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Evolution of the scientific enterprise

Evolution of the scientific enterprise from [Barabasi, 2005] extended with the 
ATLAS Detector Project at the Large Hadron Collider [The ATLAS Collaboration, 2012].

Individual Intellectual people Pairwise Research Collaborative Research Collaborative Research Networks

Galileo, Newton, Darwin 
andEinstein published

fundamental work
single-authorship

Watson and Crick made 
progress on unscrambling 
ǘƘŜ 5b!Ωǎ structure

co-authorship

International Human Genome 
Sequencing Consortium

large number co-authors

ATLAS Detector Project at the 
Large Hadron Collider in CERN

the community as author

Motivation
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Lake

Science Goal: The Age of Water

Hydrologists 

Limnologists

Challenges of Scientific Collaborations

Snow Regulation

Slope

Regulation

Data

Data with 
limited access

Specialist

Expert-Team

Research Group

Legend:

Model

Model Suites

Snow
Vegetation

Vegetation

Self-Organization of the Community
People with diverse backgrounds are supposed to first 
discover one another and common ground to collaborate.

On-line Community 
Since people need clear incentives to remain involved for 
the long period of time that such projects are active.

Open Science Process
The complexity of large scientific project complicate
keep track of all ongoing activities. 

Introduction



TECHNISCHE 
UNIVERSITÄT 
MÜNCHEN

INFORMATION SCIENCES INSTITUTE Felix Michel 

ApproachIntroductionMotivation Live DemoEvaluation Outlook Discussion

5

Defining Science Goal
Define Main Tasks
Decompose Tasks until they are solvable

Science Goal: The Age of Water
1

Document 
PIHM model

Modeling connectivity
in the hydroscape

The lake organic 
carbon models.

Software Calibrating

Online service manual

2 5

3 4

1

2

3

4

5

6

Accomplish tasks with results
Aggregating Knowledge
Models as software component

2 2

Algorithm Black box

Input
Parameter 
Blackbox

-> x1
-> x2

-> y1
-> y2

Description
¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ǳǎŜǎ ǘƘŜ · ƳƻŘŜƭ ǘƻ ƎŜƴŜǊŀǘŜ ΧΦM

e
ta
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e
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p
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Workflow Component
Output
z  ->
v  ->

a  ->
b  ->

Algorithm Black box

Input
Parameter 
Blackbox

-> x1
-> x2

-> y1
-> y2

Description
¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ǳǎŜǎ ǘƘŜ · ƳƻŘŜƭ ǘƻ ƎŜƴŜǊŀǘŜ ΧΦM

e
ta

 D
e

sc
ri

p
ti
o
n

Workflow Component
Output
z  ->
v  ->

a  ->
b  ->

6

Organic Data Science Sample Process

Introduction
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Organic Data Science Features Design

Approach

Credits for contribution

Task representation

Transparent project state

Simple navigation 
and organization

Assist user to 
complete work

Attract newcomers

Set up new community

User role concept

Task Representation

0 Welcome page

Task Metadata

Task Navigation

Personal Worklist

Subtask Navigation

Timeline Navigation

Task Alert

Task Management

Users tasks and expertise

Task State

Train new members

Conceptual Design Features

1

3

2

4

5

6

7

8

9

II

I

III

IV

V

VI

VII

VIII

[R2, R3, B8, F2]

[R1, A3, A4,A3, A4, A6, B1, B3, B10, 
C2, C3, C4, C5, E1, E5, F3]

A: Starting communities
A1: Carve a niche of interest, 

scoped in terms of topics, 
members, activities, 
and purpose

A2: Relate to competing sites, 
integrate content

A3: Organize content, people, 
and activities into subspaces 
once there is enough activity

A4: Highlight more active tasks

A5: Inactive tasks should have 
έexpected active timesέ

A6: Create mechanisms to 
match people to activities

B: Encouraging contributions 
through motivation

B1: Make it easy to see and track 
needed contributions

B2: Ask specific people on tasks 
of interest to them

B3: Simple tasks with challenging goals 
are easier to comply with

B4: Specify deadlines for tasks, 
while leaving people in control

B5: Give frequent feedback 
specific to the goals

B6: Requests coming from leaders 
lead to more contributions

B7: Stress benefits of contribution

B8: Give (small, intangible) rewards 
tied to performance (not just for 
signing up)

B9: Publicize that others have 
complied with requests

B10: People are more willing to 
contribute: 1) when group is small, 
2) when committed to the group,
3) when their contributions are 
unique 

C: Encouraging commitment
C1: Cluster members to help them 

identify with the community

C2: Give subgroups a name 
and a tagline

C3: Put subgroups in the context 
of a larger group

C4: Make community goals 
and purpose explicit

C5: Interdependent tasks 
increase commitment 
and reduce conflict

D: Dealing with newcomers
D1: Members recruiting colleagues 

is most effective

D2: Appoint people responsible for
immediate friendly interactions

D3: Introducing newcomers to 
members increases interactions

D4: Entry barriers for newcomers 
help screen for commitment

D5: When small, acknowledge 
each new member

D6: Advertise members particularly 
community leaders, include pictures

D7: Provide concrete incentives 
to early members

D8: Design common learning 
experiences for newcomers

D9: Design clear sequence of 
stages to newcomers

D10: Newcomers go through 
experiences to learn community rules

D11: Provide sandboxes for 
newcomers while they are learning

D12: Progressive access controls 
reduce harm while learning

E: Best practices from Polymath
E1: Permanent URLs for posts and comments, 

so others can refer to them

E2: Appoint a volunteer to summarize periodically

E3: Appoint a volunteer to answer questions 
from newcomers

E4: Low barrier of entry: make it VERY easy to comment

E5: Advance notice of tasks that are anticipated

E6: Keep few tasks active at any given time, helps focus

F: Lessons learned from ENCODE
F1: Spine of leadership, including a few leading scientists 

and 1-2 operational project managers, that resolves 
complex scientific and social problems and has 
transparent decision making

F2: Written and publicly accessible rules to transfer 
work between groups, to assign credit when papers 
are published, to present the work

F3: Quality inspection with visibility into intermediate steps

F4: Export of data and results, integration with 
existing standards

[R1, R2, B1, B2, B4, B5, B8, B10, C1, C5, E5 ]

[R1, R2, A3, A4, A5 B1, B3, B4, B5, 
B9, B10, C1, C2, C3, C4, C5, E5, F3]

[R1, A4, A5, A6, B1, B2, B4, B5, B6, C1, C2, C5, F3]

[R3, A3, A4, A6, B1, B3, B10, C2, C3, C4, C5, E1, E5, F3]

[R3, A1, A2, A3, B7, D1, D5, D6, D7, E2, E6, F1, F2, E4]

[R2, R3, F1, D9]

[VII]

Requirements

[II, VI]

[V]

[IV]

[IV]

[IV]

[IV]

[III]

[I, IV]

[III]

[III]

[VII]

10

11
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UI Features Overview
Approach
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Welcome Page0

Welcome Page
0

A1: Carve a niche of interest, scoped in terms of 
topics, members, activities, and purpose

D6: Advertise members particularly 
community leaders, include pictures 

D7: Provide concrete incentives to early members 

E6: Keep few tasks active at any given time, helps focus

[A1, A2,A3,B7,D1, D5, D6, D7, E2, E6, F1, F2, F4]

Approach
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Task Representation1

Task Representation
1

B1: Make it easy to see and 
track needed contributions 

C3: Put subgroups in the context
of a larger group 

E1: Permanent URLs for posts and 
comments,  so others can refer to them 

[A3, A4, A6, B1, B3, B10, C2, C3, C4, C5, E1, F3]

Approach



TECHNISCHE 
UNIVERSITÄT 
MÜNCHEN

INFORMATION SCIENCES INSTITUTE Felix Michel 

ApproachIntroductionMotivation Live DemoEvaluation Outlook Discussion

10

Task Metadata2

Approach

Task Metadata
2

A5: Inactive tasks should have "ŜȄǇŜŎǘŜŘ ŀŎǘƛǾŜ ǘƛƳŜǎά 

A6: Create mechanisms to match people to activities 

B4: Specify deadlines for tasks, while leaving people in control 

[A4, A5, A6, B1, B2, B4, B5, B6, C1, C2, C5, E5, F3]
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Task Navigation3

Approach

Task Navigation
3

T
a

s
k
 H

ie
ra

rc
h
y

Filter
Views

C D

43 A B

E

Task Navigation
3

B1: Make it easy to see and 
track needed contributions 

C3: Put subgroups in the 
context of a larger group 

F3: Quality inspection with 
visibility into intermediate steps 

[B1, B4, B10, C1, C2, C3, C4, C5, F3]
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Timeline Navigation

