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ABSTRACT

Background: Error reporting systems historically has been accomplished by disparate paper
based processes. There has been a trend off late to shift to a more structured electronic system.
Limited study has been done previously to compare the electronic error reporting system versus

the traditional paper based error reporting system.

Objective: Study the paper-based electronic error reporting system and the electronic error
reporting system at the Vanderbilt University Medical Center and to test for the significance of

quality improvements in error reporting by using the electronic error reporting system.

Methods: Data was collected for both the type of error reporting systems on the total number of
events reported and the severity levels of these events. For the paper-based error reporting
system, data collected ranges from the time frame August 2001 to December 2002. For the
electronic error reporting system, data collected ranges from January 2003 to May 2004. Data
collected were analyzed using statistical methods to test for significant rate changes between the

two types of error reporting systems.

Results: A total of 5529 events were reported using the paper-based system while a total of 7790
events were reported using the electronic reporting system. Each system was evaluated for 17
months. An increase of the total number of events reported (p=.002) is noticed for the electronic
error reporting system. Of the 5529 events reported using the paper based system, 4215 (76.22%)

were unknown injury events, 552 (9.98%) no injury events, 602 (10.88%) minor injury events,
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157 (2.84%) major injury events, and 4 (0.04%) deaths. Of the 7790 events reported using the
electronic reporting system, 1899 (24.37%) were unknown injury events, 4210 (54.04%) no
injury events, 1342 (17.22%) minor injury events, 298 (3.82%) major injury events and 41
deaths (0.53%). An increase the average severity level of an event reported (p=.000) is seen for
the electronic error reporting system. Reporting of significantly fewer number of unknown

severity events are also seen for the electronic error reporting system (p=.000).

Conclusion: An electronic reporting system facilitates higher level of reporting and reporting of
higher severity events. Fewer unknown injury events are reported using the electronic reporting
system which indicates that more information is available about an event reported using the
electronic error reporting system. This higher level of information can be used to perform
analysis in understanding the root causes that causes these errors. A better understanding of the
root causes will help in decreasing the incidence of these events. More work is needed on how

best the event reported data is analyzed and utilized for the betterment of medical safety.
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CHAPTER1

INTRODUCTION & BACKGROUND

Medical Errors

Heath care is composed of a large set of interacting systems- paramedic,
emergency, ambulatory, impatient care, and home health care; testing and imaging
laboratories; pharmacies; and so forth - that are connected in loosely coupled but intricate
networks of individuals, teams, procedures, regulations, communications, equipment, and
devices that function with diffused management in a variable and uncertain environment
(Van Cott, 1994). The distinct cultures of medicine (and other health professions) add to

the idiosyncrasy of health care among high risk industries (Kohn and Donaldson, 2000).

In a comprehensive review conducted by the Institute of Medicine, it was
estimated that 44000 to 98000 deaths occur each year as a result of medical errors (Kohn
and Donaldson, 2000). Between 3% and 4% of patients admitted to the hospital have
adverse events resulting in injury or disability. About 30% of these adverse events are
thought to be preventable and represent suboptimal care. The total national cost for
medical errors is estimated to be $37-50 billion, with preventable adverse events

accounting for $17-29 billion (Kohn and Donaldson, 2000).

Medical Errors has been identified as a major health problem in the United States

(Pronovost et al, 2005). Health care is characterized by a reliance on human operators



who work with increasingly complex technology and variable levels of uncertainty and
are inevitable and may have serious consequences for life (Rubin et al, 2003). The
growing recognition of harm as an unwelcome and frequently unrecognized product of
health care has initiated focused efforts to create highly reliable organizations for safe

healthcare delivery (Duwe et al, 2005).

