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Concept-Building Approaches: How do Students’ Approaches
Affect their Performances in Chemistry Courses?
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Instructors’ Observations

Some students do well answering questions (on exams) that are

similar to examples (problems) presented in class or on
homework,

but cannot apply or generalize to a new context (problem)
presented on other exam questions
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Two Prominent Approaches to Concept Learning in Cognitive Psychology

* Abstraction approach—Ilearn basic principles or critical features for a
given concept and use these ideas to solve new problems.
(Theory, conceptual learners)

 Exemplar approach—Ilearn particular “training” examples and then
use these examples to solve new problems
(Algorithmic, rote learners)

* Tool to distinguish abstraction from exemplar learners

— A domain-independent, concept-building task was developed by McDaniel
(cognitive psychology researcher).

References
(abstraction): Nosofsky, R. M., Palmeri, T. J., & McKinley, S. C. (1994). Psychological review, 101(1), 53.
(exemplar): Kruschke, J. K. (1992). Psychological review, 99(1), 22.

Reference: McDaniel, M. A., Cahill, M. J., Robbins, M., & Wiener, C. (2014). Journal of Experimental Psychology:

General,143(2), 668.
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Influence of Lab-based Concept-Building
Approach in Real-World Classrooms

* Does this lab-based classification relate to the classroom
observation that some students are able to successfully transfer

and others are not?

* We have examined the association between lab-based concept-
building approach and chemistry-classroom performance

— where the emphasis is on understanding concepts, in addition to
straightforward problem solving
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What does this Concept-building Task look
like?
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ldentifying Abstraction and Exemplar learners using
McDaniel’s Concept-building Task

Cover Story

You have just been hired by NASA. Two completely new elements and one
unknown organism have been found on Mars...

The organism absorbs an element ZEBON and releases an element BEROS.

Your job is to determine how the absorption of Zebon and the release of Beros
are related.

... It is important to pay attention to the feedback to learn the amount of Beros
produced by various amounts of Zebon.
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Training Trial Example
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Training Trial Example
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Training Trial Example
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The Process for the Concept-building Task

e Participants train on a series of 20 training points (10 Blocks of
Training)

* After training, participants are given a surprise test containing novel
points

* The points are governed by a bi-linear (‘V’-shaped) function, but
participants are not explicitly told this at any time — nor do they see

a graph of their points or are told not to write anything down
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Cognitive-Science Representations of Training Points

Abstraction Approach Exemplar Approach
Pair 1
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Cog-Sci Lab Experiment Results: Average Extrapolation profiles
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The two concept-building approaches had similar training
profiles but vastly different extrapolation profiles
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Our Studies: What are the effects of Concept-building approaches of
students in Chemistry Courses (and biology)

* In all of these studies, students performed the task online outside of class
time, unlike the lab experiments

* First study included students in General Chemistry | (fall), General
Chemistry 2 (spring), and Organic Chemistry 2 (spring)

e Study expanded to introductory biology

* |sthe performance different across type of Question (i.e., retention
versus transfer)

 What are students doing when they solve problems (think-aloud
interviews)

 How does student CB approach relate to their approach to learning self-
report surveys
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Effect of Concept-building approach on Chemistry
oerformances

e 2 Studiesin chemistry

— Compared student performances in General Chemistry | and Il for 3 years
(2012-2014 academic years); Organic Chemistry for 2 years (spring 2014,
spring 2015) —i.e., different samples of students

— Followed a student cohort from General Chemistry | through Organic
Chemistry 2 and compared performance in all three courses; i.e., same
sample of students

 Examined the relationship for 10 chemistry classes with multiple instructors
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Concept-building Approach of Students in Different Chemistry
Courses after ACT Math/Composite
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Concept-building Approach of a Cohort followed in Different
Chemistry Courses after ACT
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Is there a Performance Difference across Question Type

* Retention - Questions very similar to those presented in lecture, homework, or
practice problems (e.g., plug in with a common equation, providing definition,
completing diagram)

* Transfer- Questions that require novel analysis/application of previously exposed
information or a novel integration across previously isolated
concepts/information
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Performance on Different Question Types on
Introductory Biology 1 Exams with ACT
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Think-aloud Problem Solving Interviews In Gen Chem

TABLE 1. The prompt and structures used in the problems for the
think-aloud interviews

Directions: Draw the most preferred Lewis structure that obeys the

Abstraction Learners

Problem-Solving Approaches across Levels of Transfer

Exemplar Learners

Dominant Approach

. Memory

. Reasoning
Algorithm without
Understanding

Algorithm with
Understanding

octet rule for the molecule given below (connectivity for each is Student A1 Student E1
shown). If there are equivalent resonance structures, please draw
all of them. Show all lone pairs and all non-zero formal charges for . — . — . - — - = .
non-hydrogen atoms. Please circle all structures to be graded.
Student A2 Student E2
Retention Near-transfer Far-transfer . - . - . . e . -~ .
CO,; connectivity CIONO, C.ON_H, (Note: Number of
is [0—-C—-0] o valence electrons = 40) Student A3 Student E3
ol E-E-H | B-EH-H
‘ H—C\ /D\\ Student A4 Student E4
0
O d Bl N Bl Bd
N—-~N—=C [|: Student A5 Student E5
y d Bl N Bl B4
Retention: same molecule was solved in class Siiidesil A8

