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Year two of the BEST program: high school science teachers in
bioengineering

Abstract:

The Next Generation Science Standards (NGSS) are a set of K-12 science and
engineering standards that require science teachers to deliver research-based, up-to-date science
content knowledge. While Illinois adopted NGSS in 2014, the school districts and teachers must
ultimately develop new curriculum to meet these standards. However, the development of such
curricula can prove challenging to educators without experience in scientific research and
engineering design. To address this gap in knowledge and facilitate the adoption of NGSS in
Chicago Public High Schools (CPS), the University of Illinois at Chicago (UIC) Colleges of
Engineering and Education developed the innovative Bioengineering Experience for Science
Teachers (BEST) program. This program pairs selected BEST applicants (Fellows) with several
UIC Bioengineering faculty members and their laboratories. Here, Fellows spend six summer
weeks immersed in the laboratory environment, participating in individualized research projects
under UIC Bioengineering faculty mentorship. During these six weeks, Fellows develop their
research skills, explore engineering design, and enhance their scientific pedagogy. Ultimately,
Fellows use this experience to develop new NGSS-compliant science and engineering curricula
for incorporation into their classroom the following academic year. To support the adoption of
NGSS-compliant curricula, all Fellows’ curricula are uploaded to a centralized website for free
download and use. Efficacy of the BEST program was assessed by mixed-method analysis
surveys administered pre- and post-program in addition to weekly surveys administered
throughout the program. The current study reports on the second successful year of the program.
Key differences from the seminal year of the program include emphasis on mentorship between
BEST Fellows and UIC Bioengineering faculty and dedicated workshop time for Fellows to
develop curricula. These changes were introduced to further enhance Fellows’ experience in the
program and to facilitate the development of curricula under the supervision of UIC
Bioengineering and Education faculty.

Introduction:

Science, technology, engineering, and mathematics (STEM) is at the foundation of
modern society. However, only 52% of adults in the United States claim to be “very interested”
in science and technology [1], in agreement with the well documented shortage of STEM
professionals [2]. Moreover, only 28% of adults in the United States are classified as civic
scientifically literate [3]. While a multitude of initiatives and approaches have been developed to
increase interest and literacy in STEM [4]-[6], science education as a whole must also be
enhanced. In recognition of this, the Next Generation Science Standards (NGSS) were



developed. The NGSS are a comprehensive set of K-12 standards, designed to modernize and
homogenize the teaching of science and engineering in the United States. Each NGSS standard
is considered to have three dimensions: 1) disciplinary core ideas, 2) scientific and engineering
practices, and 3) cross-cutting concepts [7][8]. Prior to NGSS, these dimensions were often
taught at a disconnect and by separate teachers, to the disadvantage of the student. Moreover,
NGSS establishes performance expectations related to each standard as well as coherence
between standards [8][9]. To date, NGSS has been adopted by 19 states and is used to structure
the science education of more than 35% of United States students [10]. However, the
development of compliant curricula integrating these three dimensions [11] is the duty of
individual teachers and remains a substantial challenge. This challenge is exacerbated by lack of
exposure to modern scientific and engineering practices, studies, and advances. In fact, according
to a recent study, fewer than 60% of surveyed high school teachers had strong science content
knowledge, with more than 10% having none at all [12].

Previously, programs were developed to enhance the instructor's knowledge regarding
science and engineering [13], including the National Science Foundation’s Research Experience
for Teachers program [14]-[16]; however, historically these programs did not provide formal
instruction regarding the development of new curriculum, and in the case of [16], instruction
focused on contextual inquiry - an approach not entirely consistent with NGSS’s cross-cutting
platform to building knowledge through use [11]. To address this limitation and facilitate the
development of NGSS-compliant curricula within Chicago Public Schools (CPS), the Colleges
of Engineering and Education at the University of Illinois at Chicago (UIC) developed the novel
Bioengineering Experience for Science Teachers (BEST) program [17]. The BEST program is a
six week summer immersion during which CPS high school science teachers are paired with UIC
Bioengineering faculty mentors and engage in individual research projects. As part of their
research, BEST participants learn about modern advances in science and engineering, expand
their own skill sets, and establish connections within academia. From this immersion,
participants develop new, research-based science and engineering curricula in compliance with
NGSS. To facilitate the development of these curricula, weekly workshops were included in the
program. During these workshops, participants discussed their research, experiences, and
pedagogy, as well as spent dedicated time towards developing their curriculum under the
guidance of UIC Bioengineering and Education faculty. While this program is similar in nature
to other Research Experience for Teachers programs, the focus on instructional pedagogy in
addition to content knowledge sets the program apart. Here we report on the second year of the
BEST program.

