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A Homework Problems Database:
Design and Implementation

Abstract

An implementation of a homework problems database is explained. The database allows
instructors to categorize problems using several criteria including subject matter, required skill
set, difficulty, and the date the problem was last used. The problem solution is also stored
reducing the effort to produce an assignment key. The design and implementation of the
database is given and assessment of its usefulness is provided.

Background

The homework problems database was developed for CEE2120 (Civil and Environmental
Engineering Computer Applications), which is a sophomore-level course required of all civil and
environmental engineering majors. Students become proficient using Excel and MathCAD, and
are introduced to RISA 2-D, AutoCAD Land Desktop, and Microsoft Access. The course is 3
credits, and students describe the course as one of the most work-intensive yet useful classes that
they take. The Fall 2005 Learning Objectives for CEE2120 are provided in the Appendix.

The Need

When teaching students to use computer applications in engineering, several complications arise
in the assignment of homework problems. Because the assignments are completed (and often
turned in) in electronic form, the opportunity to plagiarize students’ work from previous
semesters is easier than in most other courses, increasing the temptation to cheat. In order to
reduce this temptation, we sought to produce some new homework problems (typically one per
assignment) each year and minimize the number of homework problems that are used in
consecutive semesters. After several years of teaching, this has led to a vast repository of
homework problems. We also had the goal of providing problems in various civil engineering
disciplines so students can solve various problems in different technical disciplines. Organizing
the problems (which were stored by assignment as word-processing files) and tracking their
previous usage became a daunting task. To facilitate our efforts, a database was developed
(using Microsoft Access) to store the problems.

The database is now in use and has simplified the creation of homework assignments. The
design of this database, its advantages, and usage issues we have encountered will be the focus of
the paper. Assessment includes reflection by the instructors who have used the database.

Objectives
The objectives of this project were to create a homework problems database that:

= Organizes more than 300 problems into an easily-retrievable format,

= Allows the instructor to create homework sets efficiently,

= Allows the instructor to create homework sets that are unique from sets created in
previous semesters,

= Allows the instructor to create homework sets that focus equally on the various sub-
disciplines of civil engineering, and

= [s easily updated.
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Database Design

The main table of the homework problems database is the “Problem” table, which is illustrated

with its relationships to other tables in Figure 1. The design of the database allows the
following:

e FEach problem can have an author (linked to a separate author table using the
Author ID field) and creation date (Date Created field).

e Some problems are stored in a text format, which can be specified with the
Text Format field. Possible formats in our implementation are LaTeX and plain
text with the actual problem text stored in the Problem Text field.

e The majority of our problems, however, are in “binary” form (Microsoft Word
documents) and these are stored in the Problem Binary field using an OLE
Object data type.

e The Discipline ID allows us to assign the problem to a specific engineering

discipline (or sub-discipline, e.g., Structural Engineering, Geotechnical Engineering).

e Notes for future reference about the homework problem can be stored in the Notes
field.

e The instructor can assign a level of difficulty (D1 fficulty field) and the estimated
time length required to complete the problem (Length field).

e The Parent ID field links to another Problem record, and is a means to track
permutatians of a problem.

e The problem solution is stored in the Key field, which is an OLE Object data type. The
Key field might contain a spreadsheet page with the solution worked out, for
example.

e FEach problem also includes a one line summary (Summary field) that is useful for
reports.

Note that all the relationships with other tables illustrated in Figure 1 are one-to-one. This
decreases the flexibility of the database (only one author and one engineering discipline can be
specified per problem), but it makes the data simpler to manage.

Pro
e
jia]
m Author_ID
b Date_Created First
m | Text_Format MI
Format Problem_Binary Last
—_ Discipline_ID Institution
m Notes
. Difficulty
f Length
D Parent_ID
Level Key
Summarty Description
Problem_Text

Figure 1 - The problems database table with other “related” tables.
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In addition to creating “Problem” records, we also sought to be able to track problem usage by
assignment. An obvious advantage to this is the ability to determine how frequently a problem
had been used in previous semesters and when it was most recently used. This required a many-
to-many relationship (since each assignment could have multiple problems and each problem
may have been given in multiple assignments in different semesters). To track problem usage by
assignment, a “linking table” was used as illustrated in Figure 2. Another many-to-many
relationship was required for the concept(s) covered by a problem. A homework problem will
typically have more than one concept (or lesson objective) that is covered. To accomplish this,
another linking table was used similar to the one shown in Figure 2.

Prok .
* Assignment_ID
D — |Problem_ID

Author_ID
Date_Created
Texk_Format
Problem_Binary
Discipling_I0 Lecture_Subject
Motes ————————
Diifficulky
Length
Parent_ID
Key

Surnmary
Problern_Text

Figure 2 - Creating assignments with problem records.

Database Implementation

Because many different instructors will be using the database, a user interface was created to

allow fast access to reports and data-entry forms. The main interface for the database can be
seen in Figure 3.

ﬂ

‘ Problem Database |

{Add or Modify Probiemsi
Assignments
view All Problems

’rProblem Reports

By Author | Ey(nn[eptl EyD\stlpllnEl

Exit

Figure 3 — Main database user interface.

A form was also created to facilitate the creation of new problems. An example is shown in
Figure 4 for a problem that is to be solved using Microsoft Excel. Note that:
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¢ Both binary (Microsoft Word) and LaTeX versions of the problem statement are
included.

e Multiple problem concepts can be selected.
e Notes allow communication with future instructors.
e The previous years in which the problem was assigned are shown.

BES CEE 2120 Problem Database .

=lolx]

‘ Problem Database

MNew Problem Close

14 Author |Matthew _._I Date Created I 08/09,/2005 Length [rir: | 30 Summary [Brief description for reports]

Discipling  [Enviranmental [= | Drifficsuilby: iMedium =] |t "actual’ values.

Froblem in Microzoft ‘word [binary] Format:

Calculate thearetical concentration in a lake and cormpare

Record: I<| 4 || 34k |H I}*l of 276

i . - Motes [General notez on effectiveness, suggestions, etc. |
A pollutant was spilled into alake Based on the amount of pollutant and the size and it oS et he data should be changed sach tims the
the lake, the concentration of the pollutant was expected to decrease over titne accordinig |problem is used.
following equation:
- -kt . - . .
= CDE? where 15 the initial concentration in mg/L and ¢ 15 the ele
Atthislake, 1z 63 mg/L and kis 0.002 hr!
Students at a college near the lake took samples to measure the concentration at vari Concept(s) -
Their data are provided below: P [Basic Formatting (Excel) ]
Entering Equations (Excel) =1
Time  Conc ¥ =i
days mgil
5 a1
Key
Ca= 75 mogll
k= 0.003 hr'
Measured Theoretical z
Time| Concentration Concentration % Diff
(days)  (my/l) (my/L) (%)
i i) 593 32 Add Mew Concept
2 55 54.9 0.1
3 55 G0.4 a.0
s A awic] 44 Assignment (Year Term HW#) -]
Optional Test Format [e.g., LaTex)] Format:  [LaTex = » =005 -
2 pollutant was spilled into a lake. 2004 = |
Based on the amount of pollutant and the size and characteristics of the lake, the concentration of the * =
pollutant, $C_p$, was expected to decreaze over ime according to the following equation: m— -
b4
YC_p=C_0e ki
4 e
where $C_0% iz the initial concentration and $t§ iz the elapszed time. st
Ak thiis lake, $C_0% iz (Cirit~ma/L and k iz {\kFactor~hrisps{-1),
Students at & collzge near the lake took samples to measure the concentration at various times. Their data
are provided below: Add New Assignment
“MeasuredT able WA
#
mqoL:[fnpu.rffndfr:ei’f:t.?l}t:?.ffﬁir:ﬁ;fifrliii'ii”:':mi‘idS and unitz], and then recreate the table of data. Frablem ID [Automatically Assigned] i

Figure 4 - Form for inputting problem information.

The database was created and populated over Summer 2005, and used for the first time in Fall
2005. At the beginning of the semester, the instructor teaching the course printed out a report
summarizing all available problems, sorted by concept, and including the problem number and

problem summary. A small portion of this report is shown in Figure 5. When creating
assignments throughout the semester, the instructor was able to page through the report to

the
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desired concept(s), find the problem number of appropriate problems, and then enter the database
to quickly find and copy the problem statements and solutions. When accessing and copying
problems, the instructor could easily see which civil engineering disciplines were being covered,
and what the approximate problem lengths and difficulties were, allowing the instructor to easily
build suitable assignments. Also, the instructor could determine desired features of new
problems.

Problem Summary Listed By Concept

3D Spreadsheets

[#284] Retriewe stock market information for WY3E and Masdag

[#283] Create summary grading tahle

[#193] Steel lookup table with extra credit for vsing MATCH and INDEX

[#194] FHWA driver data; wlookup

[#193] Create aform sheet for an engineering problem

[#1] Layoutthe floor plan of the stadents appartment.

Access Database

[#325] Exam 2 Partl - access query

[#324] Exam 2Part] - accesstenms

[#323] Exam 2 Partl - accessterms

[#200] Create a query and a report for a database

[#299] Create a database

[#298] Design the layout of a database (describe tables and fields)
Basic Formatting (Excel)

[#72] introductory problem
[#1] Layoutthe floor plan of the stadents appartment.
[#166] Import a housing informati on file and sort.
[#264]) Import and format a file with state populati ons.
[#79] Parachnte Problem - relative and abszolute cell references
[#261] Find-walues of some functons in variables w, x, ¥, and z (Liengme p. 34, #1).

Figure 5 — Segment of problem summary report.

Assessment

The database was useful for accessing existing problems. To keep the database current, however,
it is necessary that when an instructor creates a new assignment, the problems used in the
assignment are linked to a new assignment record. This linking could be done either when
initially copying the problem, or after the entire assignment is built. One disadvantage to this is
that if the instructor builds an assignment and then later decides to remove a problem, the
database will be corrupted in the sense that the problem will still be linked to the assignment.

The database also added some extra time to the creation of new homework problems. Each new
problem must be added to the database. While this was not difficult or particularly time
consuming, it did add one more step to creating an assignment.
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The organization and flexibility of a database made it ideal for this task. Nevertheless, some of
the features of the resultant database did cause some inconvenience. The database, containing
over 300 problems and solutions, was over 60 MB. This large size made it unwieldy to use over
the shared network drives, requiring the user to store it on a hard drive on the local desktop.
When two instructors are teaching and using the database the same semester, this will create a
challenge. A client-server application or a web-based database would mitigate this problem.’

One feature of Access which caused minor issues is the problem numbering. When using
autonumbers in Access, each problem ID is automatically assigned. If a problem is deleted, the
ID number is also deleted, resulting in gaps in the ID numbers. However, when using record
numbers to find problems, the record numbers do not have gaps. Therefore, ID numbers and
record numbers are not the same (see Figure 6), and the difference between the two numbers
changes as problems get deleted. This difference can cause some difficulty in finding problems
later on, as the reports list the Problem ID, not the record number.

|‘;Measmed'rable W Froblem ID (£ icalpﬁ\ssiww@
Record: 14 4 | ﬁﬂm of 276
N

Figure 6 — Problem ID and record number for a particular problem. Note that the record
number (34) differs from the Problem ID (37) because previous problems were deleted.

One bug was found in Access which affected the appearance of the forms. When moving from
problem to problem, portions of previous problems would frequently remain visible as shown in
Figure 7. We have called this failure to clear the form of previous problem information
“shadowing.” This did not affect the data stored, and the problem text and solution were still
assessable, but it could sometimes make viewing the problems difficult.

The database solved the specific problems we initially identified, and made tracking the usage of
homework problems much easier. Overall the database did work as intended. Creating varied,
appropriate homework assignments was efficient. The problems caused by the database did not
outweigh the time saved by using the database.

Also, an automatic assignment generator, in which the instructor could just select the problems
and the assignment files would be automatically built, would be extremely useful. Since an
automatic assignment generation feature is not available at the current time, it was necessary to
copy and paste the problem statements and solutions into new Word, Excel, or MathCad files.

Overall, based on the evaluation of instructors, using the database was an efficient way of
creating varied, appropriate homework assignments, leaving the instructor more time to spend
making up new problems to fit the gaps left by the selected problems.
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Prablem in Microsaoft waord (binary] Farmat: !

n - . - Motes [General notes on effectiveness, suggestions, etc.]
Create a macro using the shortout ctrl-A (otrl -shift-a) that will insert a new line & [The kep is based on a macio, there s no data,
the spreadsheet. In the A1 cell will be your name in bold with a 12-point font. |
line (in other cells) will be the course name and your professorin 12-point font
bel ow for an example.
A ¢ Do E F & i
1 Peter Smith Computer Applications  Dr. Roberts Concept(s) =
g B [Basic Formatting (Excel) =
Macros B
[l £
L M=0| cd
f
T Add New Concept |
bk ‘
: il X . Assignment (Year Term HW¥) -
0y rienes Reaan | | e J'I ]
* -

Figure 7 — A particularly egregious example of problem shadowing.

Future Work

Future additions to the database include automatic assignment generation. This would allow an
instructor to select the problems for a problem set, generate an assignment sheet for a word
processor, and possibly even create the key for the assignment. The user interface will also be
improved to allow easier problem creation and database maintenance. A client-server
architecture would also help when multiple instructors teach the course in the same semester.
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