75%

60%

78%

100%

55%

75%

TODAY

74

S
u

b
ta

sk
s

Task Name Task-Time-Interval

6

Approach

Timeline Navigation
6

A5: Inactive tasks should have "ŜȄǇŜŎǘŜŘ ŀŎǘƛǾŜ ǘƛƳŜǎά 

B5: Give frequent feedback specific to the goals 

E5: Advance notice of tasks that are anticipated 

[A5, B1, B5, E5, F3]



TECHNISCHE 
UNIVERSITÄT 
MÜNCHEN

INFORMATION SCIENCES INSTITUTE Felix Michel 

ApproachIntroductionMotivation Live DemoEvaluation Outlook Discussion

13

Task Alert7

Approach

Task Alert
7

B1: Make it easy to see and 
track needed contributions

B4: Specify deadlines for tasks, 
while leaving people in control

[B1, B4]
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2a

2a

Task Management8

Task Management
8

A3: Organize content, people, and 
activities into  subspaces once 
there is enough activity

F3: Quality inspection with visibility 
into intermediate steps 

[A3, B3,  B10, F3]

Approach

4b

3

4a

1

uCreate Task, vMove Task, wRenameTask xDelete Task

1
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User Tasks and Expertise9

User Tasks andExpertise
9

B2: Ask specific people on 
tasks of interest to them 

C1: Cluster members to help them 
identify with the community

C5: Interdependent tasks increase 
commitment a. reduce conflict 

[B1, B2, B5, B8, B10, C1, C5]

Approach
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Task State
Approach

10

Progress
Start Date

Type

Owner

Target Date

40%

Progress
Start Date

Type

Owner

Target Date

35%

Task Created

Task Metadata in Progress

Required Task Metadata complete

Task in Progress

Task Overdue 

Task Completed 

Active

In
c
o
m

p
le

te
 

M
e
ta

d
a
ta

C
o
m

p
le

te
M

e
ta

d
a
ta

Every Task-Type has a different green colors

Every Task-Type has a different green colors

Required Meta Data: Start, Target, Type, Owner

Task in Progress
With overdue Subtask

Normal CurrentChild

Inconsistency

Fade Out

Normal CurrentChild

Inconsistency

Task State
B1: Make it easy to see and track 

needed contributions

B5: Give frequent feedback 
specific to the goals

E5: Advance notice of tasks that 
are anticipated 

[B1, B5, E5, F3]

10
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Train New Members11
Approach

P
e

rs
o

n
' T

ra
in

in
g

s 
T
a

s
ks

List of ¢ƻ5ƻΩǎ

Train New Members
D3: Introducing newcomers to 

members increases interactions 

D8: Design common learning 
experiences for newcomers

D9: Design clear sequence of 
stages to newcomers 

[D2, D3, D4, D8, D9, D10, D11, D12, E3, E4]

11

Links to related documentation page



TECHNISCHE 
UNIVERSITÄT 
MÜNCHEN

INFORMATION SCIENCES INSTITUTE Felix Michel 

ApproachIntroductionMotivation Live DemoEvaluation Outlook Discussion

18

What does the current social network 
of collaborators look like?

Organic Data Science Collaboration Network
Number of tasks in common = edge strength

Evaluation

Evaluation Facts
Ç 3 Organic Data Science Instances

Ç 40 Registered participants
Ç 1047 RDF data triples
Ç 14 Weeks collected data
Ç 19,000 Log entries
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How do users collaborate on tasks?

100

90

80

70

60

50

40

30

20

10

0

P
e

rc
e

n
ta

g
eo

f
T
a

sk
s

Number of 
Different Persons

14%

3%

14%

21%

48%

31T

8T

32T

47T

111T

1%

13%

32%

30%

24%

1T

14T

36T

33T

27T

0%
1%
2%

16%

81%

0T
1T
3T

25T

126T

1%
0%
1%

10%

88%

2T
0T
3T

25T

210T

T = Number of Tasks

How many 
tasks are viewed
by more than 
one person? 

How many tasks 
have more than 
one person
signedup? 

How many tasks 
have more than
one person editing
task metadata? 

How many tasks 
have more than
one person editing
their content? 

Evaluation
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What features are used to manage tasks?