Methods:
Program Structure:




The BEST program is a six week experience where CPS high school teachers are
immersed in UIC Bioengineering laboratories for the purpose of developing new,
NGSS-compliant curricula. Once accepted, teachers (i.e., BEST Fellows) are paired with
Bioengineering faculty members and are immersed in his/her laboratory Monday-Thursday for
up to 35 hours per week. Fellows also spend up to 4 hours per week under the supervision of
their Bioengineering faculty member. In the laboratory, each Fellow progresses through an
individual research project, scoped collaboratively by both the Fellow and faculty mentor. The
Friday of each week is dedicated to a full-day BEST program workshop, where Fellows share
their experiences that week, discuss teaching methodology, learn about NGSS, and plan their
own curricula. By the conclusion of the program, BEST Fellows developed new curriculum
according to their laboratory experience. Each Fellow’s curriculum is developed according to
the standards established by NGSS and is structured as a self-contained unit that fits within the
larger scope of his/her classes. Moreover, each curriculum is connected to the context for
learning at each individual school, to best serve that student population.

Currently, the BEST program is a paid summer experience, with Fellows receiving
$7,500 at the end of the program after the successful submission of their curriculum, and a
further $500 after implementing their curriculum in the classroom. Direct scaling of the program
is limited due to the issuing of stipends and the amount of participating Bioengineering faculty,
however the posting of developed curricula online ensures that the efforts of Fellows to develop
NGSS-compliant curricula can be utilized by teachers across the country.

Fellows and Laboratory Placements:
In 2017, more than 40 CPS high school teachers applied to the program and ultimately

only eight were selected to participate. Fellows, their schools, and laboratory placements are
provided in Table 1. Fellows were of mixed racial background, sex, and from schools that
served varied demographics to holistically represent the CPS system. Schools were classified as
either neighborhood (i.e., schools that caters to students within a defined neighborhood
boundary) or selective enrollment (i.e., a school that caters to students outside of an immediate
boundary, as determined by standardized testing scores). Each lab corresponded to a unique
field in Bioengineering and placement of Fellows was determined based on preference and

aptitude.
Table 1. Participants in the 2017 BEST program
Fellow | Teaching | Roc¢ | Sex | HighSchoot | U RST8] | Biocngineering Faculty
k|0 | wee | e | e | Nemboondseont | Colmdine




High School

Student population: 73%
Hispanic, 21% White, 4%
African American, 2%

constructs for drug
screening, led by
Salman Khetani, Ph.D.

Other
Gwendolyn Selective Enrollment Using
Brooks school, 71% Low electroencephalography
RF 5 African Male College income; Student measurements to explore
American Preparatory | population: 80% African | the brain connectome,
Academy | American, 18% Hispanic, led by Alex Leow,
HS 1% White, 1% Other M.D., Ph.D.
Selective Enrollment
school, 39% Low Development and
Jones income; Student characterization of metal
HH 3 Asian Male College Prep population: 14% African biomedical implant
American, 29% Hispanic, materials, led by
39% White, 13% Asian, | Mathew Mathew, Ph.D.
5% Other
Neighborhood school,
81% Low income; Assessment of
. Lake View Student population: 9% biomineralization in
Vi 17 Asian | Female High School | African American, 71% | ferritin proteins, led by
Hispanic, 13% White, 4% | Tolou Shokuhfar, Ph.D.
Asian, 3% Other
David G Neighborhood school, Design and 3D printing
African Farragut 99% Low income; of lab equipment for
CM 7 American Male Career Student population: 9% low-resources
Academy African American, 90% environments, led by
High School Hispanic, 1% Other David Eddington, Ph.D.
Greater Neighborhood school, Assessment of airway
Lawndale 98% Low income; and lung acoustics as an
SN 15 White | Female | High School | Student population: 11% | early markers of disease,
for Social African American, 88% led by Tom Royston,
Justice Hispanic, 1% Other Ph.D.
Neighborhood school, Development of
R 83% Low income; phantoms for use in
oald ) ) o
ES 17 Asian | Female | Amundsen Student population: 12% motion-sensitive
. African American, 59% magnetic resonance
High School

Hispanic, 13% White,
14% Asian, 2% Other

imaging, led by Dieter
Klatt, Ph.D.




LS

Selective Enrollment
Albert G s‘chool, 47% Low
Lane income; Student
6 White | Female Technical population: 8% African
High School American, 41% Hispanic,
35% White, 11% Asian,
5% Other

Development and
application of
rehabilitation robotics,
led by Jim Patton, Ph.D.

