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CreateData4AI (CD4AI) – The Solution?

• What? – A human-in-the-loop system to 
automate labeling of text corpora

• Goal? – Drastically reducing manual effort in 
the annotation process

• How? – Combining human domain expertise 
with Natural Language Processing algorithms

Background | Manual Annotation of Text Data is Challenging
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The Situation

• Zettabytes of data are generated every day

• 80% of this data is unstructured text

 How to make text useful for AI applications?

The Challenge

• Training AI models requires annotated data

• Annotation eats up most of the time – "80/20 Rule"

 Manual annotations is costly, inefficient, not scalable!

“Frontend“ web application to interact with the workflow

“Backend“ NLP engine to process and label text data
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Background | CD4AI’s Hybrid Human-Algorithm Approach
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CD4AI is a task-oriented web app, with human-algorithm and human-human co-creation at its core. 
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Background | The CD4AI Web Application
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Background | Open Issues with the CD4AI Prototype
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Feature Maturity
Key Parts and recent advancements of the CD4AI have not been implemented or are not functionally 
usable.

User-centered Design
Former research has focused on the CD4AI framework. Usability research on the web application has not 
taken place.

Public Accessibility
The web application is not publicly accessible. Independent usage is not possible without external support 
and insider knowledge.



Research Questions
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What efforts can be taken to reduce manual effort in the CD4AI web application?RQ1:

How can the CD4AI web application be iteratively optimized for usability?RQ2:

What technical adaptations are required to transform the CD4AI application from a research
prototype into an externally usable system?

RQ3:



Inspection
Phase

Methodology | Iterative User-centered Design1 (ISO 9241-210)
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In-Person
User Testing

Pilot Remote
User Testing

Final Remote
User Testing

Understand the
Context of Use 

Produce Design
Solutions to meet URs

Evaluate
against URs

Specify User
Requirements (UR)

User-centered Design is an iterative framework to advance low-fi prototypes to mature systems.

1 2 3 4

1) ISO 9241-210:2019 – Ergonomics of human-system interaction — Part 210: Human-centered design for interactive systems

4 iterations of UCD were conducted, each with a specific purpose and dedicated methods.



Results | Inspection Phase (Phase 1)
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Cognitive Walkthrough

Step through tasks, predicting 
user thought processes.

Heuristic Evaluation

Evaluate the interface against 
established usability principles 

(heuristics).

Action Analysis

Break tasks into detailed user 
actions to assess efficiency and 

workload.

 Nielsen’s 10 Usability Heuristics 
served as the central guidelines for heuristic evaluation, and for validation of ideated features.

In phase 1, the prototype was inspected and improved without user intrusion.



Results | Inspection Phase (Phase 1)
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Task Interaction (8)

 Task Status Banners
 Auto-Confirm Seed Keywords
 …

Administration (3)

 Email Notification System
 Project-Level Task Dashboard
 …

Team Collaboration (2)

 Auto-Merge Selection Tasks
 Selection Tasks Consistency

Initial inspection and ideation informed the implementation of over 28 key adaptations.

Deployment (3)

 Public Accessibility: 
https://createdata4ai.com

 GPU Acceleration
 …

Pipeline Finalization (2)

 LLM-based Archetype 
Generation

 Archetype-driven Document 
Classification

Bug Fixes (10)

 Search Bars
 Task Cancellation
 …



Example: Task Dashboard
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A task dashboard makes it significantly easier to track task statuses in a unified manner.



Results | In-Person User Testing (Phase 2)
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Voluntary Recruitment

• 8 Researchers (SEBIS Chair)

• 100% Technical Background

• Voluntary Participation

1 Test Task Completion

• In-person 1-on-1 sessions

• Guided & observed

• NYT news article classification 
(600 samples, 3 classes)

2 Follow-up Survey

• System Usability Scale

• Free-text questions

3

In phase 2, eight test users were observed completing an exemplary task while “thinking aloud”.

1000

ExcellentGoodOKPoor

50 68 80

The System Usability Scale (SUS)

• Popular, technology-agnostic usability research instrument

• 10 item survey (5-scale Likert)

• Yields a score from 1-100



Results | In-Person User Testing (Phase 2)
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The identified usability issues informed the design and implementation of 16 
further enhancements.

