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Strategies for Teaching Computation

SERC and MathWorks have distilled strategies and recommendations for
teaching computation contributed by participants in the Teaching
Computation workshops.

Teaching Computation in
the Sciences Using MATLAB®

Building Self-Efficacy
Instructors can build student self-efficacy by using
focused learning objectives, providing low-stakes

assignments, and illustrating the motivation behind
using MATLAB.

4\ MathWorks:

Teaching
Computation in the
Sciences

Building Self-Efficacy

Content on this page is di
workshop as well as The

from participant presentations, discussions, and breakout groups at the 2016 Teaching Computat
ve Domain in the Classroom from On the Cutting Edge.

Why Teach
Computation?
Skills and
Techniques

Self-efficacy is an individual's belief their own capacity to achieve a goal or cutcome.
Self-efficacious students have higher motivation, are more likely to challenge
themselves, and are more likely to achieve their goals. Conversely, students who have

Computational
Thinking

low self-efficacy are less motivated, less likely to rise ta challenges, and have low
aspirations, which can negatively impact their academic performance.

Data Analysis

Building students’ self-efficacy with computation can help them more deeply understand
the foundations of their scientific discipline and enhance their general STEM skills such
as testing hypotheses, evaluating assumptions, making predictions, breaking problems
into computable parts, understanding physical systems, developing models, processing
data, and making visualizations. These skills are transferable between courses and
disciplines and make students highly marketable for future STEM jobs. However, many

Modeling

Visualization

Teaching
Strategies

Building Self-
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Cooperative Learning

Group problem-solving, reciprocal teaching, and
discussion (when combined with intentionally
structured groups) can help to improve student

achievement, critical thinking, and self-efficacy.

4\ MathWorks-

Cooperative Learning

Content on this page is derived from participant presemations, discussions, and breakout group notes at the 2017 workshop as well as cooperative I
from Pedagogy in Action.

Why Teach
Computation?

Having students work cooperatively while learning about computation improves ?
academic achievement, information retention, eritical-thinking, enjoyment, teamwork, v -

and leadership skills. Cooperative work can also help students build self-efficacy. There
are many avenues for incorporating cooperative learning into courses on computation
and modeling. However, effective cooperative learning requires intentionality when
structuring teams and grouping students. Below are insights from faculty who have
taught courses on computation and modeling that incorporate cooperative learning.

Computational
Thinking

Data Analysis

Modeling

Visualization
Jump down to: Structuring Effective Teams | Resources

« Back to Teaching Computation In the Sciences

Building Self-
Efficacy

Teaching Computation in
the Sciences Using MATLAB®

Assessment

Combining automated assessment tools with
assessment strategies and effective pedagogy
can help instructors accurately and efficiently

4\ MathWorks:

Teaching Assessment

Computation in the
Sciences Content on this page is derived from participant presentations, discussions, and breakout groups at the 2015, 2016, and 2017 workshops, as well as assessment
resources from Pedagogy in Action.

Why Teach

Computation?
In order to develop student competency in computation and modeling, STEM faculty

need methods of assessment that accurately capture student understanding and growth
(learn more about assessment from Pedagogy in Action). Assessment of student

Computational y o - .
Thinking computation and modeling is a non-trivial task: the format and volume of material

associated with exercises can be unwieldy to create and evaluate. From a student's

Data Analysis X 3 . .
perspective, assessment-related anxiety common in many STEM fields is often

[
Modeling exacerbated by the real and perceived difficulty of computation and modeling.
Visualization Overcoming these barriers and producing effective assessments is crucial to -

Teaching successfully teaching computation and modeling to students.
Strategies

Building Self- There are a variety of ways in which faculty can approach assessing student
Efficacy computation and modeling. Instructors can consider the types of assessment they use -

summative or formative - and in which scenarios they are most useful. Faculty use a variety of strategies, such as scaffolding activities, to teach and

Teaching Computation in
the Sciences Using MATLAB®

Developing Skills Within a Degree

Curriculum
Structuring a curriculum to make connections
clear helps students transfer skills between

4\ MathWorks:

Teaching Developing Skills Within a Degree Curriculum

Computation in the

Sciences Content on this page is derived from participant presentations, discussions, and breakout groups at the 2016 and 2017 workshops, as well as resources from Building

Strong Departments.
Why Teach
Computation?

