
Study the graph below that illustrates the chemical 

reaction A +B � C + D. Does this graph represent an 

exergonic or endergonic reaction? 

A.Endergonic

B.Exergonic 

C.Either

How can you tell?
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Level
% 

(n=168)
Rubric Example

Correct 49
Totally correct 

explanation

energy is released as the 

reaction proceeds, with the 

products having less 

energy than the reactants

Incorrect 51

incorrect  or 

incomplete 

explanation

The energy is transferred 

from the reactants to the 

products

IBM SPSS Text Analytics for Surveys software showing the terms extracted 

(colored words), categories (upper left panel), student responses (right panel).  

Each response is placed into one or more categories (rightmost column).  A total of 

15 lexical categories were created.
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• Thermodynamics concepts are foundational to the STEM 

fields, but challenging to students(Streveler et al. 2011)

• Constructed Response  (written) assessments can 

provide insight into student ideas (Birenbaum and 

Tatsuoka, 1993)

• We use a  linguistic feature-based  approach for 

automated analysis of student writing

• We evaluate introductory biology students’

understanding of thermodynamic at Bloom’s 

comprehension and application levels

Question 1 Key: Node size  is relative to percent of total responses in that category

Solid:  Share 75 – 100 % of responses

Dashed:                    Share 50 - 74% of responses

Dotted:  Share 25 – 49% of responses

Correct Incorrect

A carbohydrate is composed of a string of covalently linked 

monosaccharides. Breaking those bonds between the 

monosaccharides is a chemically spontaneous reaction (∆G for 

this reaction is -3.7 kcal/mol). However, this reaction occurs 

very slowly at room temperature. Why do you think this is so?

Two expert interrater reliability=0.88 intraclass correlation

Category Standardized Coefficient

Delta G 0.525

Energy of the products 0.502

Products 0.492

Lower 0.469

Reactants 0.360

Introduction

Question 1 :Comprehension

Question 1: Text Analysis Extraction and Category 

Building

Question 1: Correct responses have more correct 

ideas which are more connected

Question 2: Application

Question 2:  Web diagrams show 

relationship  among common ideas 

(categories) in each cluster

Discriminant Analysis Results: Categories predictive 

of expert scoring

Question 1 :Human Scoring Rubric

Cluster 

#1

• 72% were assigned to cluster 1 with no apparent pattern 

Cluster 

#2

• 18% expressed ideas about bond stability and the need for 

higher temperatures to increase the reaction rate

Cluster 

#3

• 10% described that a catalyst would help increase the rate

• students referenced biological knowledge ( a “surface”

feature) rather than thermodynamic knowledge in addressing 

thermodynamics concepts (“deep” feature”) (Chi et al 1981)

• Categories were extracted using text analysis

• K-means Cluster Analysis groups responses with similar 

characteristics from text analysis categories
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84.6%

Computer models correct predict 70% of expert scoring

Explanations from  correct MC 

responses were scored by 

experts and  used for text 

analysis


