: An Online Formative Assessment Tool for Automatically
=VO rad cr. Analyzing Students’ Ideas in Written Evolutionary Explanations

Center for
Science®
Mathematics
Education

Ganesa Thandavam Ponnurajt, Minsu Ha?, Ross H. Nehm? (PI)

IDepartment of Computer Science, SUNY Stony Brook
’Center for Science and Mathematics Education, SUNY Stony Brook

Asessing evolutionary explanations What is EvoGrader? Evidence for the Efficacy of EvoGrader

Although evolution and natural selection are core J EvoGrader Is a free, online assessment tool for analyzing (grading) students’  Human-EvoGrader correspondence (2000 responses)
iIdeas In the biological sciences (Vision and Change), Kappa Agreement percentage

undergraduate students have great difficulty written explanations of evolutionary change. S ———

understanding the causes of evolution and J EvoGrader uses machine-learning methods to analyze student responses. A corpus Heritabillty —

. . .. . _ _ Competition __
conslructing explanations free of nalve ideas or of more than 10,000 human-graded written responses to many different types of Limited resources ——

misconceptions. EvoGrader is an assessment tool for _ _ Differential survival ——
grading written (typed) evolutionary explanations. guestions was used to build the models that score student responses. Non-adaptive idea ——

Need/Goal |

. . Use/Disuse I
J Evolutionary ideas that EvoGrader can detect: AdapyAcdlimation  E— *
0.0 0.2 0.4 0.6 0.8 0 (l)

* Normative scientific ideas: Variation, Heritability, Overview of EvoGrader (http://www.evograder.org) How to use EvoGrader
Competition, Limited resources, Differential

survival/reproduction, and Non-adaptive idea — - Correlation:

. . . . . : ile ome | Inse - ata evie ! l
Non-normative naive ideas: Need/goal, Use/disuse, and cwaeer | o e H It's easy to use EvoGrader! All you need
Adapt/acclimation ¢ Gromarna| B L U5 04 to do Is upload an Excel file (.csv

J Evolutionary reasoning patterns that EvoGrader +/EvoGrader C Flseen format) with students' written B Human grader [l ACS models
Can deteCt. . - e :|151?5?4303 20 M I:::;J;he:t::;fmi:::;J;he:t:;;fmi reSpOnseS, and EVOGrader analyzes
_ I _ . 1525475557 You woukin biologyn e Agoe 1 1 ' - Variation
Normative scientific model (Explanation composed Casscosfeate i vare o oo rlenst the responses for a variety of concepts

exclusively of scientific ideas) i T " @ Workspace both scientific and naive--and provides

Mixed model (Explanation composed of a mixture of non- e s @ 0 AN data about how the students are

. " . .o -y EE BB researc hers, assessmen t experts SteP 1: UrLoaD STEP 2: ANALYZE STEP 32 INTERPRET Upload - CDm petitiﬂn
normative naive and scientific ideas Workspacs performing.

Non-normative naive model (Explanation composed Lo g e e s [ttt s - The first cell of the first column must Limited resources

Upload

exclusively of non-normative naive ideas) Werkspaes contain the heading SID; you can add

Allow Evograder to retain file for further research

Instructions [Choose File | ea_testcsv students’ identification in the first Differential survival

Click Here to Download a Sample CSV Input File Lipoad

1. 00

Scientific ideas (r = 0.96, p < 0.0001)
Naive idea (r = 0.90, p < 0.0001)

Human grader

Heritability

| Choose File | Mo file chosen

EvoGrader

_ oo column. o adaptive ides
Overview of the web-based system —— 0 The first cell of the second column must

Workspace Need/GDal

q A Al tarf S - é I — contain the heading ‘ltem’ underscore
SpeCI a p u rpose In er ace The Mehm Lab f Vnader File has been analyzed successfully 4 1 )

|tem deSign Tool Engineers . ‘1-_ ¥4

Feedback Box

Use/Disuse

was built using the LightSIDE SRS S—— O The item order should always begin
Sy o owseem : -
p rog ram y Contributors Supported By Copyrights Disclaimer Wlth 1 an d eXte n d u p to 8 ) 8 IS

J New models were built to Cocehas I -fioiristci it maximum number of item that the

-0909999 and TUES-1322872 ions expressed in this Workspace
(Ross Mehm, Principal Investigator) publication are those of the authors and

detect evolutionary concepts Expert Scoring S e Gttt stz e system can process in a single analysis.

