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Open Data

“”
Open data and content can be

freely used, modified, and shared by 
anyone for any purpose.

The Open Definition, OKFN
https://opendefinition.org
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Data Engineering

1 Terrizzano et al. (2015)

“” The process of making 

raw data usable for a 
specific project.

70%
of time spent on analytic projects 

according to IBM estimates1

Manual cleaning in Excel

Building automated data pipelines

Examples
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Collaborative Work

“” Participation of multiple 

contributors to achieve a 
shared goal.

Open collaboration1

● Egalitarian
● Meritocratic
● Self-organizing

1 Riehle et al. (2009)
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Initial Research Question

RQ1: How can open collaborative 
data engineering with open data be 

enabled?
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Design and develop an innovative artifact

Design Science

Peffers (2007)



11

Problem Identification
Objective Definition

[1] Heltweg, P., & Riehle, D. (2023). Challenges to Open Collaborative Data Engineering. In T. X. Bui (Ed.), 
Proceedings of the 56th Hawaii International Conference on System Sciences (pp. 679–688).

[2] Heltweg, P., & Riehle, D. (2023). A Systematic Analysis of Problems in Open Collaborative Data Engineering. 
ACM Transactions on Social Computing, 6(3–4), 1–30.
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Research Design

Kitchenham (2004)
Jansen (2010)
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Roles in Collaborative Data Engineering
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Selected Challenges

Missing semantic knowledge

High technical barriers to participation

No standard tools or artifacts, inadequate tools
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Tradeoff Programming vs Visual Tools

General Purpose 
Programming 

Languages (GPLs)

Visual Tools
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Domain-specific languages (DSLs)

Domain-specific 
Languages?

Visual ToolsGeneral Purpose 
Programming 

Languages (GPLs)
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Additional Research Questions & Objectives

RQ2: DSL as a viable foundation for a collaboration in data 
engineering?

RQ3: Important considerations for a DSL used by subject-matter experts?

Develop a DSL that is easy to use by subject-matter experts

Create a test bed for empirically developing insights
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Design & Development

Jayvee, a domain-specific language for the creation and processing of automated data pipelines, 
https://github.com/jvalue/jayvee
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Design
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Syntax

pipeline CarsPipeline {
   CarsCSVExtractor
       -> CarsTableInterpreter
       -> CarsLoader;

   block CarsCSVExtractor oftype CSVExtractor {
       url: "https://gist.githubusercontent.com/[...]/cars.csv";
   }

   block CarsTableInterpreter oftype TableInterpreter {
       header: true;
       columns: [
           "name" oftype text,
           "mpg" oftype decimal,
       ];
   }

   block CarsLoader oftype SQLiteLoader {
       table: "Cars";
       file: "./cars.sqlite";
   }
}
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Interpreter
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Evaluation

[3] Heltweg, P., Schwarz, G.-D., Riehle, D., & Quast, F. (2025). An empirical study on the effects of Jayvee, a 
domain‐specific language for data engineering, on understanding data pipeline architectures. Software: 
Practice & Experience, 55(6), 1086–1105.

[4] Heltweg, P., Schwarz, G.-D., & Riehle, D. (2025). Can a domain-specific language improve program structure 
comprehension of data pipelines? A mixed-methods study. In arXiv [cs.PL]. 

[5] Heltweg, P., Riehle, D., & Schwarz, G.-D. (2025). Is spreadsheet syntax better than numeric indexing for cell 
selection? In arXiv [cs.PL].
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Language Evaluation With Human Participants

Methods
of
Advanced
Data
Engineering

Test bed for 
continuous language 

evaluation



24

The MADE Module

New Module
Since SS23

~450 Students 5 Exercises
/semester
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Population Description

Master's level
Majority AI/Data science

No previous professional 
programming experience

Know Python/Pandas 
scripting
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Evaluation Overview
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Validation – Research Design

Kitchenham & Pfleeger (2008)
Jansen (2010)
Braun & Clarke (2012)
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Task Performance
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Effects of Using a DSL for Data Engineering

Easier to reuse

Enforced code structure helps understand

Experience outside of software engineering is relevant

Usability with ChatGPT (in 2023)
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Effects of Using a DSL for Data Engineering

Easier reuse

Enforced code structure helps understand

Relevant experience outside of software engineering

Usability with ChatGPT (in 2023)
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Program Understanding - Research Design

Ko et al. (2015)
Kitchenham & Pfleeger (2008)
Braun & Clarke (2012)
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Tasks and Tooling
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Crossover Design

Period

Task 1 Task 2

Sequence

AB Jayvee Python/Pandas

BA Python/Pandas Jayvee
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Fewer Mistakes, but Not Faster or Easier
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Improved Correctness

Python/Pandas

Incorrect Correct

Jayvee
Incorrect 11 5

Correct 24 17
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Effects of a DSL on Pipeline Understanding

Pipeline overview

Blocks considered intuitive

Value types in general

Low level language elements

Advanced programming concepts

Value type implementation

Similar pipelines increase learning effects

Experience from tools outside of programming feels relevant
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Summary
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Open Collaborative Data Engineering

RQ 1: How can open collaborative data engineering with open 
data be enabled?

Collaboration requires technical and subject-matter knowledge

Subject-matter experts are essential collaborators but struggle 
with technical challenges and inadequate tools

Enable SMEs with easy to use, purpose-built tools
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DSLs As Foundation for Collaboration Artifacts

RQ 2: DSL as a viable foundation for a collaboration in data 
engineering?

A DSL can be learned fast and shows improvements for data 
engineering by SMEs

Allows reuse of existing collaboration tools and workflows from 
software engineering

A text-based DSL is a viable middle ground for data engineering 
with SMEs
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Learnings for DSL Design for Data Engineering

RQ 3: Important considerations for a DSL used by 
subject-matter experts?

Expect improved correctness, not increased speed

Consistent pipes-and-filters structure helps understand, a 
syntactically separated pipeline overview is intuitive

Value types promising, but improve our implementation

Appropriate level of abstraction to users is a core challenge
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Future Work

1. Develop the DSL using the existing setup for empirical evaluation

2. Controlled experiments with data practitioners

3. Investigate open collaborative workflows for data engineering
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Thank you
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Encore!
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Cell Selection Syntax - Study Design

● Compare spreadsheet syntax (A5:B10) to numerical syntax (iloc, 

[0:5, 10:15]) for cell selection in 2D data

● Crossover design

● No qualitative part - no explanations for the effects ground in data
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Cell Selection Syntax - Tooling
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Cell Selection Syntax - Improved Correctness
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Cell Selection Syntax - Faster Code Creation
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Thank you again
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Sampling Model

Job Role Employer Type Project 
Type Data Domain Professional Open Data

Data Engineer Academic Civic Activism Government Yes Yes

Business 
Development

Business Data Product Regulated No No

Software 
Engineer

Nonprofit Scientific Scientific Both



53

Implementation Choices
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Demonstration
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Use in Industry
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Thematic Analysis
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Paper 3 - Figures/Tables

105



106



107



108



109



110



111



112



113



114



115



116



117



118

Validation – Effects

● Easier reuse, potentially 
easier collaboration

● Strongly enforced code 
structure guides 
development

● Approachability and relevant 
experience outside of 
software engineering

● Honorable mention: Use of 
ChatGPT (in 2023)
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