Qualitative analysis of introductory biology students’ recollections after a completing a CURE or
non-CURE laboratory course indicates that CUREs Framework constructs are salient to students
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CONTEXT & RESEARCH QUESTION RESULTS RESULTS SUMMARY

RESEARCH QUESTION: We investigated how participating in a CURE curriculum, or its
traditional non-CURE counterpart, impacted students’ perceptions of their introductory biology
laboratory experience at the University of Washington (UW). Prior studies have defined key
features of CURESs as: 1) use of scientific practices, 2) discovery and relevance, 3) collaboration,
and 4) iteration {Auchincloss, 2014}. We analyzed students’ post-course reflections to assess the
extent to which CURE and non-CURE students consider these to be prominent features of their
labs. Two primary goals of our study were to determine how our CURE curriculum influenced
students’ affect towards and understanding of scientific research, and to analyze how students’
perceptions of their CURE or non-CURE laboratory experiences aligned with the field’s
established framework.

Figure 1 - Interview Participants: 40 volunteers were randomly selected from 4 introductory
biology course-offerings spanning 3 quarters (Fall 2018, Winter 2019, and Spring 2019). All
enrolled students were invited to participate in focus group interviews after completing the
respective course(s). Sixteen focus groups interviews were conducted; data shown reflect 8
interviews analyzed thus far.
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Laboratory Modules in Non-CURE and CURE Biol & Bio2

Figure 2 — Venn Diagrams of Laboratory Modules: Laboratory modules included in the
Non-CURE (orange shading) and CURE (blue shading) versions of Bio1 and Bio2,
respectively, are shown. Overlapping modules were retained to meet key learning objectives
not fulfilled in the CURE project, which focused on evolution of antibiotic resistance (CURE
Bio1) and its molecular basis (CURE Bio2).
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METHODS

RESEARCH DESIGN: We conducted focus group interviews with students who had recently
completed either the CURE or non-CURE version of Part 1 or Part 2 of the introductory biology
series at UW. All enrollees were invited to participate, and 40 volunteers were randomly selected
(n = 16 groups; mean group-size: 2.5 students, range: 2-4 students). We employed a semi-
structured interview protocol with 17 questions.

ANALYSES: Interviews were audio recorded, transcribed, and analyzed by a team of 6
qualitative data analysts using grounded theory to define emergent codes and themes. At least 2
coders analyzed each of the interview transcripts; all 6 analysts discussed their individually-
generated codes to develop consensus codes. Tests of inter-rater reliability in applying
consensus codes are in progress.

Here, we present preliminary qualitative analyses of students’ responses to Question #3: “What did you do in labs for this course
and why did you do it?”, after participating in a CURE or Non-CURE series of laboratory modules (described in Figure 2).

Figure 3 —Tree of qualitative codes applied to analyze Non-CURE and CURE students’ responses to Question #3: Emergent codes were generated by 6 qualitative
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INTERPRETATIONS: Our preliminary analyses of
students’ responses to “What did you do in your labs and
why?” in 8 transcripts indicate that CURE students

data analysts (raters) who read and memo-ed transcripts, and discussed the meaning of participants’ statements to arrive at consensus codes, shown below-left. The
raters were blind to whether participants were in a Non-CURE or CURE course.
- Parent-level codes are denoted with teal-blue bars; child-codes with pink, and sub-child-codes with orange. Parent-level codes were “CURE”, What (“WH”), and

Why (“WY”).

- Child-codes under “CURE” include alignment with undergraduate major and/or career objective (MjrCarr), Interpersonal Skills (IntrPersSkll), doing research

(Doing), real-world applications (RIWrld), Contributing to a professional research-lab’s research (ContrReal Rsch), and obtaining unknown/open-ended results
(UnkwnOpenRes).
- Child-codes under “What” (WH) mainly refer to topics of specific lab modules (Figure 2), with the exception of activities, such as Discussion (Disc), experience with

lab-work and techniques (ExplLab), reading studies (RdStdy), mini-lectures by the teaching assistant (TAMinLec), teamwork on dry-erase boards (Whiteboard), and
worksheets (WrkSht); and one experimental outcome: RNA polymerase change due to selection of resistance-conferring mutation(s) (RNAPoly).
- Child-codes under “Why” (WY) range in focus from providing direct support for lecture objectives [e.g., learn Mitosis/Meiosis (Me/Mit), familiarize with lecture

content (FamLectCont)], to transferrable skills, science process skills, and broader relevance of the labs’ objectives.
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Figure 5 — Word-cloud of codes applied to statements from interview participants who completed a Non-CURE or CURE series of lab modules:
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mention parameters not found in non-CURE students’
discourse. For example, whereas non-CURE students
emphasized content-delivery methods, mastery of discrete
skills, and reinforcement of lecture concepts; CURE
students cited encountering unexpected results
(opportunities for iteration) and learning about professional
research by conducting their own research (scientific
practices), which addressed questions that could help
inform public health measures and clinical practices
(discovery and relevance).