Skills and Strong curriculum design involves the development of program- or degree-level learning
ills ant

outcomes that are addressed across a sequence of courses. These learning outcomes

Techniques

are concepts, skills, strategies, or ways of thinking that students need to be successful in
their careers. When developing a curriculum or program with computation skills
integrated throughout, it is important to keep in mind that there needs to be a
consistency of tools across the courses, reinforcement throughout the curriculum, and

Computational
Thinking

Data Analysis

Modeling . . ) o . . n n
‘'ocus on computational skills that will improve job/graduate school readiness. Students
Visualization benefit from making connections between courses, but they do not commonly make C O u r S e S a n d b u I I d S e | f_ e ffl C acy [ ] P r O g ra I I l S C a n
these connections on their own. Structuring a curriculum to make the connections clear
Strategies and intentional helps the students transfer the skills between courses and build their []
Building Self- confidence. Below are models from departments that are implementing computation u S e t h e m at r I X a r O a C h t 0 We ave
Efficacy into their curriculum. p p
Cooperative
Learning Jump down to: Examples of Degree Curricula | Essays

Assessment

« Back to Teaching Computation In the Sciences

Computational Competencies

computational learning goals throughout a
curriculum.

Developing Skills
Within a Degree
Curriculum

What skills do you want students to have by the time they complete their degree? The challenge for every department or
program is to develop & collective vision for these goals and how to implement them. One strategy for weaving these
computational learning goals throughout a curriculum is by following the matrix approach to program design. The program
matrix provides a visual representation of in which courses, how often, and how in-depth the learning goals are addressed

Workshops and
Webinars

Resources

Teaching

in a curriculum.
Materials

Workshop participants identified the following examples of computational competencies that can be addressed using MATLAB:

Community

For Team

Involved

Teaching Computation in the Sciences Using MATLAB supports a growing
community of faculty in geoscience and other STEM fields interested in
improving computation in teaching with MATLAB.

Workshops:

3 day, peer-led events for educators:
e share best practices
e develop curricula
e contribute activites

Sessions include panels, presentations,
share fairs, and working groups.

Join the Teaching Computation Interest Group Join the
. . . . . community
Participate in the online discussion: ] 1]
e Ask a question about teaching computation
e Share your experiences teaching computation with MATLAB %

e Share your favorite add-ons or supporting resources serc.carleton.edu
/197277
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Presenters: Lisa Kempler, Charly Bank, Andy Fischer, Jackie Caplan-Aucrbach
Audience: Geosclence educalons
Date: Aprll 28, 2016
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IMitchell Awalt, *Lisa Kempler, and Carol Ormand
1Science Education Resource Center, Carleton College; ?‘MathWorks

Peer-developed resources for educators

Developed by educators who teach and use computation in their courses,
Teaching Computation in the Sciences Using MATLAB is a resource to
help educators incorporate computation and MATLAB into their
classrooms and engage with a community interested in improving the
teaching of computational and quantitative skills. The website includes
information, resources, and materials contributed through peer-led
workshops hosted by SERC and MathWorks.

Teaching Computation in

the Sciences Using MATLAB®
4\ MathWorks:

Teaching Computation in the Sciences

Content on these pages is derived from participant presentations, discussions, and breakout growps at the 20015, 2016, and 2

17 workshops.

‘Why Teach Computation?

Skills and Techniques Cormputation is the use of computers to perfarm calculations, model data, make predictions, and test
Computaticnal Thinking hypotheses. Computational skills are necessary to employ guantitative methods in complex scientific
Data Analysis contexts and with large data sets. With today's unprecedented data availability there are numerous new
seience and engineering opportunities if one has the necessary computational skills. Developing these

Modeling
| skills requires students to be comfortable with languages and tools such as MATLAE that enable them to
Yisualization
express and explore solutions to scientific prablems.
Teaching Strategies
Building Salf-Efficacy In arder to provide students with the computational skills they need to be successful, the teaching of

computation must change ta reflect the changing landscape of computation. Teaching Computation in the
Sgiences Using MATLAB provides resources 1o help educators incorporate computation into their

classrooms and engage with a community of educators interested in improving the teaching of these
Developing Skills Within & impartant skills,

Degree Curriculum
Why teach computation? § Explore the teaching materials »

Join us for the Teaching Computation In the Sclences Using MATLAE workshop, Octobar 14-16, 201 8. Application deadline: Friday, June 15.

Cooperative Leam ng

Assessment

‘Workshops and Webinars

Teaching Materials

Community
Approaches to Teaching Computation with MATLAB

MATLAB is useful tool for teaching computation because it allows for robust data analysis, data visualization and explaration, modeling, and warking with real data sets. If the use of
MATLAE is scaffolded in a eourse or curriculum, it is a tool that ean help students develop cermputational skills and build self-efficacy. When combined with collaborative learming
technigues and effective as 5, MATLAB can be an effective and powerful tool for teaching computation.