Program Deliverables and Surveys:

By the conclusion of the program, BEST Fellows developed new NGSS-compliant
curriculum according to their lab experience. These curricula, including lesson plans, in-class
activities, assignments, etc., are posted online through the BEST program website
(https://bestbioe.uic.edu/) and may be freely adopted by other educators. BEST Fellows are then
expected to implement their new curriculum in class during the coming academic year.

To assess the effect of the BEST program, Fellows were requested to participate in
mixed-methods pre- and post-program surveys. These surveys contained quantitative and
qualitative questions (Likert scale and open-ended short answer, respectively) to assess Fellows’
understanding of pedagogy and bioengineering topics. Additionally, weekly surveys were
administered to determine BEST Fellow progression throughout the program and to provide
feedback about their experience that was either promoting or hindering their success in the
program. Lastly, to determine when BEST Fellows implemented their new curricula, two
additional surveys were administered at the end of Fall 2017 and Spring 2018 semesters. All
surveys were mixed-method and contained both qualitative and quantitative questions. The
administration and data collection of all surveys was approved by the Institutional Review Board
at UIC.

Data Analyses:

Quantitative questions on surveys were answered using a 5-point Likert scale between
strongly agree/positive (1) to strongly disagree/negative (5). Paired t-test was used to determine
the effect of the program on paired pre- and post-program survey questions. General linear
model repeated measures analysis was used to determine the effect of time on paired weekly
survey questions. All statistical analyses were performed using SPSS statistical software
(version 24, SPSS, Chicago, IL, USA). Statistical significance was accepted at P < 0.05.

Results:
Weekly Surveys:




Best Fellows’ answers to questions from the weekly surveys are presented in Table 2.

Data here correspond to a 5-point Likert scale from strongly agree/positive to strongly

disagree/negative (1 and 5, respectively). The effect of time on answers is provided. Briefly,

there was no effect of the time on Fellows’ weekly experience in their lab (Q5_1) and the Friday

curriculum workshop (Q5_2), with averages of 1.74 = 1.17 and 1.88 + 0.87, respectively. These

scores indicate experiences between positive and strongly positive. There was a significant

effect of time on agreement that Fellows’ learning was adequately supported (Q3_4; P =0.026)

and that Fellows would be able to transfer their new knowledge to the classroom (Q3 5; P =

0.004). Lastly, there was no effect of time on agreement that collaboration with other Fellows

was helpful, with an average of 1.48 = 0.74. This score indicates responses between agree and

strongly agree that Fellow collaborations were helpful.

Table 2. Questions and Fellows’ answers from the weekly surveys (N = 7). Data

correspond to a 5-point Likert scale from strongly agree/positive to strongly

disagree/negative (scores of 1 and 5, respectively). Data are presented as mean =+ standard

deviation. Asterisk indicates statistical significance (P < 0.05).

regarding your lab experience .
- I will be able to transfer my

Week
Question Week 1 ;e Week 3 | Week4 | Week 5 | P-value
5 1) Pl t
«Q " ) Pleasera erour 185+ | 220% | 129+ | 157+ | 171= |
ra rience - In r )
overa'l experience - M you 121 160 | 049 0.79 1.49
bioengineering lab
5 2) Pl t
Q _11) case Tate fo'; 200+ | 186+ | 186= | 186% | 186+ |
T rience - In )
overal experienee ¢ 057 | 069 | 069 0.69 1.57
curriculum workshop
(Q3_4) Please rate the extent
to which you agree or disagree
with the following statements 2.43 + 271 £ 1.71 £ 1.71 £ 143 + 0.026*
regarding your lab experience . 1.62 1.60 0.76 0.76 0.53 ’
- My learning is adequately
supported.
(Q3_5) Please rate the extent
to which di
° .Vtvh 1; zoﬁ AeTee Otr tlsagrfe 185+ | 286+ | 121+ | 143+ | 143 | o
i in men .
WIth the ToTIOWINg SEements 1690 | 121 | 049 0.53 0.53




learning in the lab to my

classroom

(Q4_7) Please rate the extent
to which you agree or disagree
with the followmg s‘FatementS 143 4 157+ | 1434 143 4 157+
regarding the curriculum 0.987
. 0.53 1.13 0.79 0.53 0.79
workshop. - Collaboration
with the BEST teachers is

helpful

Paired Pre- and Post-Program Survey Questions:

BEST Fellows’ answers to paired questions from the pre- and post-program surveys
related to pedagogy and STEM topics/techniques are presented in Tables 3 and 4, respectively.
In Table 3, Fellows were requested to rate their confidence level implementing the listed
planning and instructional concepts and techniques into their teaching practice. In Table 4,
Fellows were requested to rate their confidence level implementing the listed STEM topics and
techniques into their teaching practice Data from both Tables correspond to a 5-point Likert
scale from strongly confident to not confident at all (1 and 5, respectively). The effect of the
program on answers is provided. Notably, there was a significant effect of the program on
responses for each of the presented pedagogy and STEM questions (P < 0.038). Specifically, the
largest changes in confidence levels were observed in relation to using the NGSS (Q6_10; P =
0.006) and the engineering method (Q9_5; P = 0.022).

