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Scant Support For Learning 
Relational Query Processing



The Popularity of Data Science & AI
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The Changing Landscape of 
Learning

https://www.getsmarter.com/blog/career-advice/why-
its-important-for-corporates-to-encourage-lifelong-
learning/
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Question 1



Core Topics of Relational Query 
Processing

Topics 
• Set of physical operators
• Query processing models
• Selection of query execution plans
• Cost estimation of a query plan

Modes of Learning 
• Seminars, lectures
• Textbooks, online resources
• Off-the-shelf RDBMS



Is Understanding Query Execution 
Plans (QEP) a Challenge?

Sem Y: 

Class size: 162

Avg score: 7.4/10

Sem Y+1: 

Class size: 359

Avg score: 7.1/10



Is Understanding QEPs a 
Challenge to Learners?

Common Mistakes 
• Incorrect ordering of steps
• Use relational algebra
• Writing SQL query
• Lumping several steps into single step
• Exclude filtering conditions in scan
• Missing intermediate relations
• Unclear specification of physical operators
• Attempt to describe implementation of various operators



Understanding Alternative Plan 
Choices Made By DBMS

Sem Z: 

Class size: 188

Avg score: 5.1/15

Only 7.4% score 8 and above

Plan A

Plan B



Understanding Alternative Plan 
Choices Made by DBMS

Common Mistakes 
• Missing role of index scan
• Missing the possible impact 

of join ordering
• Explanation missing
• Incorrect justification w.r.t.

the type of join operator



The Cost Estimation Challenge 
in Learning

Sem Y+1: 

• 55% students scored 

less than 6/10

• 2/359 students got 

the cost estimation 

correct



The Cost Estimation Challenge 
In Learning

Common Mistakes 
• Incorrect cardinality estimation of intermediate results
• Incorrect I/O cost of certain operations
• Inclusion of main memory cost

DBMS Learners
Incorrect cardinality estimation Incorrect cardinality estimation

Deep learning-based techniques How to facilitate “deep” learning?



Limitations of Learning Modes

Textbook, lectures 
• Limited, hard-coded example problems
• Typically deals with simple SQL to illustrate concepts
• Not interactive
• You cannot learn about any SQL queries!

Off-the-shelf RDBMS 
• For enterprise users
• Not designed for pedagogical support 



All We Can Get from an RDBMS 
(Easily)….



Observations About Learners in 
Traditional Learning Environment

Learners in traditional settings 
• Largely extrinsically motivated (e.g., getting good grades).
• Learn-by-example.
• Avoid exhaustive online search for resources and examples.
• Prefer slide decks and videos over textbooks.
• Limited by time due to concurrent courses.
• Massing vs spacing.



Question 2



Memory

Memory is generally thought to be divided into three stages of processing

Memory 
• Takes meaningless sensory information (e.g., sound of 

professor’s voice) as input
• Changes it into meaningful patterns (words, sentences, 

concepts) you can store and use later.



Basic Tasks of Memory
• Memories for concepts usually require 

deliberate encoding effort to establish a 
usable memory

• Elaboration
Encoding

• Retention of encoded material over time.Storage

• Retrieve encoded memory accurately by 
exploiting good cue to access the 
information

Retrieval
Successful retrieval depends on how they were encoded and how they are cued.



How Do We Form Memory?
Major obstacle for students trying to 
process and remember large amounts 
of information from a lecture or textbook

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson Education, Inc., 8th Edition, 2016.



Components of Long-Term 
Memory (LTM)

Concepts related to 
relational query 
processing

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson Education, Inc., 8th Edition, 2016.



Biological Basis of LTM

Hippocampus and 

amygdala are crucial to 

laying down new

declarative memories

• Memories gradually 

become more 

permanent with the 

help of the 

hippocampus.

• Memory consolidation.



“Seven Sins” of Memory

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson Education, Inc., 8th Edition, 2016.



