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Fig. 6. Results of the ordering simulation experiment. In each case, the x-axis measures how many questions are filled before the submission is truncated.
In the figures at the left, the y-axis plots the average proportion of remaining question whose responses are predicted correctly. In the figures at the right, the
y-axis plots the proportion of form instances for which all remaining questions are predicted correctly. Results for the survey data are shown at top, and for
the HIV/AIDS data at bottom.

designer’s ordering, and a random ordering. In each case, pre-
dictions are made by computing the maximum position (mode)
of the probability distribution over un-entered questions, given
the known responses. Results are averaged over each instance
in the test set.
The left-hand graphs of Figure 6 measures the average

number of correctly predicted unfilled questions, as a function
of how many responses the data entry worker did enter before
being interrupted. In each case, the USHER orderings are able
to predict question responses with greater accuracy than both
the original form ordering and a random ordering for most
truncation points. Similar relative performance is exhibited
when we measure the percentage of test set instances where
all unfilled questions are predicted correctly, as shown in the
right side of Figure 6.
The original form orderings tend to underperform their

USHER counterparts; human form designers typically do not
optimize for asking the most difficult questions first, instead
often focusing on boilerplate material at the beginning of a
form. Such design methodology does not optimize for greedy
information gain.
As expected, between the two USHER approaches, the

dynamic ordering yields slightly greater predictive power than
the static ordering. Because the dynamic approach is able
to adapt the form to the data being entered, it can focus
its question selection on high-uncertainty questions specific
to the current form instance. In contrast, the static approach
effectively averages over all possible uncertainty paths.
2) Re-asking: For the re-asking experiment, our hypothet-

ical scenario is one where the data entry worker enters a

complete form instance, but possibly with erroneous values
for some question responses. Specifically, we assume that for
each data value, the entry worker has some fixed chance p of
making a mistake. When a mistake occurs, we assume that
an erroneous value is chosen uniformly at random. Once the
entire instance is entered, we feed the entered values to our
error model, and compute the probability of error for each
question. We then re-ask the questions with the highest error
probabilities, and measure whether we chose to re-ask the
questions that were actually wrong. Results are averaged over
10 random trials for each test set instance.
Figure 7 plots the percentage of instances where we choose

to re-ask all of the erroneous questions, as a function of the
number of questions that are re-asked, for error probabilities
of 0.05, 0.1, and 0.2. In each case, our error model is able
to make significantly better choices about which questions to
re-ask than a random baseline. In fact, for p = 0.05, which
is a representative error rate that is observed in the field [7],
USHER successfully re-asks all errors over 80% of the time
within the first three questions in both data sets. We observe
that the traditional approach of double entry corresponds to
re-asking every question; under reasonable assumptions about
the occurrence of errors, our model is often able to achieve
the same result as double entry (of identifying all erroneous
responses) at a substantially reduced cost, in terms of number
of questions asked.

VIII. DISCUSSION: DYNAMIC INTERFACES FOR DATA
ENTRY

In the sections above, we saw how Usher takes statistical
information traditionally associated with offline data cleaning,