Evaluation
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ÅSupport direct communication 
via comments on wiki pages with user notifications

ÅSupport Task Patterns with Templates
Write Paper, Geological Model creation, OrganizeWorkshop

ÅSupport Task Dependencies

ÅSupport granular rolesand
accessrightsfor Tasks

Outlook

@Smith

Method A might be promising

@Brown

Consider also condition X

Task Template

Outlook
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Outlook: Layers of Collaboration

Outlook

Algorithm Black box

Input Parameter Output
-> x1
-> x2

-> y1
-> y2

Description

z  ->
v  ->

a  ->
b  ->

¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ǳǎŜǎ ǘƘŜ · ƳƻŘŜƭ ǘƻ ƎŜƴŜǊŀǘŜ ΧΦ

factor:     20
repeat:   16 times
Min:         0.5 units
max:        11.5 units

M
e

ta
 D

e
sc

ri
p

tio
n

Workflow Component

Organic Data Science
Meta Workflows

GEOSoft
IO based Workflows

WINGS
Executable Workflows

IMPORT: 
Component Definitions  
and Descriptions

EXPORT: 
Workflow Results, 
Executable Workflows, 
Executable Components

Import Export

D
a
ta

, E
xe

cu
ta

b
le

Im
p

le
m

e
n
ta

ti
o

n

Input Parameter Output
-> x1
-> x2

-> y1
-> y2

Description

z  ->
v  ->

a  ->
b  ->

¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ǳǎŜǎ ǘƘŜ · ƳƻŘŜƭ ǘƻ ƎŜƴŜǊŀǘŜ ΧΦ

factor:     20
repeat:   16 times
Min:         0.5 units
max:        11.5 units

M
e

ta
 D

e
sc

ri
p

tio
n

Workflow Component

A
lg

o
ri

th
m

Algorithm Black box

Input
Parameter 
Blackbox

Output
-> x1
-> x2

-> y1
-> y2

Description

z  ->
v  ->

a  ->
b  ->

¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ǳǎŜǎ ǘƘŜ · ƳƻŘŜƭ ǘƻ ƎŜƴŜǊŀǘŜ ΧΦ

M
e
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 D

e
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Workflow Component

Algorithm Black box

Input
Parameter 
Blackbox

Output
-> x1
-> x2

-> y1
-> y2

Description

z  ->
v  ->

a  ->
b  ->

¢Ƙƛǎ ŎƻƳǇƻƴŜƴǘ ǳǎŜǎ ǘƘŜ · ƳƻŘŜƭ ǘƻ ƎŜƴŜǊŀǘŜ ΧΦ

M
e

ta
 D

e
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ri
p
ti
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n

Workflow Component

Modeling Analyze Provenance
Executed 2014
Input:
Results: 

Executed 2013
Input:
Results: 

Executed 2012
Input:
Results: 

Executed 2011
Input:
Results: 

W
o

rk
fl
o
w

s 
T

y
p

e
s

M
e
ta
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Live Demo

Organicdatascience.org

Live Demo

https://github.com/IKCAP/workflowtask
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Discussion

Discussion

Research 

Approach Development

Evaluation

Writing Thesis

Technical Implementation

Documentation & 
Training

Apr JanDecNovOctSeptAugJulyJuneMay

IUI Poster (submitted)
ESWC Paper (in progress)
WWW Poster (in progress)
AMCIS Paper (ready to submit)
Journal (planend)

Organicdatascience.org

GitHub Project

https://github.com/IKCAP/workflowtask

Organicdatascience.org/training

Writing  Publications

2014 2015
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Requirements

R1: Significant organization and coordination
R1.1: Support ad-hoc processes
R1.2: Show responsibilities and commitments
R1.3: Transparent workflow progress
R1.4: Support hierarchical structures of tasks

R2: Maintaining a community over the longer term
R2.1: Highlighting the importance of individuals expertise
R2.2: Supporting the creation of new communities of practice
R2.3: Understandable and adaptable for needs of specific groups

R3: Growing the community based on unanticipated needs
R3.1: Incorporate new participants as their expertise 

become relevant to the problem
R3.2: Formulating new tasks as the groups make 

progress and understand what is needed
R3.3: Creating mechanisms to learn about the work of others
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Metadata Constraints
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Task State Concept
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Task States
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Task States Sequences
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Organic Data Science 
Community Instances
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Trainings Process
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GEOSoft
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WINGS
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Technical Architecture
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Technical Architecture
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ODS Components I
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ODS Components II


