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General Motivation

= Increasing size of student classes in introductory courses

= Decreasing per student funds for employing teaching
assistants

- More grading work for teaching personnel
- Requires more efficient handling of assignments

= |Increasing percentage of students working remotely

= |Increasing expectations to support distance learning by
students

- Demand for online learning and grading tools
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Motivation in Database Courses

= Bachelor program has three database/information system
courses:

= Databases (Sem. 2): Conceptual modeling, Relational model,
Relational algebra, SQL, simple JDBC

= Information Systems | (Sem. 4): Normal forms, Internal database
organization, Transactions, Query optimization

= Information Systems Il (Sem. 5): Advanced JDBC, database
application programming
= Some parts of typical introductory course sequence are less
favorable for automated assessment
= Conceptual modeling
= Physical database modeling
= Transactions

- Use other topics (esp. SQL) for automated assessment
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Automated Assessment

= Very important topic in introductory sequence:
= Learn how to use SQL queries correctly and efficiently

- Employ automated assessment of SQL queries

= Why don’t we use a specific SQL teaching tool?

= Acceptance: Students do not want to use a different tool
In every course

= Efficiency: Using many different tools is not managable
for slim administrative unit

= Solution: Use a general purpose automated grading
tool and adapt it to SQL grading
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Classification of Related Work

= Related work can be roughly classified into following
categories:

= General purpose web-based course management tools
(,,CM tools™)

= Tools supporting learning of SQL with focus on
improvement of learning success (,,SQL tutors”)

= Specific tools assisting in automated grading of SQL
queries (,,SQL graders”)

= Some related work are borderline cases and fall in
between these categories
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Summary of Related Work

= Details on related papers are omitted here due to time
constraints

= Detailed listing with discussion can be found in the full
article in proceedings

- No usage scenarios of general purpose ,,CM tools” for
automated SQL grading have been reported yet
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General Ideas on Automated Grading of
SQL Queries

= |nitial idea:

= Execute queries submitted by students and compare
result with correct query

= Similar to black box testing
= Reveals partial answers for grading
= Black Box Testing alone is not sufficient:
= Basically only binary result possible
= Handling extremely inefficient queries impossible

= How to avoid trivial query submissions (particularly for
queries with ,simple” results)?

= No style grading possible
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Aspects of Automated Grading of SQL
Queries

= Following aspects of a submitted query have to be
combined in grade:

= Query efficiency
= Syntactical correctness
= Semantical correctness
= Correctness of result
= Query style
= Most of those can be assessed automatically
= Query style probably has to be assessed manually
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ldeas on Implementation of Concept (1)

= Syntactical correctness
Use database system internal query parser
Typically exposed to applications by database function
E.g. Oracle DBMS_SQL . PARSE procedure
Important: only parsing, no execution of query!
Binary result, tends to be perceived unfair
= Query Efficiency
= Use database system internal query optimizer
Typically exposed to applications by database function or
similar
E.g. Oracle EXPLAIN PLAN FOR <QUERY>
Reveals cost if query were executed
Has to be compared with cost of optimal query
= Definition of specific grading function necessary
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ldeas on Implementation of Concept (2)

= Semantical/Result correctness
= Only assessable if query is not considered harmful
= Can be computed with assistance of underlying database system

= Symmetric difference of correct and submitted queries should

be empty set:

SELECT * FROM (

(<STUDENT_QUERY> MINUS <CORRECT_QUERY>)
UNITON

(<CORRECT_QUERY> MINUS <STUDENT_QUERY>))

= Requires exact specification of desired result format!
= Tends to be perceived unfair by students
= Query Style
= No ideas on automated assessment so far
= Has to be judged manually if required

= May be used as , placeholder” component for other grading
aspects
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Specific Implementation Aspects

= Goal is to use a general purpose extensible web-based
course management and grading tool

= Decided to use WebCAT

= Typically used in introductory programming classes
employing the test-first approach
= Provides most general functions such as:
= User management
= Multitenant submission handling
= Course management functionality
= Automated and manual grading may be combined

= APl to implement user-defined graders for specific
requirements (supporting several grading steps)

= \Web-based GUI
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WebCAT at Work

Q Web-CAT: Automatic grading using student-written tests

Fhome | Submit | Results | Courses | Assignments JRSSRMO piug-ins |

I Enter Remarks Download Scores Submit for Student

Grade One Submission

IEEERIMEUE CS 101 ggmetifliing): Assignment 1 try #4

UGIGEN Carsten Kleiner (W}

il 03/07/09 04:16PM, 19 days, 14 hrs, 43 mins early
GGGl 89.0/100.0

[CIGrading complete? | Regrade Submission l [ View Other Submissions ]

Design/Readability: /10.0  <Awaiting TA>

Style/Coding: 44.0/45.0
Correctness/Testing: 45.0/45.0
Final score: g9.0/100.0 E

Position inclass: [ 1 | Show Graphs

Other

Ps= Methods Executed

& = Calculator.java 0 0.0 1 -1.0 100.0% [
@] = CalculatorReferenceTest.java 0 0.0 0 0.0 100.0% S

| Full Printable Report |

TA/Inshructor Comments
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Conclusion

= Motivated usage of general purpose web-based
course management tool for database courses

= Presented a general concept on automated
grading of SQL queries

= Presented initial implementation ideas of the
concept

= Briefly discussed usage of tool WebCAT for
implementation of the grading concept
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Future Work (1)

= Implement the required graders based on
WebCAT API
= Currently acquiring funds for implementation
= Recruiting of developers on-going

= Use the implemented graders in database courses
= May be possible initially in spring term 2010
= Experiments with:
= Implementation

= Different types of queries
= Different types of results and grading functions

= Gather feedback and ideas for improvement

Kleiner — A Concept for Automated Grading of Exercises in Introductory Database System Courses Page 21



= Fl _| Fachhochschule Hannover Fakultat IV — Wirtschaft und Informatik

University of Applied Sciences and Arts

Future Work (2)

= Improve grading concept
= Improve semantical correctness check by e.g. comparing
qguery trees
= May increase fairness of grades

= May lead to better assessment of queries with ,,simple”
results

= Reduces dependency on result format

= Improve syntactical correctness check
= May increase fairness of grades

= Develop ideas for automatically assessing style
= Extend concept

= Include other aspects of SQL (DML, DDL)
= Include other general topics in database systems
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Thank you for your time!

= Questions?
= |ssues for Discussion?

Carsten Kleiner
University of Applied Sciences&Arts Hannover
Faculty 1V, Department of Computer Science

Germany

Kleiner — A Concept for Automated Grading of Exercises in Introductory Database System Courses Page 23



