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Thoughts on the Future: Emphasize
Big Ideas (Enduring Outcomes)

! How People Learn

! Streamlined Course Design

1 Alignment of Outcomes, Assessment and Instruction

! Interactive Learning




Learning Requires®

deliberate

distributed

practice

*Thanks to Ruth Streveler for these slides
Also see Brown, P.C., Henry L. Roediger Ill, H.L., & Mark A. McDaniel, M.A. (2014). Make It Stick:
The Science of Successful Learning. Belknap Press: An Imprint of Harvard University Press



Key Implications

Deliberate

Attention must be paid

Attention and processing power = cognitive load
(bandwidth)

* LIMITED — need to be careful how one uses the learner’s
bandwidth

* Link to Curricular Priorities
* Continuous partial attention

*Reflection is needed
* Need for feedback

* Link to assessment



Key Implications
Distributed

Repetition over time
Spaced vs. massed practice*

o Spiral curriculum

o

Multiple modes of input
° Visual

°  Audio

> Kinesthetic

o Self-explanation

> Explaining to others

*Kandel, E.B. 2007. In Search of Memory: The Emergence of a New Science of
Mind. New York: Norton.



Key Implications

Practice what you want to learn

Active (Attentive) — doing something

Constructive — adding to your prior
knowledge

Interactive — working with others to add to
your prior knowledge

Chi, M.T.H. 2009. Active-Constructive-Interactive: A Conceptual

Framework for Differentiating Learning Activities. Topics in Cognitive
Science 1, 73—-105.



The Engineering Design Process Vvs.
Streamlined Course Design Process

Engineering

Design

Determine
requirements/
specifications

Develop or use
established metrics
to measure against

outcomes

Plan and develop
process, system,
etc. to implement

results
Y y
( )
Determine
o acceptable
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\_ )
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Streamlined

Course Design
Process

( )

Identify the desired

Plan learning
experiences




Pedagogies of Engagement




* What is the future direction for the engineering
education sector?

* The first anticipated trend is a tilting of the
global axis of engineering education leadership.

* The second anticipated trend is a move towards
socially-relevant and outward-facing engineering
curricula.

* The third anticipated trend for the sector is
therefore the emergence of a new generation of
leaders in engineering education that delivers
integrated student-centered curricula at scale.

IV | School of Engineering

neet.mit.edu

“This is the future of the field, where you put the
student at the center and use the resources to facilitate
team projects and authentic experiences, and then put
the taught curriculum online.”

10
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Follow the Evidence

Discipline-based education research dispels myths about learing
and yields results - if only educators would use it.

ast year, the Mational Reasarch Coun-

cil released the report Discipline -Based
Education Reasarch: U i ol Fm-
proving Learning in Undergraduate Science
and Engineering. That consensus study, on
which we served as committes members,
‘brought together experts in physics, chem-
istry, biolody, the geosciences, astrononmy,
andengineering, agwell as higher edusation

First, many studentz have incorrect
understanding about fundamental con-
capta—part cularly phenomena thatare not
directly ohasrvable, such as theas imrolving
werylarge orsmallscales of time and space.
T ling how canhelpahi-
dents changethess misconceptions iz in the
early stages, but DEER has uncoversd some
effective instructional techniques. One

STUDENTS ARE

CHALLENGED By
KEY ASPECTS OF

ENGINEERING AnD

SCIENCE THAT CAN
SEEM EASY OR OBVIOUS

10 EXPERTS.

researchers, leamning scientists, and cogni-
tive scientists to focus on how students
learn in particular scientific and enginser-
ing disciplines. Our key conclusion: Find-
inge from the growing fleld of discipline-
‘based education research (DEER) have yat
to gpur widespread changes inthe teaching
of seience and engineering.

For example, research-bazed instruc-
tionsl approaches to teaching that active-
ly engage students in their own learning,
such az group projects, have beenshown to
‘bemore effective than traditional lectures.
Yet acience and engineering faculty still
cling to familiar practice. While thers’s
no magic solution for adopting evidence-
‘based teaching practices, inding out what
iz known about undergraduate learning in
engineering and science—and identifying
impediments to implementation in the
claseroom—can point the way

approach isto uss’

ogies” thatlink students correctknowledgs
with the situation sbout which they harbor
false beliefe. For instance, a student may
not believe that a tahls can exert a fores on
abook resting onits surface but aceepts the
notion if a spring is placed under the same
book Linking theas two ideas, with perhapa
an intermediate of a ook resting on a foam
hlock, canmove the student toward a correct
understanding of forces.

Students alzo are challenged by impor-
tantaspects of enginearing and science that
CAn ssem easy or obvious to experta. When
tackling a problem, for instancs, students
tend to focus on the superficial rather than
om ita deep structire. Instructors may have
an “expert blind spot” and not recognizs
how different the student’s approach is
from their own, which can impeds effec-
tive instruction. Several strategiss appear

to improve problem-gohving skills, such az
providing support and prompte—known ag
“praffolding™—as studsnts work their way
through problemes. Ancther common issue
for students inall disciplines is difficultyin
extracting information from graphs, medels,
andsimmlations. Using multiple repressnta-
tions in instruction is one way to move atu-
dents towarnd expertise.

The report recommends future DEER
regearch that explores similarities and
differences in learningamong various shi-
dent populations, and longimdinal studiss
thatshed additionallight on how students
acquire and retain an understanding {or
misundarstanding) of concapta. However,
we alzo nead strategies that translate the
findings of DEER and related research
into practice. That includes finding ways
arcund barriers, such as the faculty re-
ward aystem, the relative value placed on
teaching versus research, lack of support
for faculty learning to use research-based
practices, problems with student evalua-
tions, and workload concearns.

The report urges universities, disci-
plinary organizations, and professional
societies to support faculty efforts to use
evidence-baged teaching strategies in
their classrooms. It alao recommends col-
laboration to prepare future faculty mem-
‘s who understand reesarch findinge on
learning and teaching and whowvalue effec-
tive teaching as part oftheir career aspira-
tions By implementing theas recommen-
dations, engineeringand science educators
will make a major first step toward using
DEER to improve their practice—and
learning outcormes.
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