Level-of-processing Theory

Lessons from Psychology 
• The more connection you can make in working memory 

between new information and knowledge you already have, 
the more likely you are to remember it later

Level-of-processing Theory
• Craik and Lockhart (1972)
• “Deeper” processing establish more connections with LTM 

making new information more meaningful and memorable

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson Education, Inc., 8th Edition, 2016.



How Do We Facilitate Deeper 
Processing?

Elaborative Rehearsal
• Putting concepts into your own words
• Adding examples that illustrate the concept – a type of 

elaborative rehearsal

Multi-modal interactions
• Multiple modes of interactions with the course material help 

to build a greater web of associations into which a memory 
is embedded.

• Learning theories: Learners learn better when the same 
content can be approached in multiple ways - both visual 
and verbal, as well as through hands-on learning.



Memory Consolidation –
Biological Basis

Biological Explanation
• New experiences consolidate much more rapidly (through 

hippocampus) if they are associated with existing memory 
schemas

• Why elaborate rehearsal and depth of processing help us to 
create more lasting memories



The Role of Stress
Release stress hormones in the brain, 

which act on the amygdala and 

hippocampus to strengthen the 

emotional memory of the event.

Remember how stressful DB course is 

instead of the concepts JJ

Expectancy-Value Theory 
If a task is too difficult or easy to 
complete then one may not 
engage with it.

Flow Theory 
A psychological state where a learner is intrinsically motivated to learn.
Task is neither too easy or too difficult.

P. Zimbardo, R. Johnson, V. McCann. Psychology Core Concepts. Pearson 
Education, Inc., 8th Edition, 2016.



Limitations of Traditional Modes

• Lesser web of association  forming in 

long-term memory.

• Limited hard-coded examples

• Limited modes of 

approaching a  content

• Processing a large amount of 

lecture and textbook content

• Bottleneck of working memory.

• Impacts encoding and storage.

• Stress due to massing, 

difficulty of accessing content

• Impacts memory consolidation in 

LTM.

• Expectancy Value Theory

• Flow Theory



Question 3: Towards 
Technology-Enabled Learning



Broad Goals

Interactive  

• Multi-modal, interactive mode

• Unlimited on-demand examples to facilitate elaborative rehearsal

• Create more web of connections 

Easy

• Reduce difficulty in accessing information and content

• Facilitate operant conditioning through negative reinforcement

• Facilitate Expectancy value and flow theories

• Reduce stress

Understand

• Understand learning of learners through interaction data

• Feedback loop to improve pedagogy



Enhancing Learning Through 
Involvement

“Tell Me and I Forget, Teach Me 
and I May Remember, 
Involve Me and I Learn.”

Benjamin Franklin



What Learners Think Of Tools to 
Augment Learning?

Sem X: 

Respondents: 47



Understanding QEPs



Challenges

Large QEP->NL training data is infeasible 

Rule-based generation may create 
boredom

Should be generalizable w.r.t. application 
domain and RDBMS



NEURON & LANTERN

https://howardlee.cn/lantern/

• NEURON: Query Execution Plan Meets Natural Language Processing For Augmenting DB Education. Siyuan Liu, Sourav S Bhowmick, Wanlu Zhang, Shu 
Wang, Wanyi Huang, Shafiq Joty. In SIGMOD, 2019

• Towards Enhancing Database Education: Natural Language Generation Meets Query Execution Plans. Weiguo Wang, Sourav S Bhowmick, Hui Li, Siyuan 
Li, Shafiq Joty, Peng Chen. In SIGMOD, 2021.

• LANTERN: Boredom-conscious Natural Language Description Generation of Query Execution Plans for Database Education. Peng Chen, Hui Li, Sourav 
S Bhowmick, Shafiq R Joty, Weiguo Wang. In SIGMOD, 2022.



User Feedback: Which query 
plan format is most preferred?

