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Collaborative Research: Integration of Conceptual Learning
throughout the Core Chemical Engineering Curriculum — Year 1

Overview and Objectives

We report on the progress of the first year of a CCLI Type 2 project. The goal of this project is to
create a community of learning within the discipline of chemical engineering (ChE) focused on
concept-based instruction. The project plan is to develop and promote the use of a cyber-enabled
infrastructure for conceptual questions, the AIChE Concept Warehouse, which ultimately could
be used throughout the core ChE curriculum (Material and Energy Balances, Thermodynamics,
Transport Phenomena, Kinetics and Reactor Design, and Materials Science). Conceptual
questions, both as Concept Inventories and ConcepTests, will be available through an interactive
website maintained through the Education Division of the American Institute of Chemical
Engineers (AIChE), the discipline’s major professional society. The overall objective is to lower
the activation barrier for using conceptual instruction and assessment so that many more
chemical engineering faculty will incorporate concept-based learning into their classes.

The specific objectives of this project are to:

1. Develop the AIChE Concept Warehouse, a flexible database-driven website for conceptual
questions in the core chemical engineering sciences. Features of the AIChE Concept
Warehouse include:

a. Making concept questions available in different formats to facilitate widespread use.

b. Allowing integration of questions within a course and from different courses so students
can link concepts to one another and form a more cohesive cognitive structure.

c. Populating the site with conceptual questions that are submitted and reviewed by faculty,
and are catalogued, rated and linked for ease of use.

2. Develop and deliver workshops that explain and promote conceptual learning in Chemical
Engineering.
a. Present workshops at the ASEE Chemical Engineering Faculty Summer School, the Fall
AIChE Annual Meeting, and the Summer ASEE Annual meeting.
b. Present workshops to faculty and future faculty through department site visits.
c. Assess the participant’s perception of the workshops and follow up with faculty to
determine the extent of curricular integration of concept questions.

Concept-based Learning tools

For approximately the last 20 years, the physics education research community has shown the
effectiveness of concept-based learning tools in promoting learning. Two seminal works are
particularly noteworthy. First, the Force Concept Inventory (FCI) provided an instrument to
measure students’ fundamental conceptual understanding of Newtonian mechanics.!? The
questions were designed to test a student’s ability to apply the findamental laws and principles
in a way that does not require computation. Second, Eric Mazur published his book Peer
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Instruction, which describes the use of ConcepTests to engage students in conceptual learning
during lecture.® This structured questioning process actively involves all students in the class.
Peer instruction encourages students to reflect on the problem, think through the arguments being
developed, and put them into their own words. Just as important, it provides both student and
instructor with feedback regarding student understanding of the concept.

Concept Inventories have emerged in many science and engineering fields.**® Similarly
numerous studies in physics, chemistry, and biology classrooms have shown that active learning
pedagogies that are based on concept questions (ConcepTests) are more effective for student
learning than traditional lecture.X”"?" This project intends to encourage and shift the focus of
learning in chemical engineering classes by providing a resource of high quality ConcepTests
and Concept Inventories for instructors to use.

Project Status

This poster will present the development status of the interactive AIChE Concept Warehouse
software. The software structure is based on a synergy between a web-based user interface
(programmed using PHP 5.3) and a commercial database (MySQL 5.1). Currently, the AIChE
Concept Warehouse has 1,078 concept questions available for searching, viewing, and using in
courses through the user interfaces. The student and instructor interfaces are available at
http://cw.edudiv.org for the community, and university faculty can obtain an account through
this site. In order to maximize compatibility with the current practices of potential adopters, we
are designing the instructor interface to be familiar and user-friendly. The software allows
interactive electronic use, as well as PowerPoint, Word, and pdf formats to be automatically
generated so that conceptual learning and evaluation can be incorporated into instruction in
various forms: in-class ConcepTests with student response (clickers, laptops, cell phones),
concept inventories to evaluate student learning (or student preparation for a course), exam and
homework problems.

A five-step design process is used to develop functions in the user interfaces. The steps include:
(i) Developing a function list to be incorporated into the page; (if) Creating a storyboard of a
page that includes the listed section functions; (iii) Implementing the storyboard concept in a live
webpage; (iv) Design team testing of live webpages and modification to enhance functionality
and usability; and (v) External testing of live webpages and modification to enhance
functionality and usability. More detail is provided elsewhere (ref)

Involvement of chemical engineering educators is crucial for the success of the AIChE Concept
Warehouse. In order to foster community engagement, two types of activities have either started
or are planned for the future. Special sessions and workshops have been presented as the ASEE
Annual Conference and the AIChE Annual Meeting. Additionally, a 3-hour, two-part workshop
at the ASEE Chemical Engineering Faculty Summer School in July, 2012. The project team is
also available for independent department visits. If interested in hosting a department workshop,
please contact the corresponding author. In general, the activities are intended to help faculty
who are interested in incorporating educational methods and tools into their classrooms to
encourage students to think more deeply about concepts central to chemical engineering.

If you would like to use the AIChE Concept Warehouse, the address is http://cw.edudiv.org
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