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Introduction: Information literacy, experimental design, data science, and statistical thinking are foundational skills for biologists. Developing that toolkit early may be integral to undergraduate learners identifying as biologists and persisting in the field. Data
Analysis and Design for Biologists (BILD b; 4 units) was piloted in the winter of 2022 at U.C. San Diego to help fill that role. This course is a practical introduction to core science process skills. Additionally, students are introduced to coding, data management, and
guantitative analysis using the R programming language. Students learn how to evaluate scientific information, design experiments, manage data, and analyze it statistically. We assessed learning gains and changes in attitude with pre- and post-course surveys.

Goals: 1) Evaluate student learning of science process skills during a 10-week quarter using a modified concept inventory.

2) Determine the effect of this course on improving student confidence and attitudes toward science and biology.

Course Flow:

Results

Concept Inventory PRE-test %

POS5ST-test %

Quesll-ions grouped by mapping 1-0 Course qurning Course LEEII’I'IiI'Ig 'Dh‘_jEEtiUES Correct Correct
Active | ino lect . Building their toolkit objechves Create testable hypotheses addressing valid biclogical questions. 75.2 85.6
ctive learning lecture section — Building their toolkits : :
s - » Data is currently only for Winter quarter 2022 ) - - |
Fvaluate the credibility and value of relevant scientific information. 68.8 80
» Learning gains as measured by the concept inventory
are modest Design experiments that effectively test hypotheses, 50.4 67.6
SI‘::::'::"‘: Experimental Design D:tzt%iﬂ:{i'::tf;n Statistics > The greatest gains were seen in questions related to Construct figures that effectively communicate data. 72.6 75.1
Information literacy and experimental design. , . - " . ] o
Perform appropriate quantitative and statistical analyses on experimental data. 85.3 82.9
» While there is benefit to using a validated CI (TOSLS), | _ . o
. : erpret the results of quantitative statisticz s and associated analyses TT. 80.6
we found many of the questions did not adequately nTerpret the results of quantitative statistical models and associated analy -
represenT course |eC1miﬂ9 objec’rives. Future iterations Examine the ethical responsibilities of scientists when creating and communicating scientific 90.7 52.8
Assessments, activities, and projects — Using their toolkits will involve a rewrite of the survey to better match the evidence.
stated goals of the course.
Collaborative coding inR Exploration of biological research . . . .. e
Completing an investigative cycle Student Attitudes Surve :
with RStudio and and culture via examples, . , - . : . 8 Y EXOmple Likert Scales | .
. - _ ' in a student designed project. . . o . . Question t Statistic P-value
RMarkdown discussion, and active learning Paired t-tests examining changes in Likert
chle dqtq (See SCCIleS on rlghf) The Holm- RESPDHSE Carrying out a research project entirely of student design 7.168 0
o strongly disagree
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. . Disagree
« Data Analysis and Design for Biologists (BILD 5) has been offered every quarter multiple comparisons. |
since January 2022, with enrollment of approximately 60 students per section. . . Somewnat disagree Choosing methods of investigation in a research project 5.643 0
« Students are offered extra credit to complete a pre- and post-course concept Working individually on research 5,591 0
inventory and course attitudes surve Quarter 2022 haree
Y . . Y- . e . . > Most sianifi Nt in her tudent Strongly agree Writing code in the R programming language 5.029 0
- The concepft inventory is adapted from the Test of Scientific Literacy Skills (TOSLS) OB SIGIIMTEEIIT SRl iTElns SIelks
and mapped to our course learning objectives. We added gquestions on data Ol.ger?cy IN the scientific process Is Reading and understanding primary scientific literature 4.006 0.009
SCIGHCG Clﬂd STOT'ST'CO' Thlﬂklﬂg. . hlghllghTed- HE‘SDDT‘ISE‘ "-.-"-.-'I'i’[iI'IQ research [III'CI;:-DSEIE 3 54 0028
» Qur attitudes survey was adapted from multiple sources, such as the Student > There was a surprisingly significant Very inexperienced
C E T Q 1_ . SCEQ Th B ST d P . . . Inexperienced Learning to use software involved in the scientific or academic process. 3.975 0.034
ourge ngqgemen uestionnaire ( )' € bIggs >Tuay I'OCGS.S negative impact on the perceived | |
Questionnaire, and the Classroom Undergraduate Research Experience (CURE) importance of going to class everyday and Eﬂmew:a:'”‘“p?“e”'ijﬂ Generating research questions and hypotheses 3.377 0.061
. . . . agmewnat experience
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video recordings and a large portion of .
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Conclusions and Future Research active learning conducted asynchronously
T | . outside of class.
« For most course objectives there was an increase in the number of correctly answered |
guestions on the post-course concept inventory, albeit at modest levels. The clearest gains Example Final Student Project e o St ot et ot Sample Student Comments
c 6010 c o o a Ifferences for Osteoarthntis Data (without outher
were In positive changes to students feeling they gained practical experience related to
The IHVGSTIQOTIVG CYCIG Th'S IﬂC|Uded STUdeﬂT percepTIOﬂ Of Thew OblllTy TO reC]d Ond Obesity and Knee Osteoarthrtitis: A Case-Control Study ] “l “ . h Th | | |d h T k f h T
understand primary literature and experience carrying out a research project entirely of Sarah Kng really wis IS Was d Class 1 CoU ave 1d e.n m.y reshman yedr o
their own design. UCSD. | teel as though | learned a great deal in this class. Even though

