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e The time is ripe for adoption of this
technology in the workplace

e Technology push: Advances in Machine
Learning (NLP)

e Societal push: Digital assistants are
ubiquitous in our daily lives

e Still some challenges, need to better
understand and improve human-VA
interaction in engineering context
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e Context: Early system architecture and concept studies

1.

Define a solution space (or design space) by means of a set of
decisions and allowed values

Define an objective space by means of a number of metrics
Compose models to map solution space to objective space
Use search/optimization to generate large dataset of alternatives

Use visual and data analytics to explore dataset and draw conclusions
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DSE is challenging
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Cost ($FY10M)
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Information overload, especially
when the solution and/or objective
spaces are high-dimensional

Information retrieval: Need
information from many different
sources (time-consuming)

Sense-making: How do we interpret
the results?

Garbage-in-garbage-out: All models
are wrong, and optimization tools
are good at exploiting unrealistic
model assumptions

Simultaneously doing model
validation and tradespace
exploration
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e Cognitive assistant: An Al agent that
augments human cognition for a specific task

e Usually has a Question Answering (QA)
system with a natural language interface

* 5 main components
—Front-end: GUI, robot

— QA system: ML for NLP (query intent
classification)

—Skills/roles: Specialized QA agents (e.g., weather)

— Back-ends: Functions needed to help skills answer
requests

—Data/knowledge sources: relational databases,
ontologies, knowledge graphs.

(C) Daniel Selva 2019
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DAPHNE ARCHITECTURE

Web Interface

Daphne Brain

HTTP/WS Requests WS Push
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VASSAR

iFEED MOEA

QueryBuilder

Expert Knowledge Base

Design Solutions Database

Historical Database
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Daphne-EO front end

%) Answers

Q Design Builder

a Orbits and Instruments
Information

s Available Commands

s Commands Information

Problem:

SMAP bt

Dataset:

test smap.csy W

Load
Save

Download

Run Background Search
Show New Architectures
Enable Diversifier
Enable Suggestions

Hi, antoni.

SSRR 2019

Daphne

what is the most common orbit for soil moisture at the surface?

Tradespace exploration | Number of designs: 543 | Number of targeted designs: 0

Mouse Selection

Zoom/Pan: ®
Drag-select O
Deselect: O

Cancel all selections
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e Conducted a Study at JPL with N=9 Results of HV Improvement (Within subjects)
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But they may decrease human learning m
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What is it that people are learning with
DSE tools?

* Sensitivities, couplings between
parameters, driving features, what-if
guestions

How do we actually measure human
learning in DSE?

* Tests
What types of questions?
* Bloom’s taxonomy

* Factual information
Bloom's Taxonomy

Produce new or original work
€ Design, assembie, constnuct, conjecture, develop, formulate, author, investigate

[ ) Sy n t h e S i S Justify a stand or decision

evaluate appraise, argue, defend,judge, select, support, value, critique, weigh

* Prediction

Draw connections among ideas
ifferentiate, organize, relate, compare, contrast. distinguish, examine,

di jate, organize,
analyze experiment, question, test

Use informationin new situations
execute, i solve, us interpret. operate,

apply

Explain ideas or concepts
classify, describe, discuss, explain, identity, locate, recognize,
report, select, translate

understand

l.! emember Recall facts and basicconcepts

define, duplicate, list, memorize, repeat, state

November 19, 2019 9



ENGINEERING

RESERRCH CENTER

cveseme  How can we foster human learning in CA? m

[ ) Ad d a TeaCh er ro I e th at : Teacher: | have found information about sensitive design decisions, would

you like to learn more?

1. Helps the user explore
underexplored areas of the
d esign/o bj ective S pa Ce Teacher: Ok, here is what | found on first order sensitivities For the

Science objective

2. Points out relevant information to
the USEI" (e-g., SenSItIVitiES) First Order Sensitivities - Science

3. Asks questions to the user (e.g.,
about driving features) focusing on i
areas where the user shows less o

0.6
understanding w4 v owE o8 os
© © © 0 © © © Q9 g ©
g &€ &8 &8 8 g8 g8 g 8 8
? ®» B S S 2 5 &5 2 &
T B B 8 8 2 8 4 2 7
Teacher B 6 ¢ S © B 8 S B o
£ 2 £ £ 8 F £ E £ 2
; sk 600D < . ; - o - : 0 ¢
Topic Objective Space w N 2 s 2 2 ¢ g 3 % % z 2
n I% 0 |)E o= b b I% ‘%
vt w
S000 % :l;'; in g :l;';
. , z s z
Objective Science w
4000
L]
o,
@ -
ParetoRank 10 v R .
(5] ey
-
2000 L
. A
,g;’;
ahe
lLUU ! .... a.“. m
- [ 2
R ? ::F "
4 0.2 0.4 0.6 0.8

Science

SSRR 2019 November 19, 2019 10



SYSTEMS Current and future work ATQI

ENGINEERING

RRRRRRRRRRRRRR

e Studying different ways of measuring learning in DSE

e Conducting pilot study to see if Teacher role actually fosters
learning

e How do we take into account the fact that we are simultaneously
exploring the design space and estimating user learning?

—Borrow from intelligent tutoring systems literature

SSRR 2019 November 19, 2019 11
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