Medical error can be defined as the failure of a planned action to be completed as
intended or the use of a wrong plan to achieve an aim (Resar et al, 2003; Kohn and
Donaldson, 2000). Although many medical errors can lead to harm, numerous reports
have shown that they are often not linked to the injury of patients (Rozich et al, 2003;
Layde et al, 2002). Instead, they are often ‘‘caught’’ by the system before they can lead
to injury (Layde et al, 2002). Even when errors reach the patient, they are most often
minor and, in most instances, result in no significant damage (Barach, 2003). Examples
are common in medicine—for instance, a drug being given an hour later than prescribed
or even the wrong drug being given to the patient, such as diphenhydramine being given
incorrectly. This is an error but, in the overwhelming number of instances, administering
a small dose of diphenhydramine (even to the wrong patient) will not result in harm

(Resar et al, 2003).

At the same time, medical errors can also lead to an injury of a patient (Layde et
al, 2002, Kilbridge and Classen, 2002). Errors may result in an adverse event, an injury
caused by medical management rather than the underlying condition of the patient

(Sheikh and Hurwitz, 2001). They happen sometimes in subtle ways, being compounded



by circumstances or further errors (Reason, 2000). Adverse events are thus any injury
caused by medical management and are independent of the patient’s condition (Resar et
al, 2003). Adverse events can be defined as any injury (not just that associated with
medication or drug use) caused by medical management rather than the underlying

condition of the patient (Kilbridge and Classen, 2002; Classen et al, 1997).

The reporting of adverse events as well as minor and moderate events is valuable
as it will help in understanding these causes and it will help in monitoring the progress
for reporting of error (Kaplan, 2003). It is important that even the minor and moderate
higher frequency incidents be reported accurately if error reporting is to become a
reliable tool for detecting problems and monitoring changes to system and procedure
(Stanhope et al, 1998). Analyzing the root causes of medical errors is of paramount
importance for reducing their future incidence (Wears et al, 2000; Nolan, 2000). By
excluding medical errors that did not cause harm, medical error reporting systems will
miss enormous opportunities to improve health care and create safer healthcare
environments (Dovey and Phillips, 2004). It is therefore necessary to have a structured

system in place for the report of all kinds of medical errors.

Error Reporting Systems

There are a number of ways that reporting systems can contribute to improving
patient safety (Kohn and Donaldson, 2000). Apart from reporting events that caused
harm, event reporting also has the potential to learn what is broken from near misses,

incidents that did not lead to harm but could have resulted in patient injury (Pronovost et



al, 2005). Reporting systems allows event data to be collected and analyzed to determine
whether there are root causes leading to patterns of these events (Barach, 2003). Good
reporting systems are a tool for gathering sufficient information about errors from
multiple reporters to try to understand the factors that contribute to them subsequently
prevent their reoccurrence throughout the health care system (Kaplan and Fastman,

2003).

Although health care has lagged behind other industries in implementing event
reporting systems , successful reporting systems have been developed in the last 5 years
in anesthesia, intensive care, transfusion medicine, and pharmacy (Kivlahan et al, 2002).
The Institute of Medicine (IOM) identified mandatory and voluntary reporting systems as
important components of patient safety improvement. According to Kohn and Donaldson
(2000), reporting systems whose primary purpose is to hold providers accountable are
mandatory reporting systems. Reporting systems that focus on safety improvements are
voluntary reporting systems. Reports are usually reported in confidence and no penalties

or fines are issued around a specific case.

Voluntary reporting systems have a very important role to play in enhancing
understanding of the factors that contribute to error (Kohn and Donaldson, 2000).
Medical and non-medical literature contains several examples of anonymous non-
punitive reporting systems proving more effective results than mandatory programs for
tracking errors (Billings and Reynard, 1984, Liang 1999). Voluntary reporting systems

are also used extensively in other industries such as where they are an important part of



improving safety (Kohn and Donaldson, 2000). According to Handler, Gilliam et al,
(2000), solutions for errors in medicine should focus on changes to the system and
processes rather than punitive targeting of individuals. The importance of voluntary error
reporting in a ‘‘blame-free’’ organizational culture as a way to improve systems and
enhance patient safety is emphasized by the Institute for Safe Medication Practices (The

Institute for Safe Medication Practices, 1999).

Voluntary reporting systems vary in scope from event specific national reporting
systems (for example, medication errors, and sentinel events), to hospital based internal
reporting systems that capture a variety of events (Tuttle et al, 2004). Although the
approaches and information collected diffe—for example, check boxes, pre-coded drop
down menus, open ended narratives, anonymous, confidential, etc (Holzmueller et al,
2004), the importance of reporting and the unifying goal to learn from experience

remains the same (Tuttle et al, 2004).

Voluntary error reporting systems historically has been accomplished by disparate
paper based processes (Wu et al, 2002). According to Mekhjian et al (2004), these
processes do not provide a mechanism for anonymity, nor do they lend themselves to
quick notification or easy statistical analysis. Additionally Paper-based forms and
procedures that typically support event reporting involve cumbersome event reporting
steps and result in inefficient organizational processes when attempting to use the

information for overall improvement. Thus, confidence in the effectiveness of the



procedure may be diminished, perpetuating the cycle of poor event reporting (Uribe et al,

2002).

Although the paper based error-reporting system is the most prevalent (Mekhjian
et al, 2004), the best methods of reporting are not yet known and technology to facilitate
reporting has not been studied (Nash, 2003). According to Ammenwerth et al (2004), the
use of modern information technologies offer tremendous opportunities to improve
healthcare. An electronic error reporting format would be more efficient and cost-
effective than paper or scanned forms because it would eliminate lost forms, illegible
handwriting, double data entry (from paper to database) and some causes of data entry
errors (Holzmueller et al, 2004). It creates a culture of confidence in a blame-free error
reporting structure by overcoming the barriers to traditional reporting methods, such as
lack of anonymity, excessive time demands, and delayed or no response to a reporting
event (Mekhjian et al, 2004). The private sector has begun to address the inadequacies of
the older paper based reporting systems through a variety of new electronic systems
(Tuttle et al, 2004). Yet even with these efforts, little is known about the prevalence of
adverse events across clinical disciplines, factors that encourage high levels of reporting,
and differential reporting rates based on paper or electronic formats (Kivlahan et al,

2002).

Most of the studies on electronic reporting systems (Holzmueller et al, 2004;
Mekhjian et al, 2004; Tuttle et al, 2004) have focused on the system and its

characteristics. Tuttle et al, (2004) studied an electronic error reporting system in an



academic medical center. The study details the characteristics of the electronic error
reporting system, its planning and implementation process, and the error reporting rates.
Mekhjian et al, (2004) studied a web based event reporting system in an academic
environment. The study focused on the characteristics of the system, its usability
functions, and the reasons of underreporting using the paper based system. Although
these studies deal with an electronic error reporting system, there has been no study done
so far to compare the rates for minor or moderate and adverse events reported using a

voluntary electronic event reporting system to a paper based one.

This study will focus on comparing the electronic error reporting system versus
the traditional paper based system. It will test the frequency of errors reported using the
paper-based system and the electronic error reporting system. This paper will also look
into the severity levels and test for significance of variance for the severity levels

reported using the electronic error reporting system against the paper based system.



CHAPTER 11

METHODS

Study Setting

This study was done at the Vanderbilt University Medical Center, a 658 bed
teaching facility that employs 5872 medical care employees including 571 residents.
During the fiscal year 2002, the hospital had 33854 admissions, 698,968 outpatient visits
with 71402 emergency room visits (VUMC by the numbers, 2004). The Vanderbilt
University Medical Center used a paper-based error reporting system till the end of 2002.
An electronic error reporting system was implemented in January 2003 known as
DOERS (Dynamic Online Error Reporting System). For the purpose of this study,
information about both harmful and potentially harmful events were collected for both
the paper based system and the DOERS system. This study includes all the events
reported through the paper-based system from August 2001 to December 2002 and all the

events reported through DOERS from January 2003 to May 2004.

Paper Based Error Reporting System

This section details the process of the paper based error reporting system and its
working. An error is reported by filling up a form known as Occurrence Report (see
figure 6). The Occurrence Report is divided into seven main areas. The first part contains
the general information about the event like date, time, or whether it is a patient related or

non-patient related event. The second part contains a list of locations, which can be



selected if the event occurred in a place other than the patient’s inpatient unit. The thirds
part contains a selection of various types of injuries, which can be selected. The fourth,
fifth and sixth parts contain lists of selections related to medication, falls and medical
device/equipment respectively. The seventh part is to be filled up if there is a staff

member involved and contains a list of staff member functions.

