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Research Questions

RQ 1. What are the features of a support-ticket model to best 
describe a customer escalation? 

RQ 2. Can ML techniques that implement such a model assist in 
escalation management?
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Results!

Context-based features from the perspective of the 
customer can capture elements of escalations 

 
Yes! Machine learning applied to support ticket  

data can predict customer escalations
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Methodology

Design Science Research
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RQ1: Problem Characterization

Ethnographic 
Exploratory 

Study

Interviews

On-Site 
Observations

Group 
Brainstorming
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Related Work

Customer 
Relationship 
Management

Support Ticket 
Automated 

Categorization

Escalation 
Prediction 

(Bruckhaus & Madhavji)

Feature 
Engineering
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Feature Engineering

Support Analysts 
know their 
Customers

Feature Engineering Facilitates 
the Transfer of Domain-
Specific Knowledge
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RQ1: Support Ticket Model Features

Basic 
Attributes 

• Number of Entries
• Days Open
• Escalation Type
• Support Ticket Ownership Level

Customer Perception 
of Time 

• Time until First Contact
• Average Support Response Time
• Difference in Average vs Expected Response 

Time
• Days Since Last Contact

Customer Perception  
of Process 

• Number of Support people
• Number of Increases in Severity
• Number of Decreases in Severity
• Number of Sev4/Sev3/Sev2 to Sev1 

Transitions

Customer 
Profile 

• Number of Closed Support Tickets
• Number of Closed Escalations
• Escalation to Support Ticket Ratio
• Expectation of Support Response Time
• Number of Open Support Tickets
• Number of tickets opened in the last X months
• Number of tickets closed in the last X months
• Number of Escs opened in the last X months
• Number of Escs closed in the last X months
• Expected support response time given the last X 

months17
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RQ2: Machine Learning Model

Data 
Processing Training Testing Interpreting 

the Results

2,500,000 Support Tickets 
10,000 Escalations

Random Forest 
Model

90/10 Split Each

10-Fold Cross 
Validation

Confusion Matrix

23



RQ2: Machine Learning Model

Precision 
1.65%

Recall 
79.94%

Accuracy 
80.49%

Summarization 
80.79%

Actual Total
Predicted as

Escalation - No Escalation - Yes

Escalation - 
No 2,557,730 2,072,496 (TN) 

81.03%
485,234 (FP) 

18.97%
Escalation - 

Yes 10,199 2,046 (FN) 
20.06%

8,153 (TP) 
79.94%
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Model Evaluation 1

In-depth Analysis of Model 
Behaviour

2 Hour Review of Escalations 

Graphing Escalation Risk for Support Tickets
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Model Evaluation 2: ECrits Tool
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Model Evaluation 2: ECrits Tool
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Conclusions

1. Machine Learning can be used to predict escalations against 
at-risk support tickets 

2. Feature Engineering can capture and harness the knowledge 
of Support Analysts 

3. Design Science is a useful methodology when undertaking 
the complex task of conducting research with industry
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Future / In-Progress Work

Addressing the 
new features to 
be engineered

Implementing a 
Baseline with no 

feature engineering

Implementing 
alternate Machine 

Learning algorithms

Working with 
support ticket 

text

Full 
Implementation 

with IBM's 
Ecosystem
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Extending the Research
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Improved Algorithm
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Improved Features
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Improved Results

Precision 
1.65%

Recall 
79.94%

Accuracy 
80.49%

Summarization 
80.79%

Actual Total
Predicted as

Escalation - No Escalation - Yes

Escalation - 
No 2,532,745 2,242,064 (TN) 

88.52%
290,681 (FP) 

11.48%
Escalation - 

Yes 9,536 1,205 (FN) 
12.64%

8,331 (TP) 
87.36%
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Precision 
2.79%

Recall 
87.36%

Accuracy 
87.94%

Summarization 
88.23%



Comparison to Baseline
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Research Questions
RQ 1. Are the emotions of customers significantly 

different during support tickets that escalate versus 
during support tickets that do not escalate? 

RQ 2. Are the trends in the emotions of customers 
significantly different during support tickets that escalate 

versus during support tickets that do not escalate? 

RQ 3. Can these differences in emotions be utilized to 
assist support analysts in understanding which customers 

are likely to escalate their support tickets?
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Watson Natural Language Understanding
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Tendency
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Difference Testing: NLU Emotions
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Difference Testing: NLU Emotions
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Difference Testing: Tendency
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Difference Testing: Tendency
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Preliminary ML Results
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Preliminary ML Results
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Suggestions?
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