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Background and Motivation
General Chemistry I and II (CHEM 130 and CHEM 135) is a two-semester course primarily for first-year
students. I usually teach two large class sections each fall and spring semester (~ 300 – 600 students each
semester). More than 90% of students in my class are pursing pre-medical or pre-pharmacy degrees, or other
non-chemistry majors.
Most assessment tools in chemistry education are not able to differentiate between students’ conceptual
understanding, mathematical skills, and rote memorized “know-hows.” The questions in homework and exams
often assess all the perspectives mentioned above but only in a comprehensive manner. Instructors and, more
importantly, students cannot tell the causes of students’ challenges directly from the results of these assessments.
Consequentially, refining teaching and learning strategies becomes complicated and aimless.

Project
In this project we aimed to design a pool of concept inventories for General Chemistry. A concept inventory is a
criterion-referenced test designed to help determine whether a student has an accurate working knowledge of a
specific set of concepts. In 2020 and 2021, we focused on developing a robust concept inventory on Stoichiometry
and Limiting Reactant, an important yet challenging topic in the first-year chemistry curriculum.
Concept inventories are explicitly built to examine students’ conceptual understanding, as well as expose their
misconceptions. Therefore, by analyzing students’ performances in a concept inventory, both instructors and
students can identify misconceptions students have and further improve their learning. Moreover, with the
analysis of concept inventory, instructors can redesign teaching strategies, in-class activities, homework, and
exams that target specific misconceptions.

Methodology

Sankey Item Migration Diagram: Flow diagram in which width of connection is proportional to the number of
students, and the connection represents correlation of responses.
Item Characteristic Curves (ICCs): A plot of probability versus level of latent trait (limiting reactant
knowledge). May demonstrate strength/quality of question.
Cronbach’s α: Measure of internal consistency among item discrimination, where a value of 0.70 is considered
“acceptable.”
Mean inter-item correlation: Measure of internal consistency of items in the inventory (reliability).
Coding (qualitative analysis): Labeling and organizing the data from interview and survey (non-numerical and
unstructured data) to identify different themes and the relationships between them.

Discussions and Reflections

Reference Question

Probability

Invalid Differentiation

Reference Question

Probability

Low Differentiation

Reference Question

Probability

Atypical Differentiation

Sankey Item Migration Diagram

Reference Question

High Differentiation

Probability

Item Characteristic Curves

Ability

Compared to a standard reference question, the migration of correct and incorrect answers between items was
shown in Sankey diagrams. Concept inventory questions were divided into four categories based on their
respective Item Characteristic Curves (ICCs): high, low, atypical, and invalid differentiation. It was revealed that
four questions in the inventory had a high differentiation and thus will be kept for the finalized inventory set. Two
questions that have atypical differentiation will be investigated further. Other differentiation types of questions
will be revised or discarded.
Based on this preliminary concept inventory results, it was determined that students have trouble with discerning
between the molar ratio and given amounts of reactants. Additionally, students can mechanically follow generic
methods and memorize the “buzz words” from textbooks to arrive at numerical answers, but most of them have
difficulty adapting the generic solutions to new situations. Finally, there are indications of deep convolutions
between students’ algebraic skills and conceptual understanding. Looking forward, the concept inventory will be
revised, and new questions will be designed and added based on this feedback.
CTE Course Transformation Grant 2020