- An online p_Iatform was Machine Extraction J How well does EvoGrader work with non-ACORNS items?
developed in J2EE

) _ — . (285 responses) Kappa Agreement percentage
[ The site is hosted by Amazon Suilding model tem 1 coneep! Concepts Chart Variation

. . EvoGrader Results
Elastic Cloud (reliable New Responses 1) Bubble chart for . Heritability
response time for concurrent concept co-occurrence oo P Competition

Predicting key concepts M tem

. B tem 2 Limited resources
que”eS) and misconceptions 2) Bar gfaph for concept : 60 I e Differential survival
|

Adapt/Acclimation

”T|I““l

o

01 0.2 03 04 05

Heritability

 Designed in an Easy-To-Use S ep—— frequency | R— )
fashion 3) Table for concept II Need/Goal

Non-adaptive idea

frequency 7 20 Use/Disuse

) ) ) ) 4) Pie chart for reasoning .m — D B BEmE Adapt/Acclimation
P u b I I C at I O n S an d m O re I n fo r m atl O n models Variation Heritability Competition R:;;r;:?:es Dg’fergntilal MNonAdaptive Adapt Need Use |

5) EvoGrader scored file

. : . Scientific ideas (r = 0.94, p < 0.0001)
n excel . Key Concepts Naive |deas Correlation: _
REESE-0909999 (PI Nehm) % Evolut n . E— Naive idea (r = 0.88, p < 0.0001)

TUES-1322872 (Pl Nehm 1)) A
Nehm Iab:http://\fvww.nehr?nlab.org o d Non-ACORNS: Orchid-leaves (1112 responses)

nttp://evolutionassessment.org Rty — - e _ Kappa Agreement percentage

nttp://evograder.org --/EvoGrader | Model Charts ~ari T - T Variation
v / Normati e presence and causes of B 3 Copy ~ o . o % i ili

Related publications o R N e e " Formata U@ A "% | W8 Conational Format 7 Heritability

' C titi
Beggrow, E. P., Ha, M., Nehm, R. H.,Pearl, D., & Boone, W. J. (2014). Assessing ompetition
scientific practices using machine-learning methods: How closely do they match | e | e | = Pure scientific

Mixed model KC_Limit

clinical interview performance? Journal of Science Education and Technology, S e (C_Varia KC_Herit KC_Comp edResour KC_DIffs KC_Non Model T Differential survival

o T ] litem_1  tion ability  etition  ces urvival  daptive NI_Adapt NI_Need MI_Use KC_Score NI_Score ype
23(1)’ 160-182. Resources | SGal® i R ® Mone 15175743C Biologists 0 0 3

Opfer, J. E., Nehm, R. H., & Ha, M. (2012).Cognitive foundations for science e | o e 7.8E409 The ances

4.6E+09 One expls

assessment design: Knowing what students know about evolution. Journal of S T ' 6.1£+09 There may
Research in Science Teaching, 49(6), 744-777. e A AR 5251051 The fact

B.08E+09 A mutatio

Nehm, R. H., Ha, M., & Mayfield, E. (2012). Transforming biology assessment 3.59E+09 m;h"ethe

with machine learning: Automated scoring of written evolutionary explanations. e » « Pyramid 1.64£+09 Biologists
Journal of Science Education and Technology, 21(1), 183-196. 27E O The e
Ha, M., Nehm, R. H., Urban-Lurain, M. & Merrill, J. E. (2011). Applying 13 5.84E+09 Using a ph
computerized scoring models of written biological explanations across courses o o369 The ances
and colleges: Prospects and limitations. CBE-Life Science Education, 10, 379-

393.

o
o
o
N
o
I
o
o
o
00
=
o
o
N
o
I
o
o)
o
00
O

- 1 1 ||||| J

L M N Limited resources

Non-adaptive idea
Need/Goal _
Use/Disuse |

Adapt/Acclimation |

il

0.0 0.2 0.4 0.6 0.8 1.0

Scientific ideas (r = 0.90, p < 0.0001)
Naive idea (r = 0.85, p < 0.0001)

Lo T e R s S s O s I s R o R o Y = R = R = =
o
N
o
S
o
(@)
o
00
o

== =R = R i i i i i
=T == R o R o R e R =R =R = I =
=T i == R = R e R R e B e B o B o P o o [ =
=== R = R i
o QR e R o R o Y o Y e I e I e I e I = = [ = [ = [
o T e R o Y o Y o Y e I s I e I e I = [ = [ o [ =
o QR e R o R o Y o Y e I e I e I e I = = [ = [ = [
o QR e R o R o Y o Y e I e I e I e I = = [ = [ = [
[ S I e e S o B e Y S I R S O
o QR e R o R o Y o Y e I e I e I e I = = [ = [ = [
Ll e R LR R R i

Correlation:




