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New in 2015: Global Teamwork Lab (GTL)

Kashiwa-no-ha Smart City 1HDZE

» Global Teamwork Lab (GTL) promotes global capability and research on multidisciplinary
teamwork for students, faculty and industry

* Uncovering Dynamics of Complex Teamwork across Boundaries
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TofT on SofS

* Teams of Teams

working on
Systems of Systems

* Performance for
Complex Problem

Solving
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Projects are Socio-Technical Systems

Socio = Project Teams in Organizations  Socio = ffifE. 1T#). X FIL_ EiE.
with values, behavior, skills, structure, 1B E. BESI. AF¥ /I, AR b=
priorities, capacities, skills, and costs HoMmEo ooy bF— L

Technical = Projects Outcomes Technical=7 —F%F 77 F v —, A4~

through product systems, with R—T =R IXTUTIL, B,

architecture, interfaces, materials, Yb—EXRELE, AKX bR T

information, services, ... LIZXKBRE

« Team behaviors and the demand for * F—LDZEFEFRDOEXKIL,
outcomes combine and constrain ElFE

in often surprising ways
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Trend: From Practices to Dynamics

 Classic engineering projects were born

through practices and standards,

evolved over decades, and reflective of

significant embedded know-how.

* The underlying dynamics — the drivers
of performance -- are often assumed or

hidden.

* |[f our work and market environments
are stable, and we keep up with
change, practices and standards may
be sufficient.
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People, models, data, and analytics

RMRF—LT—7ICKBTH A

Design of Engineering Teamwork:

* Integrate systems view of product,
process, and organization

* Forecast surprising, likely, and
emergent outcomes

e Act as a Social Instrument

* Allows participants to explore the
trade space.

* Connects to streams of signals (of
evolving models and underlying
actual performance)
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RESEARCH STRATEGY




GTL Research

e Our research focuses on the underlying
mechanisms and dynamics of performance
under complexity.

e Teams, their problems, and their environment
are instrumented to reveal phenomena in real-
time: demands, behaviors, activities,
interactions, and outcomes across social and
technical boundaries.

* Data-driven experiments are matched with
modeling, simulation, systemic analytics, and
interactive visualization.

* These methods are developed, tested, and
deployed for practical use by our joint
industry-university teams.
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Facilitators

Participants &4

Rbysical
Big Data
Tokyo Bryan
R Moser/Dai

Virtual
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Workshop-based Experiments

* Pick a dynamic of teamwork during  * B LR EIREERDEIICT — L
complex-problem solving. g— TDRAFT Iy 7 xEDR
VAW
* Design an experiment to observe
these teamwork physics in real time. « TN DF—L T —7 OB %
J7IVRZA LTEHRT D700
* Use platform to support complex SEESA RS F 9,
problem-solving by teams of teams )
c 77w b7 —L%ERLT,
* Instrument for repeatable and F—LDF— LI & HEHME
scalable experiments. SEERSh AR — K3 3
s REMERT—ZEYT 4 DI
HIT, BERICE T —&BAL
TL72E 0y,

7 Feb 2017 - Big Data Tokyo Bryan R I I'- Massachacelis
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PROJECT DESIGN EXPERIMENTS /




Teamwork Experiment Examples

* Engineering Project Planning
* Dependency Management
* New Service Concept Generation

* Infrastructure Scope and Contract
Negotiation

* City Design with Walkability

7 Feb 2017 - Big Data Tokyo Bryan R
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An Engineering Plan is a Project Design

e The plan, or design, of a e 7O FOEEF

project...
. . Feasibility 72 IEER
... integrates a system o J o . R
product, process, and "'\\%z”'f_j JREA B
OVHR A8

organization
LEFE LW, RIBEAEEL
70y bADIERRE

...Is search and choice
towards a desirable and

feasible project EARD
> ‘7\
...predicts the likely Cost, I\ A i;c_ﬁl_fft% zi
Schedule, and Scope at > /:—; N
some Risk VgEEHz FRT %
Desirability
Moser/oai fe® 2007 iy == ;



Project Design Tradespace & the “Design Walk”

Baseline project design scenario
Estimate of likely, realistic outcomes
Cost

O A new design for the project:
Architecture, scope, roles, behaviors,...

Duration

20



Starting Point: City Car Project

Products

= City Car

. System Requirements
Project Management
System Reviews

; . Integraled Validated Prototypes
E| . Subsystems

Body / Shell
Power

Interior

Chassis

Software / Controls

7 Feb 2017 - Big Data Tokyo Bryan R I I'- Massachasells
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Experiment in Process
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1,482 simulations 316 Scenarios in 2 hours

Each dot is a feasible
project scenario, yet
perhaps not valuable

Common starting point
for 20 teams: $10.1M,
872 days

Each change is an
insight: which designs
of the project as are
acceptable and
valuable?
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7 Feb 2017 - Big Data Tokyo Bryan R
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Selected Scenarios & Pathway Patterns

e Diagram shows
improvement in
preferred solution for

each team. d“ra”'omcen,
Hic

Some teams generated |
solutions better at \
duration; other teams
preferred cost.

Why do some teams
keep attention on
solutions along a sub-
optimal pareto? oot
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CURRENT EXPERIMENT: ATTENTION /
AND AWARENESS OF DEPENDENCIES /




Data Measurement Framework

The experiment sensors are arranged around the
developed awareness-decision theory

Exercise

wid
(2]
O
o

Events in Experiment

Briefing

v

Sensors for Measurement

Awareness

+ Perception

®

- Comprehension
= Projection

................ lHSystemz”

Outcome

_— )

Performance

- —

Debriefing

?__

—> Demographic Survey

— Fingerprint Report

Action Sequences

! Dependencies

Change (3)
Log (7) (2) 0 (5)
Model Evolution @

A

Tradespace *
(Design Walk)

oy

=

, comprehension

Questionnaire

Kahneman, D. (2011). Thinking, Fast and Slow (1st ed.). New York: Farrar, Straus and Giroux. ISBN: 0-374-27563-1

Endsley, M. R. (1995). Toward a Theory of Situational Awareness in Dynamic Systems. Human Ficiii?m pp. 32-64.



What drives teams to better project design?

COST

20 teams common starting point, 2 hours

7 Feb 2017 - Big Data Tokyo Bryan R I I'- Massachacelis
Institile of
Moser/Dai Ike©®© 2017 I II

DURATION
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Experiment: attention allocation to dependencies

RER K EFRBEAFRADIEDEIYHT
Research Questions

To which elements do high performing
teams allocate their attention?

Does attention allocation towards key
dependencies lead to higher performance?

Does focus on project model structure
improve the designing performance of
teams?

Through which events do project teams
become aware of activity dependencies?

Which other action patterns are followed by
high performing project teams?

= 00000

Product Development

EHREF—LITIEDERITEEZH S DOMN?

FEGEEFERRADIEDEIVLETITIYE
WIND A= RIZTDIENBEMN?

JOV O ETILVEBEICERAZYETTF—LA
D/ /NTAH—T U RERLEESEBZN?

EDARUIERELT, 7V F—LIEE
BOKFREARERRLEITHN?

IZEDEOGEITEN/NF— DN TULVET
H?

Technical University of Munich m'

© 2016 Prof. Lindemann

Experiments in TeamPort | Carl Fruehling | September, 28t 2016 29



TEAMWORK DURING EARLY IDEATION /

AND CONCEPT GENERATION /




Unigueness of i.school

* Prof. Horii focused on
Innovation science

* Innovation workshop itself is
the subject to study

* Cognitive science,
Organizational behaviors,
Knowledge engineering,
Pedagogy

* Results of studies are utilized
to design better innovation
workshop

7 Feb 2017 - Big Data Tokyo
Bryan R Moser/Dai Ike© 2017
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Teamwork for Concept Generation

7 Feb 2017 - Big Data Tokyo Bryan R I I'- Massachaselly
Moser/Dai Tke® 2017 i ool
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|deation & Knowledge Structuring

7 Feb 2017 - Big Data Tokyo Bryan R
Moser/Dai Ike© 2017
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Our partners from the
U Tokyo i.School run
workshops for
upstream concept
generation

Courtesy U Tokyo i.School
Prof. Hideyuki Horii

O

&
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Bryan R Moser/Dai Ike GPD GTLO 2017

Courtesy U Tokyo
i.School
Prof. Hideyuki Horii
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Happiness Counter

MH_Sdm 7 Feb 2017 - Big Data

Tokyo Bryan R Moser/Dai
Tke®© 2017

Bryan R Moser/Dai ke GPD GTLO 2017

Courtesy U Tokyo i.School
Prof. Hideyuki Horii

Lasdarship, Innovatian, Byatamsa Thinking
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EXPERIMENT DESIGN FOR INFRASTRUCTURE /
SCOPE & CONTRACT NEGOTIATION /




CONCEPTUAL FRAMEWORK Behavioral Dynamic Design  human-design interaction over time

_———

Technical or Socio-technical

subject system
|
, l m
3| Rational or Psycho-social
Adversarial Or COIIaborative ____ measure Outcome perceptions

human social team dynamics

r —l——] Mono or Multi-objective

One-shot or Evolving evaluation trade-space
| I

Process changes and repeated attempts 1
]

Specification or Performance-based

design frames

From Vivek Sakhrani MIT PhD; Senior Consultant, CPCS Transcom Inc

7 Feb 2017 - Big Data Tokyo 37
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EXPERIMENT SUMMARY

Design Frame: explore multi-objective
trade-space and choose designs through
performance-based negotiations, with
treatments and controls

Subject System: life-cycle
performance of civil infrastructure
Public-Private Partnerships

Main hypothesis: collaborative design
results in innovation through learning
and shared understanding

Sub hypotheses: effects of information
asymmetry and dialogue (communication)

7 Feb 2017 - Big Data Tokyo
Bryan R Moser/Dai Ike© 2017

Rational  Psycho-social

Technical
features

. . Private-sector
. . Public-sector

T Contractual
Co-design terms

Understanding

Knowledge

exchange

T Dialogue

Design

Tradespace

Evaluate both technical payoffs
and psycho-social experience for
collaborating actors

Nature of socio-technical system
Implies multi-domain, i.e. co-design

Collaborative co-design is enabled
through shared understanding of
how design choices affect

system performance

Joint tradespace exploration
supports knowledge exchange
and dialogue

From Vivek Sakhrani MIT PhD; Senior Consultant, CPCS Transcom Inc 54
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DESIGN OF A CITY WITH WALKABILITY /




a I n Tactile Matrix - Urban Planning User Study in Riyadh




Source: Ira Winder

Source: Tarig Alhindi, Tarfah Alrashed, Almaha Almalki, Faisal
Aleissa, Cody Rose, Ira Winder, Anas Alfaris, Areej Al-Wabil

a I n Tactile Matrix - Analyzing User Interventions




FUTURE RESEARCH /




Meso-Scale: 7 to 7x7x7 people

* Much research exists at the “micro-
scale” for teams, examining the
interplay of individuals, their skills,
personalities, and biases as part of a
small team.

* Emerging research at the “macro-
scale” is using “big data” to draw
conclusions at the population level.

 Our work at GTL focusses at the meso-

scale, the team of teames.

e the most common scale of working teams
in the field.

7 Feb 2017 - Big Data Tokyo
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Sub-atomic Particles of Tasks

* If “tasks” are the atomic particle of
classic project management...

* Seek the underlying characteristics of
tasks, and how they interact
dynamically with the environment

* To better understand and predict likely
performance.

e the nature of work (the task)

* the nature of behaviors (teams and
resources) and

* how they interact (project architecture and
dynamics)

7 Feb 2017 - Big Data Tokyo
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Scale and Pace of Research

* Traditional work has proceeded at
the pace of a social science PhD

* Deep ethnographic case studies
e Survey-based self-report
* “toy problems”

e Often limited in repeatability and
scalability.

e GTL looks to build research as
platform, to connect to teams, roll-
out experiments, observe, towards
10x rapid and 100x scalable
experiments.
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CONCLUSION

By seeking the underlying mechanisms in meso-scale sociotechnical systems:
We should see commonality across types of teams and domains

The shadows from research at the micro and macro scales should make sense, if
not inform, the meso-scale mechanisms.

We will be able to predict and provide teams with real-time adaptive tools and
thinking leading to great performance.

50
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Uncovering Team Performance Dynamics with Data & Analytics

* This talk introduces a framework by the Global Teamwork Lab (GTL) at U Tokyo and MIT to uncover the nature of
performance during complex projects. The most innovative and significant grand challenges for industry and society
are marked by technical and social complexity, with teams working across boundaries. With recent capabilities to
instrument demands and activities, we propose a new lense and inquiry into the performance of teams. Sensors on
both the peoEIe and the problem are analyzed in real-time, so that the awareness, interaction, and actions by
teams are enhanced. An integrated “meso-scale sociotechnical systems” approach requires integrated
instrumentation, analytics, modelin% and visualization so that data is streamed, processed, considered, and acted
upon in the cognitive sweet spot of human teams. We’ll show some recent experiments from GTL and the new
“Interactive Visualization Lab” at MIT.

* The technical system its elements and architecture is tied in real time to an organization system, with its own
elements and architecture. Local behaviors and system dynamics. Performance is an emergent result. These
complex sociotechnical systems have been studied by disparate academic fields.

* We are re-framing the discussion to include the use of multiple sensors for data in the teamwork environment, and
the interplay of data as %enerated by models and analytics with real people making decisions collaboratively. The
“Big Data” discussion is brought to down to the meso-scale level that is at the heart of performance in industry. At
the meso-scale we have a level of granularity much closer to the means of performance change .. at a level where
the levers and behaviors can be discerned with better causality than the black box analytics at the macro-scale.

e At the same time, the underlying trends: more sensors, heterogeneous and unstructured data, improved and
multiple cognitive analytics... will transform our research on engineering projects and global teamwork.
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