Double Entry and Read Aloud 1dentity More Errors than Visual Checking
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ABSTRACT

Accurate data are essential for valid science. Participants were randomly as-
signed to three data checking techniques. Double Entry and Read Aloud identified
and eliminated significantly more errors than Visual Checking. Visual Checking re-

sulted 1in 14 times as many errors left in the data set. Researchers should stop using
Visual Checking.

INTRODUCTION

The validity of our research conclusions depends upon the accuracy of our origi-
nal data. When data are typed into the computer, errors can be introduced. Small
data entry errors can result in major changes in our conclusions. In the professional
world, Winkler (2004) shows that small errors can have large monetary consequenc-
es. In the scientific arena, Burchinal and Neebe (2006) note that data entry errors re-
duce statistical power. High-quality data management practices are needed to main-
tain data integrity (Burchinal & Neebe, 2006).

The purpose of this paper 1s to examine the efficacy of three common data check-
ing techniques: Double Entry, Visual Checking, and Read Aloud. In the Double En-
try technique, users are instructed to enter the data a second time. The computer in-
dicates if the two sets of entries match, and if not, the user corrects the errors. See
Figure 1. In the Visual Checking technique, the entries are visually compared with
the original paper data sheets, and errors are corrected. Finally, in the Read Aloud
technique, the data is read aloud by either a person or a computer, while another per-
son looks at the entries on the computer. Once again, when errors are noticed, they
are corrected.

Previous research has shown that Double Entry leads to fewer errors than Read
Aloud when paid professionals enter medical data (Kawado, Hinotsu, Matsuyama,
Yamaguchi, Hashimoto, & Ohashi, 2003). However, no research has compared
Double Entry to Read Aloud when research data are entered by data entry personnel
who are unpaid volunteers (like the research assistants who usually enter academic
research data). Moreover, no research has compared either technique to Visual
Checking. The current paper seeks to fill this gap. The purpose of the current study
1s to compare these three techniques, using unpaid volunteers who are entering re-
search data.

METHOD
Participants
Thirty-eight (20 female, 18 male) undergraduate students participated in this
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study in exchange for course credit. Ages ranged from 18 to 39 (mean = 22.27, SD
= 5.58). Participants identified themselves as follows: Caucasian 34%, Asian 29%,
Hispanic 18%, African-American 11%, Pacific Islander 5%, and Other 3%.

Equipment and Materials

The paper data sheets each contained 34 pieces of data. See Figure 2 for an ex-
ample data sheet. Before participants arrived, these data were entered into a Mi-
crosoft Excel 2007 worksheet. However, the researchers deliberately introduced
discrepancies between the paper data sheets and the Excel entries. The participants’
task was to locate and correct these errors. Participants used a standard, non-
ergonomic keyboard with a separate number pad on the right-hand side and a 17-
inch color CRT monitor. The instructional videos were viewed using Flash 10 and
Internet Explorer 8 and included sound.

Procedure

Participants completed the study during an individually administered, in person,
90-minute session, which was supervised by a trained administrator. Participants
began by viewing an instructional video about how
to use Excel. Participants were then randomly as-
signed to one of the three data checking tech-
niques, and were shown a second 1nstructional vid-

Figure 3

Average Number of Errors for Each Data Checking Technique

=.001). See Table 1. A pairwise comparison of the techniques showed that Double Entry
was significantly more accurate than Visual Checking. See Table 2.

DISCUSSION

Double Entry and Read Aloud are more effective than Visual Checking. In this study,
we found that Visual Checking resulted in 25 times more errors being left in the dataset
than Double Entry, and 10 times more errors than Read Aloud. The difference between
Visual Checking and Double Entry was statistically significant, but the difference between
Read Aloud and Double Entry was not. This 1s in contrast to previous research, which
found that Double Entry was more accurate than Read Aloud (Kawado et al., 2003). How-
ever, data collection 1s on-going and we expect this difference to be significant by the time
we reach our final sample size. We therefore recommend researchers use Double Entry or
Read Aloud, and avoid Visual Checking.

Why 1s Visual Checking less effective than Double Entry and Read Aloud? Visual
Checking relies on the participants to detect errors themselves, while the Read Aloud and
Double Entry techniques assist the participants in 1dentifying errors. In the Read Aloud
technique, the administrator reads the data to the participant, one data point at a time.
When participants notice discrepancies, they ask the researcher to read that data point
again. Thus, the two people collaborate to identify er-
rors. In the Double Checking technique, participants
collaborate with the computer. The computer calls
participants’ attention to mismatched cells in Excel.

co explaining the particular technique to which

Collaboration has been shown to increase the probabil-

they had been assigned. In the Double Entry tech- 16

nique, participants entered the data a second time,
and the computer then compared these entries with
the previous entries. If the entries were different,
the computer highlighted the error. In the Read
Aloud technique, participants read the previously
entered data on the computer screen while the
study administrator read the original paper re-
sponses out loud. If participants noticed an error,
they were asked to say “verify” to prompt the ad-

ministrator to read that data point again. In the 0.47
Visual Checking technique, participants visually e
compared the data on the computer screen with the Double Entry

original paper responses. In all three conditions,
participants were asked to correct all the errors that

Read Aloud
Data Checking Technique

ity of detecting errors (Nihei, Terashima, Suzuki, &
Morikawa, 2002). In the Visual Checking technique,
participants have no help in finding the errors. Rely-
ing solely on the user does not work. Researchers
should stop using Visual Checking.