Table 3. Paired pre- and post-program survey questions related to pedagogy and Fellows’
answers (N = 8). Data correspond to a 5-point Likert scale from strongly confident to not
confident at all (scores of 1 and 5, respectively). Data are presented as mean + standard
deviation. Asterisk indicates statistical significance (P < 0.05).

Please rate your confidence level
implementing the following planning

and instructional concepts and Pre-Program Post-Program P-value
techniques into your teaching practice:
(Q6_1) Using backwards design in lesson 25410 14405 0.015*

planning

(Q6_2) Using essential questions to 26+1.1 1.5+0.8 0.015*




promote critical thinking
(Q6_3) C?nnectlng cur.rlculurn to 26+1.1 1.6+ 0.9 0.033*
students’ culture and interests
(Q6_4) Appealmg to §tudents intrinsic 284009 15408 0.005*
motivation
(Q6_5) Creating rubrics for assessment 29+1.0 1.5+0.8 0.004*
(Q6_6) Using questlc:nlng techmques to 254009 11404 0.008*
check for students’ understanding
(Q6_7) leferentl,atlng to meet all 29408 18407 0.007*
students’ needs
(Q6_8) Creatlng asse§sm§nts aligned to 28+1.0 14407 0.008*
learning objectives
(Q6 9) Usmg assess‘ments to inform 2841.0 15408 0.011*
mstruction
(Q6_10) Using Next Generation Science
Standards to inform my planning and 33£1.3 1.6 £0.7 0.006*
instruction

Table 4. Paired pre- and post-program survey questions related to STEM

topics/techniques and Fellows’ answers (N = 8). Data correspond to a S-point Likert scale
from strongly confident to not confident at all (scores of 1 and 5, respectively). Data are
presented as mean + standard deviation. Asterisk indicates statistical significance (P <

0.05).
Please rate your confidence level
implementing the following STEM
. . . . Pre-Program | Post-Program P-value
topics and techniques into your teaching
practice:
(Q9 1) Applying the scientific method 1.9+£0.6 1.3+0.5 0.011%*
(Q9_2) Documenting tes.,t protocols and 28414 14405 0.020*
results appropriately
(Q9_3) Employing stqtlstlcal calculations 35410 23413 0.038*
for experiments




(Q9_4) Employing lab safety techniques 2.0+0.5 1.3+£0.5 0.003*

(Q9_5) Employing the Engineering

+ + *
Design Method 3.7+ 1.0 1.8+0.7 0.022

Curriculum implementation:

The first round of the final survey was sent to BEST fellows in December 2017. From
the responses, three Fellows had already implemented their curriculum in the Fall 2017 semester,
following summer participation in the program.

Discussion:

In the second year of the Bioengineering Experience for Science Teachers program, we
modified the Friday workshops to allow for more independent curriculum development time.
This change provided more time for Fellows to develop their NGSS-compliant curricula with the
assistance of both Engineering and Education program faculty. Moreover, we emphasized
mentorship from the Bioengineering faculty to BEST Fellows, to provide a more enriched
experience for both.

Weekly Surveys:

The weekly surveys allowed BEST Fellows to reflect on their progress through the
program and their ability to develop new curricula according to NGSS. On average, BEST
Fellows rated their time in their bioengineering labs between positive and strongly positive.
From the weekly surveys, Fellows were asked to describe some of the lab activities that
promoted their understanding of bioengineering. From their responses:

“[ think doing some background research, having conversations with the researchers,
and asking questions helped me understand research and engineering better”,

“[ performed lab protocols, trouble shot, documented, and problem solved.”
However, one Fellow had a negative experience due to logistics with his/her mentor, and
when asked what experiences hindered his/her learning opportunities that week (i.e., the second

week), replied:

“[t]here has not been any official training or demonstration of laboratory protocols at
this point.”



