Student-centered active learning curriculum in evolutionary biology
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Quantifying Learning Community Growth Measuring Teaching Behaviors Posters as Authentic Assessments

Network Analysis As a Tool For Measuring and Quantifying Learning GCommunities: Active learning relies Data Driven Teaching Evaluations: Faculty are increasingly encouraged to adopt interactive teaching Scientific Posters As A Tool For Assessing Student Research Skills: Scientific posters are a tool for
on peer instruction and the development of learning communities. Peer instruction in group practices to increase student learning and reducing attrition. Yet, instructors in STEM disciplines communicating results in a succinct and visually clear manner, and as such they offer an
work is effective because because student-student interactions provide opportunities for often lack experience and confidence in using active learning in their courses. Offering objective, opportunity for authentic assesment of students’ experimental design skills, analysis, writing
individuals to meaningfully construct their understanding of the material [1]. Learning data driven feedback can help novice faculty to track the effectiveness of new activities. Our tool and data visualization skills. We explored the use of poster sessions as authentic assessments
communities have repeatedly been shown to promote learning gains and reduce attrition [2]. We measures multimple dimensions of faculty teaching. in 3 process-focused, upper-division courses. We report the results of a survey on student
used network analysis to quantify the number of peer connections made by each student experiences after participating in an indpendent poster project.
("degree”) and how central students became to the network ("connectedness”) and evaluated Methods: Over the course of two years, we iteratively developed a faculty teaching observation Methods: Since fall 2012 faculty have jointly hosted research symposium among upper division
the relationship between these measures and student performance [3]. tool (SITAR -- Student Interaction and Teaching Activity Report), which is "descended with courses. In 2012, 200 students collaborated on independent research projects, culminating in
Methods: We surveyed students in an upper division Figure 1: Example web survey given to students modification” from the RTOP [6], TDOP [7], COPUS [8], and the Student Engagement Protocol a poster session with over 50 entries. After the poster session concluded, students in the
Evolution course about their social connections a W ebSurvey—Week1 ___________________________________________ (Erin Lane, personal Communicfation)- ThiS tool is now being used by ab.OUt 25% of our evolutionary biology course completed a survey with five open ended questions about various
using web surveys with student photographs from ™= S L rew Martin? | | department’s faculty. In evolutionary biology, we trained a research assistant to collect aspects of their experienes creating and presenting posters. Results were coded by S. Seiter,
our class roster (with permission). We administered @ & Yes quantitative data using this tool during each class, and reviewed the automatically visualized data codes were organized into categories (Figure 6).
the survey three times: prior to the start of the 5 . O No Daily Trends = Results: Students overwhelmingly
semester, at 6 weeks into the semester and 12 i Countof - 7 Of StuentsInteracting During CQs Breakdown of Class Activites Found Posters Helph 8| found the poster session helpful, with
weeks into the semester (Figure 1) We calculated Did you work with Sarah Seiter? |n%<§:;gt?\?et j_ I I I I I I I I LEEEW :;ZS“T"”‘ e Share) Did Not Find Posters Helpful % 0394 reporting |earning gains_ Near|y
degree and connectedness using the iGraph and @ Yes Aotvities [ e e Similar Activity In Other Classes 3| a quarter of students reported that
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Network packages in R [4]. : | Count of | o Lo Argumentation and Reasoning that they liked choosing an
Results: We found that students increased their number of network connections during the first six B B I I I = I I I - I oone Collaboration ; gtdependent research topic.

- S - - : :. | o = udents reported making gains in a
weeks of class, but that they did not significantly increase the number of connections during the L o o Written Communication 5®| number of research and
second six weeks of class (Figure 3). We also found that class score was correlated with the Stugets . I l l I I I I I I l «Total On-task & Total Student-Oriented Editing and Revision % % communication skills, notably

R EEE ?E graphical representation of data
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Discussion: Our survey results
Indicate that poster sessions
promote learning gains, and help
students develop scientific analysis
and communication skills. Although
we present only data from Question

; mYNE e : Statistical Analysis
AgliD S e 0. >
AN A\ DI ISR S
Y h SeNLICE Ivaf},“‘ ‘¥
V2SS YA
A 't A./' "4“,‘\\“‘\\\ /’( 3;
AT Y 0% M T
. N - ‘ :‘:‘\“.i "’,‘\"’",/’L\\‘\ 4
A 1A

7 B 10
blicktér Question Nmeer
Learned From Peers

% Intervals . * Learned From Errors
w/ Peer L&

Interaction ¢ Identified Limitations of Data

Metacognitive
Skills

23 11 I 33 4.1 4.1 B3

number of connections gained during (Figure 4a: P=0.01, F =6.52, DF=1) and connectedness ; o " Total Teacher Focuses -
. ] 4 6 B T rapns
(F|gure 4b P=OO2, F=562, DF=1) AN 5 minute Interval
NN IPR L Phylogenetic Analyses
\~{'i~ 4\\( _..,‘E\ /{\\ /7 i"‘ GrQUp Size 075 I Group of 2
s,,;i\ /“ :\,,,‘ S 4 Puring PoST s = Group Of 3 Presentation Skills
g AT\ RS Z eV 0.25
N7 N R A > Lo v
| . . ;'7 ¥ “"' :/¢€ 3\:::1 i\:\‘ "\tiu‘: -%:\\ o\
AN\
\ : 's\‘7
/ <

