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English

On the basis of a previous research project (Liang, 2005), this study attempts
to add new variables into the existing automated essay scoring (AES) model, and
design an operational AES system. The study also reports results of an analysis
of the reliability of the essay scores generated by the system designed herein. In
addition, the research reported in this study also attempts to reveal the minimum
requirement for the sample size of the training set needed for the system to yield
reliable essay scores, the genre types of the essays the system can handle, as well as
factors which may affect the reliability of the scores generated by the system.

Five sets of essays, totaling to 1,067, were collected, with each set addressing
a different essay prompt. Among the 5 sets of essays, 4 are argumentative and 1
expository in nature. Mutltiplé human raters were recruited to rate the essays with
analytical essay scoring schemes. Reliability of the human-generated essay scores
was then analyzed. The resulting data, composed of essays and their corresponding
human-generated scores, were fed into the computer system to construct essay
scoring models and to validate the model so constructed. During this process,
multiple training sets were created by way of multiple sampling to avoid the possible
hetereogeneity of the data, and the remaining essays in each set were then used
as data for validating the models. Mean reliability estimates for the validation are
reported. Besides, the report also introduces the architecture of the AES system, the
types of variables in the scoring model, and the programming language employed to
design the computer program. Further, a few representative variables in the scoring
model are highlighted, with their research backgrounds and findings reported
separately. Descriptions are also given as to how these variables are embedded in
the architecture of the computer application.

The study attempts to address the following research questions:

1) Is the statistically-based AES system operational in terms of the reliability
of the scores automatically generated? Can the reliability of the computer-
generated scores meet the requirement described in the testing literature?

2) In what way does the reliability of the human-generated essay scores for the
training set affect the reliability of the computer-generated scores?

3) In order for the system to generate reliable essay scores, what is the
minimum requirement for the sample size of the training set?

4) Is the AES system equally effective in handling student essays of different

genres?



Findings of the the study indicate that, thanks to the predictive power of the
text variables in the essay scoring model, the AES system can yield essay scores with
a reliability estimate of r = 0.752 or higher, so far as the minimum requirement
for the sample size of the training set is satisfied. Such a reliability estimate is
undoubtedly higher than what statisticians and language testers can expect in

subjective testing items such as essay writing. It is also found that, as far as reliable

scores have been assigned to the essays in the training set, the AES system can
yield a maximum reliability of r = 0.83 or higher, and the consensus estimate (exact
agreement and exact-plus-adjacent agreement on a 0-5 scale) of the essay grades
generated by the computer runs higher than that reported of ETS’ E-rater, an
indication that the AES system is capable of generating more reliable scores than
the E-rater. Therefore, the reliability anslysis shows that the AES system can be
reliably put into operation. '

Investigation into the second research question shows that human scores
assigned to the essays in the training set can affect the reliability of computer-
generated scores in two ways. First, the maxim in machine learning, “Garbage in,
garbage out”, turns out to hold true. When scores of low reliability are taken as
input for learning, the AES system correspondingly outputs less reliable scores, and
vice versa. Second, the magnitude of the differences between inter-rater reliability
estimates in the training data also has a role to play in affecting the reliability of
computer-generated essay scores. When all human raters think alike, the computer
follows. When some human raters have consensus while others do not, expectedly,
the computer is at a loss for what to learn.

To address the third research question, multiple training sets were created
by way of multiple sampling, with results derived from each sampling. Results for
such sampling are then compared. It is found that, when the sample size of the
training set reaches 125, computer-generated scores become more stably reliable.
Data analysis also seems to indicate that a large increase in the sample size of the
training set beyond 125 may not bring about an expected growth of the reliability of
computer-generated scores.

Whether or not the AES system can handle student essays of different genres
is an issue related to the applicability of the computer program. A comparative
study of the validation data shows that while some variables in the scoring model
are equally predictive of the quality of both argumentative and expository student
essays, some other variables in the model seem to be sensitive to different genres.
The different weighting of the beta values for these variables in the scoring model
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renders it possible for the AES system to use different marking schemes, an ébility

which enables the AES system to handle student essays of different genres.

Key Words: automated essay scoring, machine learning, statistical model, reliability
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