This study did not find a significant difference be-
tween the Double Entry and Read Aloud. Both had
very high accuracy rates. Future research should try to
differentiate these methods. First, there may be differ-
ences in time. Double Entry takes one person a bit
longer, but the Read Aloud technique we used requires
two people. Read Aloud could be done by having
speech synthesis software read the data, which would
make 1t faster than Double Entry. When paid profes-
sionals entered medical data, Double Entry was more
accurate than Read Aloud with speech synthesis

Visual Checking

they noticed.

Participants began with five practice data
sheets. While participants entered these sheets, the adminis-
trator offered to answer questions. These sheets were not
scored. After completing these practice sheets, the partici-
pants then checked 20 additional data sheets. Finally, partici- | Table 1
pants answered two brief questionnaires.

Mean Rank of Correct Entries by Technique

(Kawado et al., 2003) — but it might be that these two
techniques are equally effective in a research context.
Read Aloud could also be done by a single person by
combining 1t with Visual Checking — a single person
could read the data point on the paper data sheet out loud, and then
visually check 1t against the entry on the computer screen, perhaps
reading that entry out loud too. No research has examined the ef-
fectiveness of this technique. Second, there may be differences

between Double Entry and Read Aloud when they are used 1n dis-
tracting environments. In this study, data checking was completed

Mean Rank

in a quite room, containing just the participant and the experiment-

25.05 er. In both business and research environments, data checking

10 50 might often occur in much noisier environments. Future research
‘ could mimic those environments by playing background music or

10.71 by conducting the data checking in a busy computer lab.

Finally, even if differences between Double Entry and Read Aloud

do not generalize from the medical context to the research context,

there could be other reasons for preferring one method over the
other. For example, there could be differences in subjective evalu-
ations of these two techniques. If the two techniques are equally

Measures Technique

The dependent measure was the number of correct entries

e > . Double Entry

remaining after a participant finished the study. A correct en-
try was defined as an Excel entry whose contents match the | Read Aloud
original paper data sheet. To calculate the number of correct , ,
entries, participants’ Excel files were imported into SPSS for | V1sual Checking
scoring. Total
Data Analysis

Originally, we planned to use a one-way ANOVA to com- | Table?2

Pairwise Comparison of Techniques
pare the accuracy of the three groups. However, severe heter- Techr -
. . . < . ique est

ogeneity of variance made this impossible. We therefore used Pairing Statistic

effective, we could use whichever technique 1s less tedious and

Std. Test Adj. ) X )
more enjoyable. There may also be practical issues. Although free

Statistic Sig.

a non-parametric statistic instead, the Kruskal-Wallis H Test. Visual
We compared the mean ranks of good entries for the three | fhecqne& 8.79
techniques.

Visual

Checking & 14.34
Double Entry

RESULTS

Double Entry and Read Aloud resulted in nearly perfect da-
tasets. The mean number of correct entries was 679.53 and 678.86, | Read Aloud & 5 55

high quality Double Entry systems are available (e.g., Barchard &
Pace, 2008, 2010; Beaty, 1999; Harris, Taylor, Thielke, Payne,
Gonzalez, & Conde, 2009; Lauritsen & Bruus, 2008), researchers
may not be aware of them or may have difficulty using them; simi-
larly, they may have difficulty finding and using speech synthesis
software. It might turn out that Read Aloud with two people is
more practical than the alternatives. Thus, research 1s needed on

1.78 224

respectively, out of a total of 680. In contrast, the Visual Checking [ __Double Entry
technique had relatively low accuracy rates. The mean number of

correct entries was 667.58. Stated another way, Visual Checking resulted in 25 times more
errors being left in the dataset than Double Entry and 10 times more errors than Read
Aloud. See Figure 3. These accuracy rates were significantly different (H(2) = 14.07, p

these practical 1ssues, too.
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Spelling Test Math Test
I. ACCOMMODATE l. 156
2.  AMATEUR 2 235
3.  CALENDAR 3 485
4. CEMETERY 4. 493
5. CONSHENCE 5. 364
6. EMBARRASS 6. 327
7.  EXHILARATE 1. 203
X MAINTAINANCE 3. 347
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