CONTRIBUTION: In this study, we found that students’
salient reflections on their introductory biology laboratory
experience align with outcomes predicted by the CUREs

URE or CURE series of lab modules: Codes tha

iIndependent raters assigned to describe statements made by participants who completed a Non-CURE (Panel A) or CURE (Panel B)
series of lab modules are shown, below-right. The code-tree (described in Figure 3) appears in the left-most 2 columns, and student-
aliases for the participants in each treatment-group are noted at the top of each column. The frequency with which codes were
assigned is color-coded in a heat-map: low, intermediate and high frequencies are indicated with blue, green, and red shading,
respectively; absence of color indicates no code was assigned. Totals are reported in the bottom-most row (per participant), and the
right-most column® (per code). [* The latter totals include co-occurrence with all other codes in the table, although only a subset of

columns — the student’s aliases — are shown].

framework to a greater extent if they participated in a CURE
than if they participated in a non-CURE laboratory
experience. Therefore, our data suggests that students
recognize the benefits of CURESs, and that students’
perceptions of those benefits are consistent with CURE
experts’ views. Thus, our findings may help encourage
faculty to implement CURE curricula by reinforcing — in the
words of students — that the outcomes merit investing extra

A) Non-CURE B) CURE _ )
CODES [Sub-codes |Student 11[Student 12| student 13]student 14 student 15Student 18 Student 17|Student 18|Student 19| CODES [Subcodes [Student 1 1Student 2 1student 3 1Student 4 1Student s 1Student & 1Student 7 15tudent 8 1Student 9 1Student 10 effort in Ieadlng CUREs.
CURE 0 0 0 0 0 0 0 0 0 0 CURE 2 1
MijrCarr 0 0 0 0 0 0 0 0 0 0 MijrCarr 0 0 0 a
IntrPersskl 0 0 0 0 0 0 0 0 0 0 —— 0 0 0 0 ON S
Dain a a a a a L1 a a a a : . 9
lefd 0 0 0 0 0 0 0 0 0 Eﬁ.ﬁd E E ; ; FUTURE DIRECTI
WH 3 3 2 6 6 1 1 2 10 WH 3 3 o 1 1 2 3
MialBioLab 0 0 0 ol o] o 0 0 1 5 ™ 2 2 . . .
BioDivLab o o o 0 2 1 o o of 13 EELE:U;IJ E a 0 E E E E E E 0 Next SteDS for this DI'OleCt Include:
Fh?TrEj E E E g E E E E PhyTree 0 0 0 0 0 0 0 0 0 0 0 o _ _ _ o
Dighda -
g - - - 1 1 : : 0 T igtlod g g 3 g 3 g g g 3 0 0 1. Analyze 8 additional interview transcripts (21 participants.)
PosSym 0 0 0 0 0 a 0 0 0 : PosSym 0 {IH—{I- 0 0 0 0 5 2 C T is f : : :
DLk 3 : 3 3 3 3 3 3 3 3 ExpLab o 0 2 2 0 0 E E . Complete qualitative analysis for other interview questions
In];mLI:l F 0 0 0 0 E] 0 0 18 :Z:Eh E E E E E E E E E E E within the 16 tranSCFip’[S, such as:
BacResish 0 0 0 0 0 0 0 0 0 0 ey 2 i« . . . . .
e : : : 2 : : : : : 2 ot 0 3-3 ﬂ « “What did you think about how science is done before taking
E%E'”c”t o ) B T S T : S VioleioCn of o o o of o o of ofs this course’s labs? If your understanding has changed in any
Em La a a a a a L1 2 | a B . . 1]
LITT — 5 ; 5 ; ] ; . . g 0 : 0 0 0 . 0 : 0 2 0 way, how did it change?
Mt/ heiLa a a a a 1 1 a a 17 . . 13 .
i . : : : ~ EE . : - i/ veiLat C C C C C C C C : : : * “Did you encounter any unexpected results? If so, what was
RNAFo a a a a a L1 a a a 1 ”
chm{ A o o o o o o o Chiost o —— ., Eﬂ . that like’?
Resplab | 0 0 0 0 0 0 0 0 0 ——
SuDirLat I o o[ o[ o[ o o o st | T | S S S S R E—- E— 3. Troubleshoot R source-code to:
Stats [ 0] 0 0 0 2 2 0 0 1 < . . . e
oirce EYRET o O o o[ o T . - ———— - calculate Cohen’s kappa (for inter-rater reliability),
Whiteboar a 1 a of o0 1 L o o Whiteboar 0 0 i g 0 0 0 0 g 0 0 T . ¥
Wrisht o 4 1 1 1 : 0 0 0 e . ; : : : : ; . : : : « perform statistical analyses of significance, and
Wy 2 2 | 1 2 E 1 1 2 . . . . .
T T B S S N T S R S T I -  — - graph percentage of interviewees in Non-CURE and CURE
Emjm’? of o o[ o[ o o o o e : = lab series who made a statement that elicited each code.
Evo/fMNat5e a a a a L1 a a a . .
T I — — EFE D B— — e —— o o o o g 4. Seeking collaborators:
LrnAbtRse 0 0 0 0 0 0 0 - 2 2 2 . ‘ - - .
FgrOncpt ; : : ; ; ; ; g s L M — C 0 : . To analyze Spring ‘21 Scientist Spotlights data, &/or R code.
Fosindp 0 0 0 : L : : : : : Fosindp 1 0 0 0 0 0 0 0 0 0
ConLbSkl a a a 0 0 g 0 0 0 0 ConLbSkl 0 1 0 0 0 0 0 0 1 1
e o o o o ST S S ) R BN S S S W - ACKNOWLEDGEMENTS
Preskills a 1 1 a a a a a 1 1
LrnExpDsg 0 0 1 2 1 3 1 I 1 LrnExpDsg 2 1 0 0 0 0 0 0 1 1
Mei /Miit 0 0 0 0 0 0 1 0 0 e /Mit ol o 0 0 0 0 0 _
Editfg 0 m Undstndnd 5 3 0 0 0 0 0 We thank Scott Freeman, Sara Brownell, Alison Crowe, Mary Pat
i ; 2 : e + I Fambectcs End Wenderoth, Katie J. Dickinson, Ben Kerr, Ben Wiggins, and the Kerr and
Totals I 2 = & Totals 32 24 25 25 5 5 10 BERG Labs for helpful discussions. We thank UW Intro Bio CURE alumni
(especially focus group interview volunteers and Peer Facilitators).
This work was supported by an HHMI (STEM-Dawgs)
A) Non-CURE SACRLE grant to Scott Freeman. JM would like to thank members