Far Team Members

Computational Skills and Techniques

Thinking

Within a Degrea
Curriculum

Teaching Collections and Materials

Explore teaching activities, essays, and course descriptions submitted by educators.

Activities Essays Courses
MATLAE based activities, laboratory exercises, Educator perspectives on how teaching with Course descriptions and syllabi for STEM courses on
prejects, and other assignments. MATLAB can enhance learning. (or that integrate) MATLAB.

i i i i i

Get Involved

In addition 1o hasting resources developed by educators for educators, Teaching Compiutation in the Sciences Using MATLAB is
a growing cormmunity of faculty in STEM fields interesting in improving computation in teaching. Get involved by participating in
evenlts or joining the community discussion.

Weorkshops and Wabinars »
Jain the Community »

Computation is the use of computers to perform calculations,
model data, make predictions, and test hypotheses.

Computational and quantitative skills are key tools of geoscientists and
other STEM professionals. Teaching computation can help students
reinforce and improve their quantitative skills and gain a deeper
understanding of scientific principles.

Building computational skills can help students develop:

e quantitative self-efficacy e data control
e problem-solving e science communication
e logic and reasoning e reproducible research practices

Why MATLAB?

Using MATLAB, students and educators can put the science at the forefront.
With a user-friendly interface, diverse functionality, and robust user
communty, MATLAB is ideally suited to scientific learning and discovery.

Teaching Activities

http://serc.carleton.edu/teaching_computation

Computational Skills and Techniques

Participants in the Teaching Computation in the Sciences Using MATLAB
workshops identified key computational competencies that can be
addressed using MATLAB:

Teaching Computation in

the Sciences Using MATLAB®
g 4\ MathWorks-

Computational Thinking

Ensure development of students’ computational
thinking skills through focused, scaffolded, and
contextualized assignments that allow them to

explore problems and tools.

Teaching
Computation in the
Sciences

Computational Thinking

Content on this page was originally created for On the Cutting Edge: Te
participant presentations, discussions, and breakout groups at the 2015 and 2.
Dakota.

ta, and Models and is expanded here. Other content is derived from
workshops and benefitted from the editing of Risa Madoff, University of North

Why Teach
Computation?

Skills and

Computational thinking is the thought processes associated with examining a problem
Techniques

and formulating a solution that can be solved by a person or machine. More and more,
scientists are turning to machines and programs to tackle complex problems and large

Computational

datasets, requiring strong computation and programming skills.

Data Analysis

Students who learn computational thinking and the skills to take advantage of programs
such as MATLAB can take control of their data, explore models, and output results with a
complete understanding of what happened. While most students do not become
programmers, it is important for them to understand how computation and modeling
contribute to scientific problem solving. With a little understanding and groundwork, a
non-programmer can know enough to ask probing questions about programming output.
Educators can ensure the development of these skills by exposing students to

Modeling

Visualization

Building Self-
Efficacy

Cooperative

Teaching Computation in
the Sciences Using MATLAB®

Data Analysis
Increase students’ comfort with data and data

analysis through diferent data types, research

4\ MathWorks:

Teaching
Computation in the
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Data Analysis

Content on this page is derived from participant presentations, discussions, and breakout groups at the 2016 Teaching Compe
workshop as well as Teaching with Data from Pedagogy in Action.

Why Teach
Computation?

Using data is an important part of any science course, and this is especially true in
SHliSend courses that teach i skills. d need to be familiar with s -
Techniques sencom . 1000 t s
data collection, processing, analysis, visualization, and interpretation. Teaching with data
Computational ) - o + Db L
Thinking in courses can help students develop these proficiencies. Teaching with data can also 500 B ’
improve student problem solving iti itative r ing skills,
Data Analysis > i P ) N i 8 4
of research ethics, and attitudes towards the sciences. When the types of data, research a
Modeling and student engagement styles used in the classroom are tied to specific = *
500
Visualization learning goals, students can better develop and identify the data analysis skills they
need. Students need to be able to visualize data, transform data to aid in visualization, 1000
and conduct analyses. Employers are looking for students that are able to think critically o0
5
Building Self- and solve problems, organize and evaluate information, and understand and manipulate 1500 -1000 -500 0 500 1000 1500 2000

Efficacy data. Instructors can increase student success and learning by giving students multiple

Cooperative varied opportunities to analyze data in courses that deal with computation.

