someone else.

5 5
50% 50%

Figure 20: People who attended with a student

Friend(s)
2
33%
= Sibling(s)
m Guardian

Father
2
33%
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Figure 21: How students learned about the workshop

Teacher

Parent or guardian

Email

Other: (Friend)

Guidance counselor

o
[N [N [N
v

Website

Figure 22: High schools represented and number of students attending the workshop from those schools

Aberdeen High School

Other (please specify):

C. Milton Wright High School
Bel Air High School
Edgewood High School
Harford Technical High School
Current HCC student

North Harford High School
Havre de Grace High School
Current HCC student
Fallston High School

Joppatowne High School

o o O o o o o
= = = = =
(0]

Patterson Mill High School
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Figure 23: Student grade levels attending the workshop

11th

Figure 24: Students who are the first person in their family to consider attending college after high school

= Yes
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Figure 25: Student gender

Female
4

40% = Non-binary/third gender

= Prefer not to say

Figure 26: Student ethnicity

White

Asian or Asian Indian

Black or African American

Hispanic, Latino, or Spanish

Prefer not to say

Other race or ethnicity (please specify)

Native Hawaiian or other Pacific Islander

Middle Eastern or North African

o o o o o
[EEN
N
(08)
(]

American Indian or Alaska Native
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Parent/Guardian Responses
Five (5) parents/guardians responded to the survey.

Figure 27: Parents/quardians rate their level of agreement before and after the workshop

@ Before © After ‘ %Growth

| know what biotechnology programs are e
available at HCC.

| know what someone can do with a e @ 100%
biotechnology degree from HCC. y

| understand how much education beyond high @

oo

school is needed to get a job in the biotechnology
field.

| know what biotechnology is (how to define
it).

28%

| can give examples of biotechnology products. H

| can describe careers in biotechnology.

| think biotechnology is a good career option for

N4
g
4
¢
4

. . 3.8 4.4
my child/children.
| understand that scientists can solve problems with
data.
Scale: Strongly disagree (1) Disagree (2) Not sure yet (3) Agree (4) Strongly agree (5)
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Figure 28: How parents/guardians felt about the HCC BIOTECH Pathways workshop they attended

= |t was pretty good.
| didn't like it

= |t was terrible.

It was great.
o)
100%

Table 11: Parent/quardian comments on what they liked best about the workshop

“Teachers were very personable. They did a great job questioning to guide students to the correct answers
even with varying levels of knowledge in the room.”

“Pathways to biotech.”
“The presentation and the hands-on experiment.”

“I enjoyed the blend of info about the program to highlight what was available here at HCC while keeping
the students engaged with the lab to give them a taste of what they could learn and how they can
participate actively in that learning process.”

“The hands-on activity. Videos and speaker were informative about program.”

Table 12: Parent/quardian comments about what they liked about the hands-on activity

“Used materials not found in HS class, but procedure was easy enough for all to participate.”
IIDNA i 7
“Very good informative.”

“The lab was cool! Using different kinds of tech in the lab and having visible changes in the solutions was
fun!l”

“Seeing the glowing tubes.”
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Parent Demographics

Figure 29: How parents/gquardians learned about the workshop

My child's teacher

My child

My child's guidance counselor

Email

Website

Other

Figure 30: Parent/gquardian gender

= Non-binary/third gender

= Prefer not to say

Female
)
100%
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Figure 31: Parent/quardian ethnicity

White

Asian or Asian Indian

Black or African American

Hispanic, Latino, or Spanish

Prefer not to say

Other race or ethnicity (please specify)
Native Hawaiian or other Pacific Islander

Middle Eastern or North African

o O O o o o o
N
w

American Indian or Alaska Native

Final Comments from students and parents/guardians

“I would like to learn what else | could go to after this, what other opportunities like this are there?”

“l enjoyed the workshop it was very informative, and the SEA program made me want to stay in
Maryland.”

“I really enjoyed it. It made me interested in a career that | had not really thought about looking into. This
will definitely be something | will continue to later in life.”

“I loved it and wish there was more.”
“It's a neat and fun experience.”

“I enjoyed it quite a bit, but | had a precursor to some of the knowledge, so it was a little repetitive and
whatnot.”

“Thank you for inviting high school students into your lab and giving them a taste of a college level lab.”
“I need a little more information on financial aid and scholarships. “

“Excellent overview of the program!”

“Very informative and fun program! | think these workshops would be great to offer as full summer camps
for middle/high school students.”

“Everyone was friendly.”
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