Guidance & Help (3)

 Onboarding Wizard
 Simplified Terminology
 …

Task interaction (3)

 Redesigned Tab Components
 Keyword Review Enhancements
 …

Other (10)

 Consistent In-App Notifications
 Visual Consistency
 …

75.6

SUS Score

indicates 
GOOD
usability



Example: Onboarding Guide
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Results | Pilot Remote User Testing (Phase 3)
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Recruitment via Prolific

• 5 Strangers (Prolific)

• 60% Technical Background

• Paid Participation

1 Test Task Completion

• NYT news article classification 
(400 samples, 2 classes)

2 Follow-up Survey

• System Usability Scale

• Feature-related questions

• Free-text questions

3

In phase 3, remote test users completed an exemplary task without guidance.



Results | Pilot Remote User Testing (Phase 3)
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What was the issue?

• Users felt overwhelmed and insecure with the task.

• Guidance provided by the in-app onboarding wizard was 
insufficient to let users confidently perform the task.

63.0

80%

29.5
min

SUS
Score

Task
Success

Rate

Task
Completion

Time

- 12.6
indicates OK usability

vs. 11.5 min “expert” TCT

“There wasn’t really a clear overall explanation of 
what and how the system worked […]. With no 

experience prior to this, it is hard to really tell if what 
I was doing was right.”

– Participant 3.5

4 out of 5

In phase 3, remote test users completed an exemplary task without guidance.



Results | Pilot Remote User Testing (Phase 3)

© sebis251103 Mathis Hoffmann Optimizing User-centered Design for CreateData4AI 18

Landing Page

Intends to improve user 
expectations and conceptual 

understanding.

Demonstration Videos

Guide users through the CD4AI 
workflow with detailed 

instructions.

Refined Onboarding Wizard

Provides more detailed 
information about the conceptual 

specifics.

Based on the findings, further improvements to the onboarding experience were made.



Example: Demonstration Videos

© sebis251103 Mathis Hoffmann Optimizing User-centered Design for CreateData4AI 19



Results | Final Remote User Testing (Phase 4)
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Recruitment via Prolific

• 15 Strangers (Prolific)

• 67% Technical Background

• Paid Participation

1 Test Task Completion

• NYT news article classification 
(400 samples, 2 classes)

2 Follow-up Survey

• System Usability Scale

• Feature-related questions

• Free-text questions

3

In phase 4, remote test users completed an exemplary task without guidance.



Results | Final Remote User Testing (Phase 4)

© sebis251103 Mathis Hoffmann Optimizing User-centered Design for CreateData4AI 21

72.8

93%

32.5
min

SUS
Score

Task
Success

Rate

Task
Completion

Time

+ 3 min
vs. 11.5 min “expert” TCT

+ 9.8
indicates GOOD usability

+ 13 pp
14 out of 15

Strengths

• Layout & UI

• Demonstration Videos

• Ease of Use

Weaknesses & Issues

• Getting Started & Conceptual Understanding

• Navigation

• Context Window Assessment

In phase 4, remote test users completed an exemplary task without guidance.



Discussion | How to Deal with Varying Usability Scores?
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Phase 4Phase 3Phase 2

72.8 (GOOD)63.075.6Overall SUS Score

80.0 (EXCELLENT)77.575.6Tech. Participants

58.5 (OK)41.3–Non-Tech. Participants

A significant difference between technical and non-technical participants can be observed.

Why is this?

• Tech. users are presumably more familiar with 
the concept of data labeling and NLP.

• Non-tech. users have issues with the 
conceptual understanding of the E2E process.

How to interpret this?

• CD4AI is designed as a collaborative platform 
with different personas.

• Tech. users take the role of Facilitators1

administer the E2E labeling workflow.

• Non-tech. users take the role of Practitioners1

and participate in tasks only selectively.

1) Leimeister, Jan Marco. (2014). Collaboration Engineering - IT-gestützte Zusammenarbeitsprozesse systematisch entwickeln und durchführen. 



RQ3: What technical adaptations are required to transform the CD4AI […] app into an externally usable system?

• Pipeline finalization

• Deployment, GPU acceleration, public accessibility, …

RQ1: What efforts can be taken to reduce manual effort in the CD4AI web application?

• Workflow Level: notification system, dashboard, automated collaboration, …

• Action Level: smoother input operations, optional input fields

• Challenge: Overall app design is largely determined by initial design and the CD4AI framework!

