
Collaboration Challenges in Building 
ML-Enabled Systems: 

Communication, Documentation, Engineering, and Process

   ICSE 2022        Technical Track 1

Nadia Nahar* Shurui Zhou Grace Lewis Christian Kästner



Machine Learning (ML) Component

2



ML-Enabled System

User Interface

...

Storage

Photo 
Upload

Manage/ 
Crop Photo

Photo 
Tagging

Detect 
Face

3



Management

Multiple Teams Collaborating Together

Model Team Product Team

Domain Experts
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Research Question

“What are the collaboration points and corresponding 
challenges between data scientists and software 

engineers in building ML-enabled systems?”
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https://venturebeat.com/2019/07/19/why-do-87-of-data-science-projects-never-make-it-into-production/

Collaboration Problems
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https://builtin.com/machine-learning/why-do-machine-learning-projects-fail

Mismatch in Assumptions
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https://dzone.com/articles/top-10-reasons-why-87-of-the-machine-learning-proj

Different Ways of Working
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     Frustrations shared in Twitter…
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Research Question

“What are the collaboration points and corresponding 
challenges between data scientists and software 

engineers in building ML-enabled systems?”
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Conducted 
45 interviews in 
28 organizations
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Qualitative Research

Step 1: Scoping and interview guide

Step 2: Interviews

Step 3: Triangulation with literature

Step 4: Validity check with interviewees
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Example Visual Analysis
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14Communication Documentation Engineering Process 

Collaboration Points Themes
Requirements and Planning

- Product and Model Requirements

- Project Planning

Training Data
- Negotiating Data Quality and Quantity

Product-Model Integration
- Responsibility and Cultural Clashes

- Quality Assurance for Model and Product



Collaboration Point: 
Product and Model Requirements

Different patterns around different organizations.

Let’s talk about two example orgs.

Model TeamProduct Team
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 Org. A: Fraud Detection in Banking Software
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Problem: Lack of ML Literacy Leads to 
Unrealistic Requirements
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Product Team Model Team1 2
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Problem: Need Data Scientists to Set Correct 
Expectations
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Communication: Lack of ML literacy leads to unrealistic 
requirements

Documentation: Product requirements are often not 
translated into clear model requirements

Communication Documentation Engineering Process 

Involving data scientists early when soliciting product 
requirements

Adopt more formal requirements documentation for 
product and model



 Org. B: Develop OCR for Local Language
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Model-first 
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Problem: Model Team Needs to Educate 
Client on ML (Less Impact)
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Problem: Less Focus on Entire Product 
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Communication: Model team needs to educate client on ML

Process: Pursuing a model-first trajectory entirely without 
considering product requirements is problematic

ML literacy for customers and product teams: conducting 
training sessions

Emphasis on collaboration during requirements phase, 
more research on process needed

Communication Documentation Engineering Process 



24Communication Documentation Engineering Process 

Collaboration Points Themes
Requirements and Planning

- Product and Model Requirements

- Project Planning

Training Data
- Negotiating Data Quality and Quantity

Product-Model Integration
- Responsibility and Cultural Clashes

- Quality Assurance for Model and Product



Collaboration Point: Training Data

Again different patterns around different organizations.

Data TeamModel Team
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Product Team



Three Collaboration Patterns Around Training Data
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In-house DataProvided Data

External Data - i) Public, ii) Hired



 Org. A: Fraud Detection in Banking Software

Product Team Model Team1 2

Data Team

Management

Comes up with 
product req.

Discuss 
model req.

3

Interact for 
training data

27

In-house 
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Product Team Model Team1 2

Data Team
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Problem: Data Access Challenges Due to Power 
Dynamics



Product Team Model Team1 2
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product req.
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model req.

3 Interact for 
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Problem: Little Help with Data Understanding
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Communication: Data Access Challenges Due to Power Dynamics

Process: Little Help with Data Understanding

Documentation: Absence of Data Documentation

When planning the entire product, it seems important to 
pay special attention to this collaboration point. 

Engineering: No Infrastructure to Handle Change in Data

Communication Documentation Engineering Process 



31Communication Documentation Engineering Process 

Collaboration Points Themes
Requirements and Planning

- Product and Model Requirements

- Project Planning

Training Data
- Negotiating Data Quality and Quantity

Product-Model Integration
- Responsibility and Cultural Clashes

- Quality Assurance for Model and Product



32

Define processes, responsibilities, and boundaries more 
carefully

Document APIs at collaboration points between teams

Recruit engineering support for model deployment, 
monitoring, data validation, etc. 

Establish a team culture with mutual understanding and 
exchange

Communication Documentation Engineering Process 



Summary
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