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• Why did you do that?
• Why not something else?
• When do you succeed?
• When do you fail?
• When can I trust you?
• How do I correct an error?

User with
a Task



Explaining Expert System Behaviors in 1970s
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“INTERACTIVE  EXPLANATION  CAPABILITIES: 
Another important component of the system permits the consultation 
program to explain its knowledge of infectious disease therapy and 
to justify specific therapeutic recommendations.”

MYCIN Project Proposal, Stanford University, October 1973



Sample Questions about a 
Consultation
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“Why Not” Questions in MYCIN (1976)
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MYCIN Consultation & Typical Rule
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Design of MYCIN’s Rule Set
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“Knowledge for indexing, 
justifying, and invoking 

a MYCIN rule.”

Explanation Framework 
for 
Rule-based Diagnostic 
Systems

STRATEGY

STRUCTURE

INFERENCE RULE

SUPPORT
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CONGENITAL    INFECTIOUS  NEOPLASTIC  TRAUMATIC  TOXIC

PROCESS

DURATION

LOCATION

AGENT

ANY DISORDER

BACTEREMIA    MENINGITIS     CYSTITIS     BRAIN-ABSCESS

ACUTE- MENINGITIS                         CHRONIC-MENINGITIS

BACTERIAL       VIRAL PARTIAL HX
BACTERIAL TB       FUNGAL

GRAM NEG    SKIN ORGS     (OTHER ORGS)         CRYPTOCOCCUS        COCCI.

GROUP & DIFFERENTIATE

EXPLORE & REFINE

INITIAL
FOCUS
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Heuristic Classification Pattern in MYCIN
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Heuristic Classification in SACON



CASTER Consultation
MYCIN à EMYCIN à SACON :: Neomycin à HERACLES à Caster
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Scientific approach: 
• Abstract all processes 
• Represent in general 

systems-modeling 
framework

• Create domain-general 
frameworks (consultation, 
tutoring, explanation) to 
manipulate situation-
specific models.



Caster’s Disorder Taxonomy of 
Sand-Casting Processes 
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Therapy Explanation in MYCIN
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Replacing original therapy rules by table-driven generate & test method 
made the therapy selection process formal & perspicuous, significantly 

improving maintainability, and provided a new capability for explanation and 
instruction.



“Why Not?” Therapy Explanation in 
MYCIN
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Critiquing Method for Explanation
(Developed for MYCIN/Guidon c. 1978)
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Critiquing Method (continued)
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Critiquing Method (continued)



Explanation Research was an Integral 
Part of AI Applications in 1970s & 1980s

Diagnosing

ExplainingInstructing

Assisting
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Mixed 
Initiative QA

NarrativeArgument

Causal 
Models

Disorder 
Taxonomy

Process 
Transition 
Diagrams

Person-
Machine 
Activities

System 
Models

Discourse



Common Interactive Systems Today 
Cannot Explain Behavior or Advice
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Why not Page Mill & 101?
What comes after 280?

How are these Netflix suggestions related to AlphaGo?
Show me the highest “match” ones first…
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Explainable AI Program

Learning
Process

Training
Data

Learned
Function

Output

Today

This is a cat
(p = .93)

• Why did you do that?
• Why not something else?
• When do you succeed?
• When do you fail?
• When can I trust you?
• How do I correct an error?

User with
a Task
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Training
Data

New
Learning
Process

Explainable 
Model

Explanation 
Interface

Tomorrow
• I understand why
• I understand why not
• I know when you’ll 

succeed
• I know when you’ll fail
• I know when to trust you
• I know why you erred

This is a cat:
• It has fur, whiskers, 
and claws. 
• It has this feature: 

User with
a Task
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http://explainthatstuff.com



Future Research for Technology 
People Understand & Trust

• Operations are dynamic and interactive in a system of people, 
technology, and the environment – not linear & placeless.

• Explanation involves discourse, follow-up and mutual learning; 
requires a “user model” of interests & knowledge.

• ”Explanation” is not a module – rather it drives the design process; 
needs are empirically discovered in prototype experiments.
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Shift to Systems Thinking: 
Work Practice Constrains Explanation Requirements

• Nature of the work system activity (e.g., 
diagnosing, predicting, controlling, 
configuring, planning)

• Operational setting (e.g., safety critical, 
extreme environment, business office)

• The role and capabilities of the worker
• Interactions with other tools and people in 

practice
• The dynamics of interactions during work 

activities (especially time available)

Work System Design Methodology:   Empirical requirements 
analysis, Participatory design, Participant observation, Incrementally 
prototyping useful tools, Experiments in authentic work contexts



Explanation Might Address 
Shortcomings of Symbolic AI

§ Identifying domain representations as “knowledge” 
obscured system-modeling methods & hence the 
domain-general scientific accomplishment
à abstract the modeling frameworks & operational tasks

§ Ongoing tuning and extension required “Knowledge 
Engineers” 
à e.g., need principles for appropriate/sufficient data sets

§ Brittle – boundaries not tested; system not reflective 
à recognize operating outside designed & tested situations

§ Not integrated with legacy systems & work practice 
à develop tools for work systems; iterative experiments with 
prototypes
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