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Is the integration of STEM and Liberal Arts possible, and how? 
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Yes, in three possible interconnected ways

Curriculum integration

Disciplinary Reasoning: Research 
and pedagogical application 

Sustainability and Ethics questions
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CURRICULUM INTEGRATION
MIT’s Undergraduate Communication Requirement



MIT Alumni Survey (2000)
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Skilled in the practice or implementation

Lead or innovate



The undergraduate curriculum did not 
prepare them for these critical skills
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Faculty-led communication requirement 
Since 2001, all MIT undergraduates are required to take

2 communication-intensive (CI) subjects in HASS
2 CI subjects in their major

All CI subjects must include:

• Multiple assignments totaling at least 5000 words

• At least one draft and revision sequence 

• Instruction in communication and feedback on assignments

• Communication > 25% of grade
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A cross-section of assignments within the 
Communication Requirement

CI-HW or CI-H

Cultural analysis of a 
holiday

Revision

Museum Exhibit 
Analysis

Ethnography of a city 
block

CI-H

Analysis of a theory

Historical Argument

Creative literary 
analysis

Revision

CI-M

Lab report

IMRAD article and 
abstract

Revision

Research 
Presentation

CI-M

Proposal 
Presentation

Progress 
Presentation

Design Presentation

Lab Notebook

Poster Presentation



Scaffolded Communication Instruction by 
WRAP faculty

CI-HW or CI-H

Cultural analysis of a 
holiday

Revision

Museum Exhibit 
Analysis

Ethnography of a city 
block

CI-H

Analysis of a theory

Historical Argument

Creative literary 
analysis

Revision

CI-M

Lab report

IMRAD article and 
abstract

Revision

Research 
Presentation

CI-M

Proposal 
Presentation

Progress 
Presentation

Design Presentation

Lab Notebook

Poster Presentation

Claims and evidence

Visual Rhetoric

Audience analysis



Students struggle to integrate multiple 
knowledge domains
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The challenge: connect content knowledge 
to other domains (the way experts do)

Rhetorical knowledge
• Audience
• Purpose
• Context

Genre knowledge
• Social action 
• Ways of thinking in recurring situations

Process (from source use to argumentation to revision)
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DISCIPLINARY 
REASONING DIAGRAMS
Can we develop a tool to capture the underlying, tacit 
disciplinary knowledge that students often lack?
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Our methodology
Coding of articles written by faculty in the field to identify 
rhetorical relationships and frameworks between concepts

Structured interviews with these faculty in the field to 
identify core disciplinary concepts and their relationship

Iterative design of reasoning diagram showing these 
relationships, with feedback from faculty
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Chart to explore levels of abstraction 
during the interview
• Simplified chart (handout: full chart + questions)
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Stasis theory identifies points of 
disagreement or uncertainty (open questions)

What 
should 
we do?

Policy

Why 
should we 

care?
How 

much 
does this 

matter?
How good 

or bad is 
it?

Evaluation

How did 
this 

happen? 
Why did 

this 
occur?

What will 
the 

effects 
be?

Causation

What kind 
of thing is 
this?
How 
should we 
use this 
term?

Definition

Who?
What?
When?
Where?
How 
Much?

Fact
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Materials Science 
and Engineering 
Reasoning Diagram
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Introductory-level Materials Laboratory
Experimental exploration of the connections between 
structure, properties, processing, and performance of 
materials. Hands-on experience with materials 
characterization techniques and instrumentation. Covers 
methodology of technical communication (written and 
oral) with a view to integrate experimental design, 
execution, and analysis.

17



Introduction Background Methods Results
G

en
er

al
 A

ud
ie

nc
e

Te
ch

ni
ca

l A
ud

ie
nc

e

18



Fact

Fact

Fact

Fact

Causation

Causation
Causation

Causation

Definition

Value

Value
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Truck axles steel

hardness
external

internal

gas-carburized case hardening

850-950 ºC

Carbon-iron ratio

Vickers test

Surface hardness 
increased from 
110 N/m2 to 
873 N/m2

Martensite-
body-centered 
tetragonal 
crystal structure

Metal alloys
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Students prepared for labs by following the 
logic of the reasoning diagram



Students were able to read and critically 
analyze literature in the field
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OK, but does it actually help students integrate the technical 
content with the other domains (including the rhetorical)?
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Pre-post results: Disciplinary communication
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Consistent self-reported Improvement in 
Writing Knowledge
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Pre 2014
Post 2014
Pre 2015
Post 2015

125%    231%        48%     42%          27%    24%         11%     8%            9%      7% Shift from
baseline
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Students report in focus groups that the 
reasoning diagram is very useful 

“It’s really clear.  You can devote a paragraph to each little bubble, or 
even just a sentence or phrase, depending on the scale you want.  
But it sorts things into bins, which is really nice if you have a lot of 
mush that isn’t in bins in your head.”

“I used [the reasoning diagram] for the group presentation—that was 
helpful.  I think it helped us outline the presentation, making sure we 
were including everything—that was good.  But now, it’s kind of like a
guideline that’s inserted at the back of my mind.” 

“[The reasoning diagram] was useful in my assignments to make sure 
the path I’m taking makes sense.”

“I would glance at it.  Like, “I don’t know what to write about next. I’m 
going to look at the diagram.”

25



Students read and critically analyze 
literature in the field more efficiently
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Question to exam
Positive correlation
(P-Value <0.01)

Question to course 
Positive correlation
(P-Value 0.0372)



Students can write in multiple genres on the 
same data/technical question 

Executive Summary

To advise the company on a 
plan of action regarding the 
recently discovered borax 
deposit in southern California, 
my team and I have been 
working with sodium borate 
glasses and alpha-brass to 
discern these materials’ 
properties. . . .The results we 
found are significant for helping 
the company maximize the 
durability of a new light bulb 
made of sodium borate glass 
and alpha-brass.

Technical Memo

Materials attribute many of their 
specific properties to their chemical 
makeup. Yet even if certain materials 
have the same chemical components, 
they may not have the same 
properties.  The purpose of this 
experiment was to determine the 
effects that defects and network 
modifiers had on the mechanical  
properties of alpha-brass and sodium 
borate glass.  The alpha-brass was 
chosen to be representative of a 
crystalline material, and the sodium 
borate glass was representative of 
an amorphous material.  
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Policy

Value

Cause/
effect

Definition



In peer review, students ask peers to 
connect concepts with reasoning (tool to 
structure, structure to property, etc.)

Abstract:
Argues for significance

Introduction:
Claims centrality

Introduction:
States value and purpose
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And make requests for links between 
concepts which integrate subject, genre, 
and rhetorical knowledge domains 

Abstract:
Shows a concern, debate,
or gap in knowledge

Conclusion: 
Summarizes and highlights

Conclusions:
Suggests future research
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COULD WE REPRODUCE 
THIS IN OTHER FIELDS?



Computer Systems
31



Brain and Cognitive Sciences
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Definition

Fact

Causation

Policy



Mathematics
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SUSTAINABILITY AND ETHICS 
QUESTIONS 

Does the future of Engineering include the Liberal Arts 
(beyond Communication)?
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Cobalt

Sourcing?



Systems Design Project
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Assignment 3: Research Paper
In your final essay, please choose a media phenomenon 
of interest to you and write a 8 page essay in which you 
present and examine an aspect of this phenomenon that 
speaks to the issues we have read about and/or discussed 
in class. Those issues include: the historical development 
of media, the characteristics and advantages of different 
media forms, media production and consumption, the role 
of the audience, the business of media, and media and 
identity (mainly, but not limited to, race, class, and gender).
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