Near-Transfer: similar to molecules solved in class and could

H-E- B

be solved using the same method

Far-Transfer: involves previously exposed concepts but cannot
be solved using methods similar to those used to solve prior

homework problems
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Ref: Frey, R. F., McDaniel, M. A., Bunce, D. M., Cahill, M. J., & Perry, M. D. (2020). Using
students’ concept-building tendencies to better characterize average-performing
student learning and problem-solving approaches in general chemistry. CBE—Life

Sciences Education, 19(3), ar42.
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Questions about differences seen in these Courses

* Are Exemplar Learners less-able students?

— Little difference according to standard prep scores: ACT Math and ACT
Composite differences range from 0.38 — 0.87 (mean is 0.60)

— In introductory biology course, no significant difference on ACT and RAPM
(Raven's Advanced Progressive Matrices) is a nonverbal test used to measure
fluid intelligence

— Exemplar learners did not display lower general ability than abstraction
learners

* Are Exemplar Learners less-motivated students?

— Concept-building task is difficult to do to reach learning criterion and takes
approximately 45 minutes. No difference between abstraction and exemplar
learners in time or effort; performed similarly on training points

— Other students started and did not take the task seriously
— Still other students consented to participate, but did not even start the task.
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A Common Theory in Education
“Student Approaches to Learning”
Deep versus Surface Learning

Deep learning Surface learning
Takes a broad view Takes a narrow view
Looks for meaning Relies on rote learning
Focuses on the concepts and Focuses on the formula to solve
arguments to solve the problem the problem
Relates new knowledge to Focuses on learning unrelated bits
previously learnt knowledge of a task
Relates knowledge across mod- Information is memorized solely
ules/courses for assessment

. Theory is not reflected upon in
Relates theory to practice 24 P

real life
Evidence and argument between No cross referencing between
theories is developed theories

Ref: Walker, D. M. (2012). Classroom assessment techniques: An assessment and student evaluation method. Creative
Education, 3(6), 903-907.
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Student Approaches to Learning Surveys

*  M-ASSIST SAL Survey (discipline specific for Chemistry)
Likert scale 1 to 5, with 1=disagree, 2=disagree somewhat, 3=unsure, 4=agree somewhat, 5=agree
— Deep Scale Items

* When | read an article or book, | try to find out for myself exactly what the author means.
 When I’'m working on a new topic, | try to see in my own mind how all the ideas fit together.
* |deas in course books or articles often set me off on long chains of thought of my own.

» Before starting to work on an assignment or exam question, | think first how best to tackle it.
 When | read, | examine the details carefully to see how they fit in with what’s being said.

» Before tackling a problem or assignment, | first try to work out what lies behind it.

— Surface Scale Iltems

* Often | feel I'm drowning in the sheer amount of material we’re having to cope with.

* Much of what I’'m studying in this course makes little sense: it’s like unrelated bits and pieces.
* | often worry about whether I'll ever be able to cope with the work properly.

* | concentrate on learning just those bits of information | have to know to pass.

* I’'m not really sure what’s important in lectures so | try to get down all | can.

* | often have trouble in making sense of the things | have to remember.

Ref: Bunce, D. M., Komperda, R., Schroeder, M. J., Dillner, D. K., Lin, S., Teichert, M. A., & Hartman, J. R. (2017). Differential use of study approaches by students of different
achievement levels. Journal of Chemical Education, 94(10), 1415-1424.
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Comparison of Deep versus Surface Learning Approaches
and Concept-Building Approach
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Key ldeas

In extension of cognitive-science laboratory results, we can identify the
concept-building approach of students in the “classroom” (online)

Concept-building approach affects performance in chemistry and biology
courses even after correcting for ACT-Math or ACT-Composite

— CB captures a characteristic of student learning that is not captured by
preparation or prior performance

— Especially robust in Organic Chemistry; still significant after taking into
account prior gen-chem performance

No difference in performance in retention questions, but abstractors
outperform exemplars in transfer questions

Abstractors solve problems using algorithm with understanding or reasoning;
exemplars use memorization or algorithm without understanding

Students are not good judges of whether they are exemplar learners or
abstraction learners (Deep/Surface and Abstractor/Exemplar)



Implications for Teachers

 Exemplaris not inherently a bad trait
— Some skills need “eventually” to be rote — multiplication tables for more complex math

e Itis difficult for students to really know their approach to learning new ideas and solving
problems (possible issue with self-report surveys)

e Use approaches in class that visibly ask students while solving problems to give explanations,
connect to concepts, integrate different concepts

— Add written explanation prompts to problems
— Make them write the answer for “why” for key steps of their solution in a problem
— Use peer collaboration (like PLTL, POGIL, collaborative learning teams)
— Teach effective study strategies
— Teach metacognitive strategies
— Model “abstraction” thinking while solving problems in class
* Others??? Thoughts?
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