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We would like to thank Drs. Dexter and Epstein for their
well thought-out comments to our recent article about the
use of an Android app to record the OR turnover times.
In their letter, they raised several important questions
and asked for clarifications which we now provide. At the
time we performed our experiments, Greenville Memorial
Hospital did not have sensor data to track OR turnover
times. This is still the case as of today. The response to the
inquiry related to turnover time autocorrelation is provided
in the following.

Mobile applications can improve the performance of
operating room turnover (1,2) as well as perioperative
services (3). These applications serve as both visual
management tools and data collection tools. Uddin
et al. (1) found that a higher percentage of cases met their
target turnover time when the mobile app (ORTimer)
was used. Uddin ez a/. (2) reported that cases that used
the ORTimer app had a lower turnover time compared
to those cases that did not use the ORTimer app. In
the aforementioned two studies, hypothesis testing was
performed to test whether there is any difference between
the turnover time when a mobile application was used and
when it was not used. The hypothesis testing performed
assumed that the turnover times are independent and
identically distributed (iid).

As indicated by Dexter and Epstein (4), the iid
assumption for turnover times could be unreliable due to
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the presence of autocorrelation (5-7). Dexter et al. (5) found
that there was significant positive autocorrelation from one
turnover time to the next and from one daily turnover time
average to the next daily average. When averaged over a
month, there was no autocorrelation in turnover times (5).
Austin et al. (6) reported a similar finding; that is, there was
significant positive autocorrelation from one turnover time
to the next. Again, when the turnover times are averaged
over a month, there was no autocorrelation (6).

As suggested by Dexter and Epstein (4), a runs test can
be used to determine whether autocorrelation is present in
turnover times. We performed the Wald-Wolfowitz runs
test for all four groups analyzed in Uddin ez /. (1): GI-Lab
ORTimer, GI-Lab No ORTimer, D-Core ORTimer, and
D-Core No ORTimer. The test results indicate that there
is significant autocorrelation from one turnover time to the
next for GI-Lab ORTimer (P value <0.001) and GI-Lab No
ORTimer (P value =0.044) groups. However, there was no
autocorrelation in turnover times for the D-Core ORTimer
(P value =0.792) and D-Core No ORTimer (P value =0.411)
groups. Following the same procedure used by Dexter
et al. (5), we then calculated the average turnover time for
each workday for both GI-Lab groups. We then performed
a runs test using the daily average. We found that there
was no autocorrelation in turnover times for both GI-
Lab ORTimer (P value =0.359) and GI-Lab No ORTimer
(P value =0.470) groups.
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Table 1 Hypothesis test results for GI-Lab turnover successes

Group Mean Standard error P value Test result
ORTimer 0.288 0.059 0.002  Reject Hy
No ORTimer 0.090 0.035

Given that there is significant autocorrelation in turnover
times for GI-Lab ORTimer and GI-Lab No ORTimer,
the results from the hypothesis test need to be updated.
These updated test results are presented in Tuable 1. The
null hypothesis (H,) in Table 1 is that there is no difference
between the two turnover groups and the alternative
hypothesis (H;) is that the “GI-Lab ORTimer” turnover
success rate is greater than that of “GI-Lab No ORTimer.”
As stated in Uddin et 4/. (1), a turnover is successful if the
actual time taken was less than or equal to the allotted
turnover time. As shown in Table 1, the means of success
rates for both GI-Lab ORTimer and GI-Lab No ORTimer
groups are lower than stated in Uddin ez 4/. (1): 0.288 vs.
0.380 and 0.090 vs. 0.278, respectively, and the standard
error for both groups are higher: 0.059 vs. 0.019 and 0.035
vs. 0.013, respectively. The proportionality test yields a P
value of 0.002. Thus, the null hypothesis can be rejected at
the 95% confidence level. Therefore, we can conclude that
the use of the ORTimer app was effective in improving OR
turnover time.

In summary, autocorrelation was present in GI-Lab but
not in D-Core. The autocorrelation in GI-Lab did affect
the success rate. However, when the turnover times are
averaged for a day, week, or month, no autocorrelation was
found (5,6). The findings reported in (1,2) remain true;
that is, there is a significant improvement in turnover time
success rate when the ORTimer app was used.
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