Discussion | What Does This Mean for the Other Research Questions?
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Limitations & Future Work
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Ergonomics and Usability
Technology adoption is also driven by usefulness, i.e., 
accuracy of the results and ease of system integration.

Collaboration Features
Testing focused on CD4AI‘s core user journey. Cross-
team collaboration was not investigated.

Artificial Test Setup
Authenticity of the test tasks and participants’ natural 
motivation to achieve the given goal is limited.

Choice of Metrics
SUS is a widely applicable, yet generic metric. Domain-
specific metrics provide more fine-granular insights.

Participant Demographics
Involving a larger and more diverse pool of test users 
and HCI experts might yield additional findings.

Methods

Scope

Limitations Future Work

Feature Expansion
Advanced dataset features, scalable 
infrastructure, … 

In-Depth Case Study
Monitored long-term authentic case study 
with small number of test users.

Generalization to HITL Systems
How do results generalize to HITL 
systems in general?



Conclusion
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Feature Maturity

Finalized the app and enabled 
real-world usage.

User-centered Design

Optimized user-centered design 
proved a high level of usability.

Public Accessibility

Made the app publicly accessible 
and fostered user empowerment.
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Backup
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The System Usability Scale (SUS)
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Inspection Phase Features
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Thinking Aloud Issues
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Example: Keyword Task Panel BEFORE
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Example: Keyword Task Panel AFTER
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CD4AI – Hybrid Approach
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CD4AI – Hybrid Approach
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1. Keyword Extraction: using classes or tags defined by a domain expert, unsupervised techniques for the 
extraction of keywords will be utilized to support the domain expert in defining the class. Moreover, related 
words and phrases are suggested to refine further the scope of the class.

2. Context Window Extraction: building around the keywords and keyphrases, windows encapsulating the 
context of these key units of information are extracted. Such windows should best embody the meaning of 
the selected keyword in context, so as to determine its function in text.

3. Context Rule Creation: using the extracted context windows, the domain expert is put into action, where he 
or she will determine which of the windows best describe the meaning of the predefined classes. The set of 
these selected rules will form the basis for automated dataset creation.

4. Extrapolation: for each class, the set of context rules are leveraged in conjunction with NLP techniques to 
"extrapolate" from the finite set of rules to a theoretically infinite number of unseen documents. With this 
step, the bridge between manually-defined rules and fully-unsupervised classification is crossed.
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Usability according to ISO 9241-11
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• Effectiveness: The accuracy and completeness with which users achieve specified goals.

• Efficiency: The resources expended (such as time, effort, or cost) in relation to the accuracy and 
completeness of goals achieved.

• Satisfaction: The degree to which user needs and expectations are fulfilled, and the comfort and 
acceptability of using the product or system.



Usability according to Nielsen (2012)
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Usability is defined by 5 components:

• Learnability: How easy is it for users to accomplish basic tasks the first time they encounter the design?

• Efficiency: Once users have learned the design, how quickly can they perform tasks?

• Memorability: When users return to the design after a period of not using it, how easily can they reestablish
proficiency?

• Errors: How many errors do users make, how severe are these errors, and how easily can they recover from 
the errors?

• Satisfaction: How pleasant is it to use the design?



HCI Theory – User Centered Design
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Source: https://www.interaction-design.org/literature/topics/user-centered-design?srsltid=AfmBOooBpJ2iopAtWrSb24gQslv-MEZqGM5xRa5WWlrS1e8bK6RkPVQR



UX Design Patterns
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1. Visibility
The more visible functions are, the more likely users will be able to know what to do next. In contrast, when functions 
are out of sight, it makes them more difficult to find and know how to use.

2. Feedback
Feedback is about sending back information about what action has been done and what has been accomplished, 
allowing the person to continue with the activity. Various kinds of feedback are available for interaction design-audio, 
tactile, verbal, and combinations of these.

3. Constraints
The design concept of constraining refers to determining ways of restricting the kind of user interaction that can take 
place at a given moment. There are various ways this can be achieved.

4. Mapping
This refers to the relationship between controls and their effects in the world. Nearly all artifacts need some kind of 
mapping between controls and effects, whether it is a flashlight, car, power plant, or cockpit. An example of a good 
mapping between control and effect is the up and down arrows used to represent the up and down movement of the 
cursor, respectively, on a computer keyboard.