Teaching Computation in
the Sciences Using MATLAB®

Modeling
Build students’ modeling skills by using real-life

Teaching Modeling

‘Computation in the

Sciences Content on this page is derived from participant presentations, discussions, and breakout groups at the 2016 Teaching Comput: M .
workshop.
Why Teach
Computation? o . .
SIS Modeling in courses that incorporate computation can help students better understand Extracellular Medium ’ ,
ills an . . " .
Techniques physical systems. Conceptualizing a model gives students the opportunity to define ? - ’ - -
< ‘ inputs/outputs, conservative quantities, discretization, and boundary and initial
omputational
Thmfw‘;g ! conditions. In addition, students evaluate assumptions and make predictions—— u I I V I .
Data Anal important skills transferable through STEM. Workshop participants identified a number c g,(t,V) gr
ata Analysis
v of strategies and approaches to help develop students' modeling skills. These strategies m== (‘()
include providing students with a strong conceptual foundation, scaffolding activities to IP
ease students in and give feedback, and developing clear learning objectives. E ‘|' E, -I-
Jump down to: Chall. and Soluti | Resources l
Intracellular Medium
Efficacy
Cooperative

Teaching Computation in
the Sciences Using MATLAB®

Visualization

Help students develop skills with creating and
interpreting visualizations through scaffolded
assignments that take advantage of MATLAB

tools and resources such as MATLAB Live

4\ MathWorks:

Visualization

Content on this page was originally created for On the Cutting Edge: Teaching w
participant presentations, discussions, and breakout groups at the 2015 Tea
University of Toronto.

Data, and Models and is expanded here. The content is derived from

lence with MATLAE workshop and benefitted from the editing of Charly Bank,

Why Teach
Computation?

Visualizations are used to represent and explain ideas and explore data. Using data
visualization is a core skill in the sciences, and there are multiple, important approaches
that are commonly used across the STEM fields. Within a particular course or activity the
focus may be on the data visualization and interpretation itself, or on learning and
practicing the computational skills needed to successfully and appropriately do data

Computational
Thinking

Data Analysis

Modeling visualization. The purpose and design of a course will dictate the balance of coding
versus data visualization and when is each emphasized.

Visualization

e L Editor, GUI's, and stand-alone runtime.

Efficacy « Back o Teaching Computation In the Sciences

Cooperative
Learning

Assessment
vecosngsis | Visualizing Data with MATLAB
Within a Degree
Curriculum MATLAB is a powerful tool for providing students capacity to visualize data from a wide variety of sources and

understanding complex systems and for representing complex data. Students can visualize and manipulate data to see

Workshops and how the data behave. Students can also visualize how to model ions and relati ips. In addition to

Webinars

the overarching benefits of MATLAB, MATLAB lends itself to this type of exploration and visualization through:

Resources
« flexible and customizable interfaces

Teaching
Materials « raster and vector data compatability

Community « map display capabilities

Teaching Collections and Materials

Activities, essays, and courses are contributed by workshop participants
and community members. All of the contributions make use of MATLAB
and cover a variety of STEM topics.

Teaching Computation in

the Sciences Using MATLAB®
9 4\ MathWorks-

Toaching Visualizing outcrop patterns from strike/dip data using

‘Computation in the
Science MATLAB
Charly Bank

University of Toronto,

This lab activity allows students in an introductory structural geology class to explore
strike-dip outcrop patterns on a map and in 3D. The topography is shown as a contour
Meodeling map; students decide on values for strike and a dip and select a point on the map
Visualization where these would be measured. The app then shows the outcrop pattern of that plane

Teaching on the map as well as a rotatable surface plot with both the topography and the plane.
Strategies

Building Self-
Efficacy

Teaching Computation in
the Sciences Using MATLAB®

Skills and
Techniques

4\ MathWorks:

Computational
Thinking

Teaching Activities

Activities that use MATLAB from a variety of STEM courses. Activities are drawn from MATLAB participant submissions as well as other SERC

Data Analysis

Why Teach teaching collections.

Computation?
. «Back to Teaching Computation In the Sciences

search

Computational
Thinking

Data Analysis

Modeing s from strike/dip data using MATLAB pertof Teoching with MATLAB 2015 Teac

Visualization Cooperative

. Click to watch Charly Bank discuss his activity or
Learning

watch the full webinar.

se enable JavaScript, and consider upgrading to a web browser that supports
HTMLS video Click to watch Charly Bank discuss his activity or watch the full webinar.This lab

Building Self-
Efficacy

activity allows ...

