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Students experience difficulty understanding biological concepts as they involve numerous inter- A repeated-measures ANOVA was conducted to evaluate the relationship between treatment and knowl-
acting processes occurring at multiple scales of time and space. Rather, students tend to approach edge over time.The results, summarized in the table below, show that test scores varied significantly be-
biology as a series of unconnected ideas or theories, rarely integrating their knowledge and making tween pre, post, and delayed post assessment (Wilk's A =.665,F(2,126) = 31.74,p <.001, multivariate n2 =
a connection with real life phenomenon'#? Subject areas of particular difficulty for students include .33). Post Hoc analyses (one-way ANOVA) with a Bonferroni correction were conducted to identify differ-
protein conformation and stability *, diffusion and random molecular motion °,and molecular ences between treatment groups at each time point (Table 1 and Figure 4).
crowding °
Post-test Delayed Post-test
Group (I) Group (J) Mean (I-J) Std.Error Sig. Group (I) Group (J) Mean (I-J) Std.Error Sig.
1 2 -.88 479 405 1 2 -1.10 A87 154

3 -1.66 471 .004 3 -1.39 479 025
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Table 1. Post hoc comparisons of Post-test and Delayed Post-test results

In this study we examined the relative effectiveness of 3D visualization techniques for learning Mean test scores by group assignment
about molecular biology, specifically protein conformation and molecular motion in association
with a cell-binding event.Increasingly complex versions of the same receptor-ligand binding event 6 Group Assignment:
were depicted in each of 4 animated treatments (Figure 1).We were interested in understanding igmg;
how different visual variables map to the students’ performance on test questions that ranged from T Group 3
more straightforward fact-based to more abstract intuitions of protein behavior at the molecular ° I Group 4
scale. &
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Figure 1. Stem cell factor (SCF) ligand and cKit receptor tyrosine kinase were used as a classical example of a ligand-induced receptor p)

dimerization and activation event.

Students (N=131;Age = 18-24; 19 Year |,52 Year I, 33 Year lll, 27 Year IV) were recruited from the un-
dergraduate Biology program at University of Toronto Mississauga. Each of three test instruments
(Pre-test, Post-test, and Delayed Post-test) used in this study, included 10 short answer questions.
Each test included questions to measure both students’ surface level understanding and their deep Pretest Posttest Delayed Posttest
level understanding. Figure 4. Plot showing group mean test scores at 3 time intervals

@ Treatment 1:

(T) Analysis of verbal reports and eye tracking data suggest that students are able to attend to the same narra-
tive elements regardless of the level of complexity depicted in each animation. Analysis of verbal protocol
¢ Treatment 2: data revealed a positive correlation (r = .98, p < .05) between the number of explanatory statements ex-
™ pressed by participants and the complexity of the animation viewed. As well, prior knowledge was positively
Pre-test Post-test s 2 whs Jm= Delayed Post-test correlated (r=.81, p < .05) with the number of explanatory statements contained in each protocol.
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Figure 2. Experimental protocol for assessing the impact additive layering of visual variables upon students’ understanding E 30- _,_9 200+
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A second experiment (N=8) was conducted to characterize the learning that occurred with respect to p
each of the 4 versions of the animation viewed. In this scenario, students @ verbalized their thoughts 10- g 100~
while watching each of the animations (either in order, or reverse order). Concurrently, their @ eye
movements were recorded.Verbal protocols were analyzed for understanding (statements were 0 . . . . 50 1
coded as descriptive and explanatory).In order to assess visual attention, corresponding dynamic Version1 Version2 Version3 Version4 Low High
: . L . : Version of Animation Prior knowledge
areas Of Interest (AOIS) were eStabIlShed Wlthln eaCh Of the fOur animations and data Was CO”eCted Figure 5. Total frequency of descriptive and explanatory statements Figure 5. Mean number of fixations among participants with low and high

prior knowledge

on the number of fixations within each AOI. Data collected throughout this experiment (test re-
sponses, verbal reports, and eye tracking videos) were analyzed comparatively; this served to triangu-
late the data and to help enhance the credibility of the findings and assertions made.
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(M Areas of Interest

suggest that students have difficulty understanding and associating randomness with molecular events.
The verbal reports contained several instances of students’ attaching agency to protein and ligand, anthro-
pomorphizing their movements and subsequent binding. Additional attention must be given to exploring
techniques that can satisfactorily balance the random nature of molecular events with narrative explana-
tions of these processes.

@ Stem cell factor
@ KIT-L ectodomain
@ KIT-R ectodomain Our data show that with increasing levels of visual complexity students’ overall performance improved sig-
nificantly. Participants responses to basic questions were comparable at Post-test and significantly higher in
O KIT-Lendodomain Groups 3 and 4 on Delayed Post-test. Students assigned to Groups 3 and 4 scored significantly higher on ad-
@ KIT-Rendodomain vanced questions in the Post-test but not on the Delayed Post-test. In other words, the learning effects of
@7 o @ l O Cellmembrane the more complex visualizations were lasting, but only with regard to the more basic concepts. Results also

Figure 3. Areas of Interest identified for the assessment of visual attention

REFERENCES

1. Howitt, S.et al. A Concept Inventory for Molecular Life Sciences: How Will It Help Your Teaching Practice? Australian Biochemist 39, 1-4(2008). h . h f . h f o o
2. Momsen, J.L.et al.Just the Facts ? Introductory Undergraduate Biology Courses Focus on Low-Level Cognitive Skills. Life Sciences Education 9,435(2010). T I S re S ea rc Wa S u n d ed I n pa rt by a G O rd O n Re Sea rc CO n e re n Ce VI S I O n a ry G ra nt
3. Tanner, K.& Allen, D. Approaches to biology teaching and learning: understanding the wrong answers--teaching toward conceptual change. Cell biology education 4, 112-7(2005).
4. Robic, S.Ten Common Misconceptions about Protein Structure , Folding , and Stability. CBE-Life Sciences Education 9,189 -195(2010).

5. Garvin-Doxas, K. & Klymkowsky, M.W. Understanding randomness and its impact on student learning:lessons learned from building the Biology Concept Inventory (BCl). CBE life sciences education 7,227-33(2008).

6. Ellis, R.J.Macromolecular crowding: obvious but underappreciated.Trends in biochemical sciences 26,597-604(2001).



