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Thisisareport of adesign project to incorporate automated grading of Excel homework
assignments in an engineering economy course. The instructional faculty wished to (1) reduce
the amount of time spent on grading and at the same time (2) improve the quality of grading and
(3) reduce the lag time in providing feedback of results to students.

A grading system, somewhat unimaginatively named Grader4, has been used for several
semesters [1]. Student reaction to the system was generally positive. Since then, additional
development work has been done from the standpoint of the instructor’s use of the system. This
paper is areport on the design project to develop a grading system to be used for batch grading of
assignments.

Objectives

The major objectives of the design project were to maximize the instructor homework grading
productivity and accuracy. Much of the work has involved improving the usability of the system:

Optimizing the amount of relevant information provided to the instructor.
Providing information in an intuitive and naturally understandable manner.

At the same time, streamlining the information flow sothe instructor does not need to
deal with details that could be automated.

Allowing the instructor to personally assign a grade and comment for each student
assignment (the system provides information but does not assign grades).

Allowing the instructor to handle large numbers of homework assignments effectively.
Along thisline, significant amounts of other work has been done to incorporate computer
based problem solving, with the objective of serving more students without degradation
of the student learning experience. [2]

These goals are consistent with published objectives [3] of asimilar, commercia grading
program: provide practice in problem solution, save class time for more important
activities and have students better prepared for class, among others.

To resulting system will be described by reviewing the steps necessary to grade a homework
assignment. Design considerations are addressed at appropriate points in the description.
Example

The operation of the Grader4 system will first be illustratedby a simple example. First, the
student downloads a datafile for an assignment. The problem statement is contained in the course

textbook. This analysis requires comparison of the future costs of two ways of paying for athree
year magazine subscription, $80 now or $30 at the end of each of three years.
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Second, the student completes the solution in the same file. The students have a great deal of
latitude in finishing the spreadsheet. No one particular approach or format is required. This
particular student has chosen to make two tables to track virtual accounts that would hold the
given amounts of money and compounded interest, one for each option. Other approaches could
be used. Thisfile is then submitted for grading. [Note that this spreadsheet cortains an error. The
$80 three-year fee has been placed at the end of year 1, not year 0.]
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Third, the instructor grades the file.
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Grader4 checks both the absolute answer against akey, and also investigates the integrity of the
logical model underlying the solution. In this case, Grader4 has determined that both the answer
and model for the annual payments are “OK.” However, it has detected that the answer and model
are “Suspect” for the other plan. The error in the model logic is reported in termsof the data items
that appear to be handled improperly. Here, the “P” and “i%" values are both “ Suspect.” This
indicates that the incorrect expression (or series of expressions) use these two data items. Other
possible reported errors include “Missing effect” and “Unexpected effect.”

Grader4 a so presents the class grade sheet for the section (on the right), with the appropriate
student and assignment selected. Grader4 aso checks for due date and for the assignment already
being submitted.

Grader4 does not assign grades. It helps the instructor assign grades, pointing out errors. The
instructor enters a grade, along with an optional comment (in the upper left corner of the figure.)
The grade is added to the grade sheet and the grade and comment are appendedto the student file.

The instructor, in this case, can mark the assignment as wrong and ask that it be resubmitted, or
track down the error, using the “Results’ section of the above figure as a guide. The student
spreadsheet and the grade sheet are both “live” Excel files and can be investigated and
manipulated as any Excel file.

Files

Instructors assign homework problems to be solved on Excel spreadsheets. Students download a
data file for each spreadsheet; complete the solution and turn in the result. Design objectives
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include the ability to turn in assignments remotely. Security is also important; students should
expect their files will arrive in a safe and timely manner, and instructors should expect that
complete, non-corrupted files be received by the assignment deadline.

The Grader4 system allows students to transfer files to a course account on the university network
server. Protections on the directory alow studentsto list file directories. However, students
cannot view any file contents or have any other access to the files. They cannot overwrite files
with another file of the same name. Currently, students can turn in files from any university
computer connected to the network. These precautions have the impact of requiring that the
students be physically present on campus. A future enhancement will alow students to also
submit files viae-mail from off-campus locations.

At the beginning of the grading process, the instructor moves all files to be graded from the
submission directory to a secure grading directory, generally on alocal hard drive. Design
objectives require an audit trail; away to go back and reconstruct grading actions in the future.
To accomplish this, files to be graded in each batch session are placed in a separate diretory,
labeled with the grading date. Assignment submissions and grading actions may be
reconstructed, when necessary, from (1) these isolated files, along with (2) the system dates
included in each student file, and (3) agrading log file, to be describedshortly.

Grading Program

The instructor begins the batch grading process by starting Grader4. One central program directs
the flow of information through several spreadsheets windows and alog file. Design objectives
call for al pertinent assignment data for a section to be in one location and readily visible on the
grading program screen. Further, the homework grade data needs to be in spreadsheet format, to
alow the instructor to calculate grades and readily analyze class performance.

To start the batch process, the instructor opens a grade sheet for a group of studentsin the same
section. The grade sheet contains basic information for each student, as well as the problems
assigned and their due dates. A grade for each assignment will be entered ina cell of this grade
sheet.

Batch Grading

Whileit is possible to use the grading program to check individual students submissions, only
batch grading is reviewed here.

The objectives of the design aso emphasize instructor convenience and productivity. After the
submitted files have been isolated, all of the instructor’s attention can be turned to grading, with
little further concern for bookkeeping.

To begin batch grading, the instructor picks the directory that contains all of the filesto be
graded. Each filein the directory is then analyzed, one at atime, and results presented. Grader4
loads each file, displays error status, asks for a grade (and comment, if desired) and then deals
with all of the bookkeeping.

Grader4 is preprogrammed with a numbe of end-of-chapter problems and solutions. The
instructor does not need to modify the program.

Results and Grade

The project design objectives require that the system present the results of student homework file
analysisto the instructor in a clear and unambiguous fashion. There are four indicators of
assignment status: (1) on time or not, (2) previously graded or not, (3) answer correct or not and
(4) model apparently consistent or not.

In the last case, the sources of discrepancies are identified. Pat of the evaluation of each student
assignment is an investigation of the internal consistency of the spreadsheet model. All is not
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possible to detect al possible errors; but the system is able to locate the most common student
mistakes. It is able to find errors much more quickly and consistently than a human grader.

Color was chosen as a method of rapidly conveying the status of the student file. A grade and
comment panel is presented to the instructor at this point. Checkmark fields and color indicae
the status of the current assignment.

The design goals are for the instructor to manually assign all grades and add appropriate
comments. Most assignments are normally done satisfactorily. For efficiency, the instructor can
rapidly note a green panel that indicates that no problems were encountered with this assignment.
The instructor can assign the appropriate maximum grade, and move on to the next assignment
file.

Other colors of the grade and comment panel indicate when problems do exist. For improger
answers or model construction, the offending cell in the student spreadsheet can be highlighted
along with the dependent, referenced cells. Thisinformation helps guide the instructor to
investigate and identify the problem.

Feedback

The project design goals include providing as much feedback information to the student as
possible. To achieve this goal, the instructor assigns a grade based on the status indications
provided by the program, and a personal evaluation of the student model. The instructormay aso
enter acomment for the student. In addition, the instructor may type any additional information
desired on the spreadsheet itself. The grading system inserts the grade into the grade sheet, and
sends an e-mail to the student with the grade and comment. Students can retrieve the graded
spreadsheet. The grade and comment and other information are entered into the grading log file.
The instructor can review the batch grading processin any time by investigating the grade log
file.

Experience with the System

This grading system has been used successfully for several semesters. It has provided a number
of advantages.

Assignments can be graded more quickly. The instructor estimates that time spent using
Grader4 is at least ¥ that of manual grading. Time savings is even more striking when
compared to the previous method of manually grading hand-written solutions.

In particular, it is possible to concentrate on assignments that need attention, and spend
little time on those that do not.

Theinstructor islesslikely to put off grading and delay feedback to the students.

Grading is more accurate; the system consistently finds errors that the instructor would
have overlooked.

The instructor spends much less time dealing with bookkeeping matters.

Students have been enthusiastically supportive of the system. In arecent course
evaluation of the identical program in a business statistics course, students rated Grader4
as “being helpful,” with an average score of 4.75 out of 5. Experience in engineering
economy has been similar, however no surveys have yet been taken.
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