Developing Skills

winnaveeee | LEArning Goals

Curriculum

Cooperative
Learning

Assessment Students struggle to visualize strike/dip relationships from map outcrops. This activity helps them because they can make a prediction and check

Developing Skills Events
Within a Degree

Curriculum

Introduction to Matlab: A first glimpse at new data. The purpose of this exercise is to familiarize students with basic Matlab functions and that, as well as compare the map pattern to a 3D rendering of the same relationship. The activity, preferably done in addition to traditional pen-and-

paper exercises, will assist students as they develop their map reading skills.

techniques so they can load and plot data. With this lab exercise, ...

Workshops and
Webinars

Workshops and
Webinars

Matlab
Waorkshop 2018

Context for Use

This activity is done in an introductory course "Geologic structures and maps" attended by ~90 students split into 3 lab sections. Students may use it

“This problem set provides the students the chance to cement their understanding of scalar diffusion in a quiescent flid. By plotting solutions to
the diffusion of an initial mass concentrated at a single point ...

Resources

Teaching
Materials

Matlab
Waorkshop 2017

LRC Circuit Calculation part of Matiab Workshop 201 7Activie to check their answer to a lab question which requires them to determine strike and dip of the plane layers on a given geologic practise map; indeed,

corooby of sh fity follo 2e oooblo 4 C Do onns Cooloo c

Coming soon: activity peer review Learn more:
Activities will be reviewed by a panel of community [=] &} [a]
members. Well-reviewed submissions will be highlighted in

the activities collection and in a separate collection of '
serc.carleton.edu

exemplary materials. Submit an activity by August 15! 1206208

Course Curricula

Teaching Computation in
the Sciences Using MATLAB®

4\ MathWorks-

Teaching Computation in Teaching Computaton n the An Introduction to MATLAB for Geoscientists

Sci
the sciences Using MATLAB® == David Heslop http://rses.anu.edu.au/people/david-heslop Australian National University

4\ MathWorks: Why Teach Comput

Skills and Techniquey

courses This is an intensive 3-day course with no pre-requisites. It provides an introduction to MATLAB through interactive examples and hands-on problem
A collection of courses that use MATLAB submitted by workshop participants. . solving. The course aims to provide students with a basic knowledge of MATLAB so that they can begin to use it in their own research projects.
MATLAB is intuitive for students wha don't have programming experience. Therefore students can benefit greatly by choosing to use MATLAB in their

S P —————
Computation? Shere a course own research.

$:2E"?::es search Refine the Results | Fching Strategies

Building Self-Efficacy

Computational Helo » 7
Thinking Results 1- 4 of 4 matches e Cooperative Learning Course Size: 15-30

seto ot N Course Format: Integrated lecture and lab

ata Analysis ssessment

From zero to Matlab in six weeks - with Freshme Institution Type: University with graduate programs, including doctoral programs

g Developing Skills Within a

Visualization How to bring Freshmen up to speed in Matlab programming. A series of targeted and Degree Curriculum

exercises accompanying  irst one-semester course (a Freshman Seminar’)in the Geosciences as Events Course Context:
taught .. Workshops and Webinars The aim of this course is to provide postgraduate research students with an intensive introduction to MATLAB. This is an optional course for earth science postgraduates

Building Self- Grade Level: College Lower (13-14) o tnowledae of N
z and no prior knowledge of MATLAB or programming is assume:
Effcacy Matiab Workshop 2018 P o prog 9

Modeling

Cooperative
Learning Matlab Workshop 2017
An Introduction to MATLAB for Geoscientists

Course Content:

This course provides an introduction to MATLAB for geoscientists. It is based on interactive examples and hands-on problem solving. The main aim of the course is to

Assessment Matlab Webinar 2017

Developing Skl This is an intensive 3-day course with no pre-requisites. It provides an introduction to MATLAB through interactive examples and hands-on problem Matlab Workshop 2016
Within a Degree

Curriculum e oot Graduste/Professionl Matlab Webinar 2016

solving, The course aims o provide students with a basic knowledge show the utility of MATLAB and to demonstrate to students how it can increase their research productivity.

Matlab Workshop 2015 .
Workshops and p Course Goals:

Webinars Workshop Synthesis
o « Students should be able to import and export data to and from MATLAB

Workshop Outcomes

Teaching

ot « Students should be able to perform numerical tasks in MATLAB
aterials

The aim of this course s to provide an introduction to statistical and numerical techniques that are useful in the analysis and characterization of Overview
geological data. A focus is placed on conceptual understanding ..

Teaching Program « Students should be able to create their own MATLAB functions