1.1 12 1.3 Ll 22 =1 51 A g1 b2 B3 il .l L Bl a2 a.F 21 L a3 1
Average % ':':g Enjoyable
On -Task 4
Behavior 220
oog
1.1 1.4 1.3 r L4 ] 1 L1 6.1 a7 A .l d 5K fi1 g2 f .1 [ A =1 A3 Ak %1 52 =i 11

) . .
R * Sense of Independence 2| 1 (Figure 6), analysis of the other
Pre-Class Network Week 1- 6 Network Week 7- 12 Network v .igrouz Interesting I g:_ questions indicates that students
' : ' ' nvolved in Peer 5 - rou > . . . .
Figure 2: Social networks before and during class il ' BB E il i i i i i i H u D u D I u i Be: con New Or Novel l 41 gained practice in other skills. For
7 a2 Py - e | o e ne e e o Proud of Final Product I *§ example, Question 5 ("To what
20— — © = Figure 5: SITAR Data Visualization Dashboard. The upper "Daily Trends" portion visualizes data from a single class Real World Application I <| extent did the independent project
o c % session, while the lower "Semester Trends" portion visualizes longitudinally compiled data (in this case, from the and poster session advance your
%15 n_z 600— 2600~ sri]r.inr?.201|4 e(\j/olutionary kzjliolo?ykgours,le). TheI 'Daily Trends" data shown are from evolutionary biology class 10.1, Stresstul I . | . ability to communicate for brevity,
% é é whnICNh INvolved a case stuay Or SKIN color evolution. 0 %5 t5? o d75t 100 clarity, and scientific persuasion?”),
§10_ § § ercent ot students 46% reported that they had learned
S @ S . | | | . . .
Z (5 550— (5550 D ‘ d S |TAR f Figure 6: Survey Question 1 - To what extent did the to revise and select information to
- + 8 g ownlioa Oor use I yO ur independent project and poster session advance your ability communicate clearly with their
" - to graphically, verbally, or quantitatively represent audience.
. evolutionary problems?

Pro-Class Weeks  Weeks 0 5 10 15 0.003  0.004  0.005 C‘aserOm USing thiS QR COde

0-6 7-13 Number of Connections Change in Centrality
Added During Semester During Semester '
Figure 3: Average Connections Figure 4: Changes in number of connections (a) and in connectedness (b) are Refe rences DOWH ‘Oad OU r pOSter rU b rl C
per student for each survey correlated with final grades

[1] Handelsman, Jo, et al. "Scientific teaching." Science 304.5670 (2004): 521-522.

] [ | [ |
[2] Ambrose, Susan A., et al. How learning works: Seven research-based principles for smart teaching. John Wiley & Sons, 2010. u S I I I g -t ‘ I I S Q ‘ { CO d e

[3] Haak, David C., et al. "Increased structure and active learning reduce the achievement gap in introductory biology." Science 332.6034 (2011): 1213-1216.

Discussion: Our results show that a robust learning community can be established in 6 weeks.
Further, instead of generating distraction, greater connectivity promotes learning. While the

re|atIOnShIp between ConneCtIV.Ity and learnlng may be rellated to unmeasured Confoundlng [4] Freeman, Scott, et al. "Active learning increases student performance in science, engineering, and mathematics." Proceedings of the National Academy of Sciences (2014): 201319030. Ac kn OWI ed e m e nts
factors, such as attendance, this work shows that promoting peer connectedness does not have Q

[5] Cho, Hichang, et al. "Social networks, communication styles, and learning performance in a CSCL community." Computers & Education 49.2 (2007): 309-329.
detectable learning costs.

The authors wish to thank the students of our evolution courses from Fall 2012 - Spring 2014 for participating and engaging in our research
D | d .t . ‘ f ] Piburn, Michael, et al. "Reformed teaching observation protocol (RTOP) reference manual.” Tempe, Arizona: Arizona Collaborative for Excellence in the Preparation of Teachers (2000). program. Research asistants Kirill Balatsky and Andrew Witt collected SITAR data for the evolution course in 2014. Teaching assistants Sierra
| ing this QR cod

6

[7] Hora, Matthew, et.al. Teaching Dimensions Observation Protocol (TDOP) User’s Manual, Wisconsin Center for Education Research, University of Wisconsin-Madison. (2009) Love-Stowell and.Joanna Hubbard and lea.mmg aSSIStaﬂt§ Allison DeIG|ZZ|,.I\/Iargar.et Wilson, QretChe.n ChrIStOph, Peter Omasta, David Bargd, _

http://tdop.wceruw.org and Anna Patsznik helped to develop and implement curriculum. Anne-Marie Hoskinson contributed ideas and helped to test the SITAR during its
initial development; she also developed an early version of the poster presentation rubric. The authors also wish to acknolwedge the Science

[8] Smith, Michelle K., et al. "The Classroom Observation Protocol for Undergraduate STEM (COPUS): A New Instrument to Characterize University STEM Classroom Practices." CBE-Life Sciences Education Initiatve and the University of Colorado at Boulder for funding this work.

Education 12.4 (2013): 618-627.