However, as time progressed, BEST Fellows increasingly agreed that their learning was
being adequately supported by their lab experience. For example, the same individual with the
negative experience in the second week reported that there was nothing that hindered his/her
learning in the sixth week.

BEST Fellows also rated their experience in the Friday workshop positively. Moreover,
Fellows were in agreement that working together during these workshops was helpful. When
asked what aspects of the workshop promoted their learning, Fellows responded: “/s/haring out
experiences and open group discussions”, ““[t]he readings and paired discussions regarding
pedagogy was helpful.” Further, as time progressed, Fellows grew more confident that they
could transfer their new knowledge to the classroom. We attribute this trend to the dedicated
curricula development time in the Friday workshops. When asked what was the highlight of

their Friday workshops, Fellows responded:

“having self directed time to work on my lesson planning”,

“[h]aving a good chunk of time to work on the curriculum this week was the highlight. [
felt this particular work session allowed for me to really focus on getting my curriculum jump

started!”

Paired Pre- and Post-Program Survey Questions:

To assess the effect of the program on generating NGSS-compliant curriculum, BEST
Fellows were prompted with paired questions from the pre- and post-program surveys regarding
pedagogy and STEM topics/techniques. The program significantly increased BEST Fellows’
confidence implementing planning and instructional concepts and techniques into their teaching
practice. Among these concepts and techniques were several relating to the students
understanding of content. Interestingly, despite adoption of NGSS several years prior, Fellows
responded to the pre-program survey with only moderate confidence in using NGSS to inform
their planning and instruction. This result may, at least in part, be due to the lack of structured
curriculum development at the individual classroom level. Moreover, many teachers lack
adequate content knowledge in modern science and engineering advances, rendering generation
of new curriculum difficult. However, after the program, BEST Fellows’ confidence in using
NGSS to inform their planning and instruction had significantly increased to between confident
and highly confident.

The program also significantly increased BEST Fellows’ confidence implementing
STEM topics and techniques. Before the program, Fellows were of moderate or worse
confidence regarding documenting test protocols and results, employing statistical calculations,
and employing the engineering design method. After the program, confidence in each of these



topics had significantly increased. In fact, the laboratory experience had increased confidence in
documenting test protocols and results as well as employing the engineering design method to
between confident and extremely confident. To additionally emphasize the engineering design
method, a didactic lecture was given and a group discussion was curated. From the
post-program survey, BEST Fellows were asked to provide an example of how they plan to
employ the engineering design method in their class, to which one responded:

“[t]he [engineering design method] is incorporated into the BEST curriculum through
the development of a working component of a rehabilitation robot...students ARE required to
design, prototype, test and program a working component of the rehabilitation robot they would
employ in their research. As part of a final presentation, students will be expected to comment on
how the [engineering design method] was utilized to develop their working component.”

Another Fellow elected to incorporate engineering design in another way,

“[s]tudents...will evaluate engineered solutions by comparing data sets about two
different methods of cell culturing and determining which is optimal.”

Future Plans:

We plan to make two modifications for the 2018 Bioengineering Experience for Science
Teachers program year. First, we will provide more didactic content pertaining to NGSS, by
specifically examining the structure of the requirements and tasks that are asked of students.
Second, to further facilitate the mentor relationship, we will require that Fellows meet with their
faculty mentor at least once a week, in the case that Fellows are coordinating with postdocs or
other lab members.

It should be noted that due to the limited number of Fellows from the current program
year (N=8), statistical power and ability to draw conclusions from survey data can be weakened.
However, we plan to use these same survey questions in subsequent program years to
substantiate these preliminary findings and elucidate the BEST program’s efficacy.

Furthermore, quantitative data analysis and results were presented and supported with individual
qualitative responses from the survey questions. Future studies regarding this program may also
perform comprehensive analysis on the qualitative data to better elucidate program efficacy.
Lastly, we recognize that self-assessment, as presented here, is a relatively weak tool and we will
integrate more stringent assessment methodology to determine the effects of the program. These
tools include expert assessment and better written questions to accurately determine Fellow
content knowledge.

Conclusion:



In conclusion, we report on the second year of the Bioengineering Experience for Science
Teachers program at the University of Illinois at Chicago. This year, eight high school science
teachers participated in the program and, according to their primary research projects, developed
new curricula in compliance with NGSS. New this year was increased workshop time for
curriculum development. Participants responded well to this and ultimately felt more confident
in delivering their technical experience to students, using NGSS to inform their teaching, and
employing the engineering design method. The ability for this program to successfully educate
teachers in engineering can potentially be of high impact in a society with strong demand for
technical careers. The curricula developed by participants is available online and is freely
available for adoption.
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