Level up: Capturing upper-division student understanding of natural selection
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Does assessment style matter?

o . . .
Natural selection is a principle mechanism of evolution 109 % Correct on CINS and ORI

« A compl nderstanding of natural selection includes five key concepts . ormalize
. C.O plete understanding of na . Y P 30 - 78.03 m Pre-test « Students score high on the CINS and very low on the Acceccrmont N Chan'ged -
Using these concepts of natural selection, the Concept Inventory of o 68.42 m Post-test OR cnanes
. 1 . 8 B . core
Natural Selection* (CINS) and Bishop & Anderson Open Response | = 60 . Students may be gaming the CINS J— 0.34 oAt
Instrument? (ORI) assess student knowledge related to natural selection 2 0 2y 63 2072 « Key words are recognizable to upper division ORI 0.00  0.39
 The CINS and ORI are documented as valid and reliable in introductory 20 - -L students ' '
courses; their utility in upper division courses Is unknown 0 - — -~ 4 Distractors do not activate alternative conceptions “Normalized change scores are
* For both the CINS and ORI, the normalized change statistically different (t=5.46, df=65,
c. . . ! : « Th ' ignificant t t test diff both CINS =0.000
What can upper-division biology instructors learn by using the (604,296, Ao75, r0.000) and ORI (1=3.527, di=75, p=0.001) ?‘;g% meéedggvs(r']%?satha” 0.40) o p=0.000)
" e . . ppear to capture upper-division
CINS and ORI? » In addition, students perform significantly higher on the pre and _ _
' post test CINS over the ORI (F=25.564, df=75, p=0.000) student learning of evolution

* Do the CINS and ORI capture change in upper division student

. .
understanding ot natural selection” How do students perform across questions within the ORI?

* On the ORI, do students perform similarly across questions?

: : : 1. Cheetahs are able to run faster than 60 miles per hour when chasing prey. How 2. Cave salamanders are blind (they have eyes which are nonfunctional). How would a
f?
* Do the ORI prompts evoke more or different alternative conceptions: would a biologist explain how the ability to run fast evolved in cheetahs, assuming biologist explain how blind cave salamanders evolved from sighted ancestors?
their ancestors could only run 20 miles per hour? (Trait gain) (Trait loss)
CINS Question: Atypical natural population of guppies
consists of hundreds of guppies. Which statement best Selection favored cheetahs that could run fast (V) and catch their prey to eat and survive (F), A population moved to a cave where sight (V) was not a selected trait. Salamanders with poorer
describes the guppies of a single species in an isolated therefore they became more abundant in the population (P). sight had more energy to find food, tr]:fey rgproduhced moreh(F). Salamanders with poor sight had
Key Concepts population? OTIspring with poor signt.
A. Thg gup!c()::es _Shallre all o;‘]thehsame characteristics Mean score across key concepts e Students perform diﬂerentia”y on the ORI
and are jgentical to each other. ~ Th — — :
i - . . - s The mean score of the cheetah prompt (M=35.79, SD=18.85) Is
Variation within a Population | B. The guppies share all of the essential characteristics v © | i il . _p pt ( - )
c . o . , higher than the salamander (M=25.66,SD=21.06) prompt
of the species; the minor variations they display don't Cheetah  56.00%* 9.21% 32.89% 50.66%* 30.26% . . . . .
( ) affect survival. 4 Students are more likely to discuss Inheritance and fitness on
Origin of Variation C. The guppies are all identical on the inside, but have Salamander 59.00%** 13.82% 13.82% 21.71% 20.39% the cheetah prompt than on the salamander prompt
& g many differences in appearance. Student scores on each key concept is dependent on the 4 For both prompts, students are unlikely to include origin of
i ) D. The guppies share many essential characteristics, prompt (X?=14.46, df=4, p=0.006) variation in their response (O)
. _ . P . . E et L | |
Inheritance but also vary in many features. p?ct)lrjr?petnts score significantly higher in V and F in the trait gain . The differences in student responses may be the result of orompt
) . **Students score significantly higher in V in the trait loss prompt structure: trait gain versus trait loss
Fitness ORI Student Response to Prompt: Since cave
- / salamanders lived in the dark for many years, a Do trait loss or trait gain evoke different alternative conceptions for students? Recommendations for
! ) mutation happened in one of the salamanders that made instructors
Change in a Population it lost its vision. Since it did not affect much because Alternative .
_ ) they live in a cave, this was passed to its offspring and Conception Explanation? Example from student response Students score high on the
with time it ended up increasing in the population. _ _ _ CINS pre-test, making it less
Pressure Compelling force causing change to oceur rat_her tha_n an environmental | As prey e\_/olved to become faster to outrun the predator, the predator :
factor that allows for differential survival in turn evolves to become faster to catch the prey useful than the ORI in an
Adjusting or acclimating oneself to new or circumstances, making oneself upper-division course
Adapt more fit; opposed to a heritab.le trait that i_ncr_egses survival and The salamanders use other senses that are better adapted to cave life The ORI allows students to
reproduction relative to other individuals
|n an u pper-level b|0 | Ogy course, StUdentS (n :76) com pleted the Need Need is the cause for evolutionary change The cheetah needed to run faster to catch its prey COnS.tI'!JCt a r_esponse, _
CI NS an d O RI Must Organism required to change in order to survive Must refers to desire for that to happen* prowdmg _a. rlcher reflectlon Of
] ] ] Use/Disuse If organism does not use trait it disappears Over time the cave salamander did not use its eyes so there was no UDDEF-dIVISIOn student
» Two sections of learner-centered evolutionary biology course (Fall 2012, ° benefit to having them understanding of natural
Spring 20 14) taught by the same inStrUCtOr Energy Organism chooses to allocate ener}gijty In other areas to make itself more | There was a tradeoff:)rbf;\:/vgzcvzilglgiEgasr;?a?grt%eerr,smore Important trait Selection
 Mean GPA = 3.26 = 0.56 (SD) o e We recommend instructors
: ; ; ; - Cheetah Sal d - Cheetah Sal d o
« Students were assessed online pre, post instruction using CINS and ORI st _neetan salamander - Cheetan  salamander e Prompt structure matters use both the cheetah and the
e All assessments were graded P 84% 15% P 97% 22% 4 The cheetah prompt (tralt gam) elicits salamander prompt to fU”y |
* CINS features 10 key concepts of natural A 21% 34% A 2% 16% pressure capture student understanding
selection, we focused on 5 (see above) N 13% 47% N 7% 34% 4 The salamander prompt (trait loss) elicits Further research should utilize
CINS ORI e CINS was not reliable Mt 0% 0% Mt 0% 0% need, use/disuse, and energy larger populations of upper-
C oy e U 0% 27% U 0% 34% o A : : - -
Assessment Style Multiple Short answer 4 Pre-test re“ablllty: 0.765 E 0% 31% E 0% 45% DlteSpItet_ InStrUCtlont-StUdent?hStl” thOtke tmany division bIOIOgy students to
. C oy e alternative conceptons on the post tes ' 1abil
- f choice A POSt'teSt rellablllty: 0.694 p p determlne CINS rellablllty
Number o : - !
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