• 43 students volunteered 

for the survey (2020)



Impact of NEURON: When the 
Rubber Meets The Road

Sem X: 

Class size: 166
• 41.5% used it

• No. of queries vs the 

number of distinct 

learners who posed 

that number of queries

• More than 85% of 

them posed more than 

one query

Sourav S Bhowmick, Hui Li.  Towards Technology-Enabled Learning of Relational Query Processing. IEEE Data Engineering Bulletin, IEEE CS, September 2022



Test Performance

Avg: 8.43

Max: 10

Min: 6.5

Median: 8

Avg: 7.07

Max: 10

Min: 0

Median: 7.5

NEURON 

users

NEURON 

non-users

No. of students: 162 



What-If Queries on QEPs

Students’ Questions 
• What is the impact on cost if operator A (e.g., hash join) is 

replaced by operator B (e.g., nested-loop join)?
• What will be the impact on cost if a specific join ordering is 

changed?
• What if the plan uses the index/sequential scan operator?



MOCHA
https://howardlee.cn/mocha/

MOCHA: A Tool for Visualizing Impact of Operator Choices in Query Execution Plans for Database Education. Jess Tan, Desmond Yeo, Rachael Neoh, Huey Eng Chua, Sourav 
S Bhowmick. In VLDB, 2022.



Exploring Alternative Query Plan 
Space



Alternative Query Plans (AQPs)
Alternative Query Plans 

• Given an SQL query, there are many different query plans, 
other than the QEP, for executing it. 

• Alternative query plans (AQP)



Challenges

Which plans are informative to learners?

How do we compute plan informativeness?

How do we design efficient algorithms?



ARENA
https://dbedu.xidian.edu.cn/arena/

QEP

AQPs

# of plans

ARENA: Alternative Relational Query Plan Exploration for Database Education. Hu Wang, Hui Li, Sourav S Bhowmick, Baochao Xu. In SIGMOD, June 2023



Test Performance

Avg: 8.24 Avg: 7.76

ARENA users 

(Gp 2)

ARENA non-

users (Gp 1)

No. of students: 50 

Avg: 6.04 Avg: 4.12



What’s Next?

Cost estimation of a query plan

How can learners converse with a 
query optimizer to aide learning?

Data-driven education



Learning Cost Estimation -
Challenges

Extract cost computation formula for subtrees

Connecting with textbook knowledge

Explainable and generalized approach



TRUSS System

Sourav S Bhowmick, Hui Li.  Towards Technology-Enabled Learning of Relational Query Processing. IEEE Data Engineering Bulletin, IEEE CS, September 2022



Conversation with TrussBot



Towards Data-driven Education

Interaction 
Log

• Access time, duration, queries, interactions
• Analyze and correlate with academic outcomes

Insights

• What challenges they are facing?
• Learning preferences
• Massing vs spacing

Effectiveness

• Elaborate rehearsal and level-of-processing theory
• Any correlation between engagement of a platform and 

performance?



Do We Care About Disabled 
Learners?

DBMS for Whom? 
• Primarily for able-bodied end users
• No systematic research on designing data management 

products for disabled users 

DEI Matters! 
• Diverse learners in lifelong 

learning environment
• How can we facilitate learning 

for disabled learners? 

https://www.henkel.com/company/diversity-and-inclusion



How Do They Learn?
ASD/ADHD 

• Autism Spectrum Disorder (ASD) and Attention Deficit 
Hyperactivity Disorder (ADHD)

• Face cognitive and behavioral challenges
• Classical mode of learning may be inadequate
• Visual thinkers and learners are common among ASD

Understanding Learning 
• Differential understanding of adult brain network and how 

it impacts learning.

Visual Tools That Can Help People With Autism Learn and Thrive. https://www.verywellhealth.com/visual-thinking-and-autism-5119992, 2021.



How Do They Learn?

• Left amygdala is hypo-activated in ASD across all tasks combined. 
• Amygdala has links to many other brain structures - impacts cognitive processes 

such as memory formation, decision-making, and attention.



DB Researchers Needs to Break Out 
from the Enterprise Jar

How can technology 

supplement learning of 

database technology?

Beyond enterprise users

Implications to data 

science and data 

management education



Efforts on Query Visualization
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