count

The Question

I've taken statistics in the past, this class really helps me fruly put statistical

methods into practice By letting me create my own research project. |
- truly admire Dr. Keefe for putting this class together and | hope in the
future this class would be a major requirement for all biology majors
whether they like it or not lol”

« Early explicit instruction in science process skills is valuable, both to students’ learning and
their perception of themselves as independent scientists and thinkers. Biology programs
can benefit from incorporating a course of this nature into the curriculum of
undergraduate majors. | -

Rationale and Backgrownd:

Why is obesity a risk factor for development of knee ostecarthritis?

Dhisclaimer: This project analyees simulated data. The questions and hypotheses are real, but
the results and conclusions are not
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The subficld of muscle and movement is very impor Difference in BMI (kg}'mnz]l
az humans, use a variety of muscles no matter what movement or activity or basic human re we are
participating in, from walking to eating to pumping blood in our body; so it remains incredibly critical

X ) . ) . ks . test( NowMyFullData$Diff,
to know how our muscles and movements impact us and further, how it can be treated if it § Y

poorn”, mean(NewMyFullData$Diff), =d(NewMyFullDatafDiff))

FUTURE RESEARCH: e

+ Improve the applicability of the concept inventory questions to the course and analyze “This course has boosted my confidence in my coding abilifies and
concepft invenfory data in a pair-wise fashion to better measure learning gains. mm SR understanding of statistics. | feel | have acquired another skill in my

« Compare learning gains to course grades and collected demographic information. Does o il e el e toolset, that | can readily put on my resume 1o pursue opportunities that
a course of this nature impact minoritized student populations differently than non- ko o R (b e T e e o

utilize statistics in R. | am very grateful for taking this course!”

1 Detecarthritis 22.0
i ced on weight-bearing knee #% 3 2 NoOsteoarthritis 19.5
iz the damage to their knee and ## 4 2 Dsteoarthritis 24,2

4 multiple risk ## 5 3 NoDsteoarthriti=s 22.6

ceifically ## 6 3 Dstecarthritis  23.4

HOTE
o o _ : . g ) . T 1 # removing the outlier pair in the fidy data
whether or not there is a significant rence in BMI between those diagnosed with knee osteoarthritis and . ; : ) . g . o

. : NewTidyMyData <- TidyMyData[-c(45, 50), 1

those no diagnosed. I

minoritized studentse Data collected includes ethnic identity, gender identity, # of years in
program, and whether a student is first-gen, a transfer or international student.

* |n the future, we would like to follow BILD 5 cohorts throughout their undergraduate career
and beyond. Is there a lasting impact on career choice or academic successe .
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“Very informative, gives you an intro to coding and stafisfics in relation 1o
o biology. You learn a lot about experimental design, how to test things,
and much more.”
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