5. Consistency
This refers to designing interfaces to have similar operations and use similar elements for achieving similar tasks. In 
particular, a consistent interface is one that follows rules, such as using the same operation to select all objects. For 
example, a consistent operation is using the same input action to highlight any graphical object at the interface, such as 
always clicking the left mouse button. Inconsistent interfaces, on the other hand, allow exceptions to a rule.

6. Affordance
A term used to refer to an attribute of an object that allows people to know how to use it. For example, a mouse button 
invites pushing (in so doing acting clicking) by the way it is physically constrained in its plastic shell. At a very simple 
level, to afford means to give a clue (Norman, 1988). When the affordances of a physical object are perceptually 
obvious it is easy to know how to interact with it.

Source: https://www.designprinciplesftw.com/collections/don-normans-principles-of-design



HCI Theory – Hick‘s Law

The time it takes to make a decision increases with the number and complexity of choices.

Takeaways

1. Minimize choices when response times are critical to decrease decision time.

2. Break complex tasks into smaller steps in order to decrease cognitive load.

3. Avoid overwhelming users by highlighting recommended options.

4. Use progressive onboarding to minimize cognitive load for new users.

5. Be careful not to simplify to the point of abstraction.
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Source: https://lawsofux.com/hicks-law/



HCI Theory – Others

• Cognitive Load Theory

• Fitt‘s Law

• Ecological Interface Design

• Gestalt Principles

• …
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Nielsen’s 10 Usability Heuristics
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https://www.nngroup.com/articles/ten-usability-heuristics/



Timeline from the Kickoff Presentation
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10/2509/2508/2507/2506/2505/2504/2503/25

Abstract & 
Pitch

Literature 
Review

Inspection 
Phase

Feature 
Implementation

User 
Testing

User Feedback 
Implementation

Overall 
Feedback Anal.

Future Plan 
(RQ3)

Thesis 
Writing

Official Thesis Start Thesis Hand-In
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Now



Initial Results – 3. Producing Design Solutions to meet User Requirements
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Heuristic Evaluation
Judging to what degree the functional workflow and design elements of the app comply with established heuristics, 
patterns and best practices

Cognitive Walkthrough
Task-oriented method to explore system‘s functionalities with focus on cognitive issues.

Action Analysis
The process of breaking tasks down into actions and performing precise analytical inspection of action sequences 
intended to achieve a goal.

Holzinger (2005)2 has identified the three most common so-called Inspection Methods. 
These methods are intrinsic without real-world users contact. 

2) Holzinger, Andreas. (2005). Usability Engineering Methods For Software Developers. Commun. ACM. 48. 71-74.



Feature Backlog
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Next Steps – 4. Evaluate against User Requirements
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Holzinger (2005) also proposes the three most common so-called Test Methods. 
These methods are extrinsic with contact to real-world users. 

Field Observation
“Shadowing” test users during their system usage, without any kind of intervention.

Thinking Aloud
Test users constantly verbalize their thoughts, commenting every action they take while using the system. 

Questionnaires
Questioning test users about their opinions regarding certain aspects of the system. No direct study of the actual 
interface.

Holzinger, Andreas. (2005). Usability Engineering Methods For Software Developers. Commun. ACM. 48. 71-74. 10.1145/1039539.1039541. 



Stick to the good sebis traditions

 Provide action links at the bottom of the slide to guide the audience to our web pages or publications (see 
below). (Select the text, press CTRL-K)

 Use a file name according to our sebis conventions which helps us and our audience to find the file of your 
presentation on our web site with Google search:

 YYMMDD Author Short Title

 Include this string in the footer (Einfügen -> Kopf- und Fusszeile -> Fusszeile)

 The unusual date format simplifies the search for the latest version of a slide in an alphabetical directory 
listing (Dropbox, Explorer, Tricia, Sky-Drive)
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For more information visit BEAMS , EAM Pattern Catalog and EAM KPI Catalog (http://wwwmatthes.in.tum.de)

[Ha13g] Hauder, M., Roth, S., Matthes, F.: Current Tool support for Metrics in Enterprise Architecture Management 
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Use the sebis visual language 
(shapes, fonts, colors, sizes)
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