LmAbtHach

Incrint

B B 2
!

(4

PhyTree TAMINLEC whiteboard

Meid/Mit

Stats

Embryolab

EvoNatSelec

FigrCncptThmslf

insmiLb

ThinkSci

RAMAPoly

WH
3 CURE B3 oRagisMut

.

of the UW Department of Biology for past and future
collaborations, and colleagues in the Department of r
Biological Sciences at California State University,
Sacramento; in particular, Kelly K. McDonald.

hhmi

Reaplab
MolBicCn MolBloLabTch

Explal
PreSkills
TAMinLe

*

A

FamLectCont

- BIWHd yndstndNatSelec
| rnAbtRsch

Howard Hughes
Medical Institute

PosSym

Stats ConlLbSkl DataAnalysis

REFERENCES

1) Auchincloss, L. C., Laursen, S. L., Branchaw, J. L., Eagan, K.,
Graham, M., Hanauer, D. I., Lawrie, G., McLinn, C. M., Pelaez, N.,
Rowland, S., Towns, M., Trautmann, N. M., Varma-Nelson, P., Weston,
T.J., & Dolan, E. L. (2014). Assessment of course-based

MjrCarr
LmExpDsgn

Word-clouds visualizations of codes that 2 independent raters assigned to describe statements made by participants who completed a Non-CURE (Panel A)
or CURE (Panel B) series of lab modules are shown above. These word-clouds provide an alternative view of the code-frequency data depicted in Figure 4.
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Comments during Zoom poster session from visitors:
Met Supriya, from SEB’s group at ASU (PD hired for quanitative; gave me GREAT advice on when to try quant or stay 100% qualitative — Follow up via email

More notes on “June 2020” page of Ram Dass notebook, from: Supriya, and from Jon Herron

Chat:
2:43:06
12:43:19
13:00:30
14:02:51
14:03:18

From Becca Price (she/hers) : Joya - I've looked through your poster, and it's exciting and strong research! Sounds like your coding scheme is quite strong, and | like the plan to start lumping into bigger themes. Happy to talk in more detail later on. So nice to see you!
From Becca Price (she/hers) : I've got a ton of posters to visit today, so I'm going to move on.

From Bailey Rowe (she/her) : I’'m going to run Joya. Your poster was great!! Super interested in how you do quantitative stuff going forward.

From Kelly McDonald : Nice work, Joya. | have to run to a Buddy meeting.

From Heather Fletcher : Thanks, Joya! :)




Q4: Do you feel
that lab
supported your
understanding?
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