The occurrence report form consists of a white sheet and a duplicate yellow sheet.
The white sheet is sent to the Risk Management department and the yellow sheet is sent
to user’s immediate supervisor. The head of the Risk Management department then enters
the pertinent information about the event into a Microsoft Access database. A severity
level is also then assigned to the event. The severity of an event is divided into five types;
Unknown injury, No injury, Minor injury, Major Injury, and Death (see Table 1). A

detailed process flow of the paper based error reporting system is shown in Figure 8.

Electronic Error Reporting System

There was a need to improve the efficiency and speed of the existing paper
based system to improve quality and safety at the Vanderbilt University Medical Center.
An electronic error reporting system was decided upon as the possible replacement of the
paper based system. The intervention between the two systems occurs with the
introduction of the DOERS system in January 2003. The features of DOERS are shown
in table 2. DOERS was implemented throughout all clinical disciplines across the
Vanderbilt University Medical Center. All employees having user identification and the

intranet password can access the system through workstations set up across the medical



center. There are two types of user access levels. The first one being the users who can
enter an event only and the second one being accountable managers/risk management
head who have additional privileges like event editing, follow up and closure, data

queries, analysis, and reporting functions.

DOERS is arranged into four major event categories defined as patient,
physician/visitor, property/equipment/narcotics count, and employee illness/injury. Using
drop down menus, DOERS prompts the user to answer nine questions including nature of
event, event date and time, department name reporting event, department name where
event actually occurred, general area where event occurred, whether harm occurred, type
of harm or injury occurred if it did, and affected body part. A screen shot of this first page

is shown in Figure 7.

Based on the event category selected, there are additional menu driven prompts to
capture more details about patient information, visitor/physician information, employee
injury related information, and equipment related information, and severity of event. The
severity of event uses the same taxonomy as the paper-based system scaled from 0 to 5.
An open text field is also provided to give a brief description of the event. Users with
advanced privileges can now enter additional information regarding the event and follow
up actions taken or planned. Screen shots of the second page are shown in Figures 8, 9
and 10. A detailed process flow on the working of the electronic error reporting system is

shown in Figures 11, 12, and 13.
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Analysis of Data

All statistical analysis was done using the statistical software SPSS version 11.
Frequency distributions and their mean plots were computed for the total events reported
for both the paper based and the electronic reporting system. As done by Tuttle et al,
(2004), independent sample T-test was used to test the significance in the change in error
reporting rates. Frequency distributions and their mean plots were also computed for the
severity levels of events reported. A chi-square test was performed to test for any
significance in change in severity levels reported by the two error reporting systems.
Independent sample t-tests were used to test of significance in variation and compare the

means of the severity levels reported by the two reporting systems.
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CHAPTER III

RESULTS

A total of 5529 events were reported using the paper-based system from August
2001 to December 2002, while a total of 7790 events were reported using the electronic
reporting system from January 2003 to May 2004. Figure 1 shows the frequency chart of
the total events reported during this timeframe. Figure 2 shows the mean plot of the
number of events. From the frequency chart and the mean plot we can see that there is an
increase in the number of events reported using the electronic reporting system.
Frequencies of the events reported for all severity levels are also plotted over the entire
time period of this study for both the paper based system and the electronic reporting
system in Figure 6 with the intervention occurring at the introduction of the electronic
reporting system in Jan 2003. These figures show an increase in trend for the number of
events reported using the electronic reporting system. An average of 325 events were
reported per month using the paper based error reporting system and an average of 458
events were reported per month using the electronic error reporting system. An
independent sample T-test is performed to test the significance of this reporting rate
change. The results of this test is shown in Table 4 where we see that there is a statistical

difference in the error reporting rates between the two systems (p=0.002).

Of the 5529 events reported using the paper based system, 4215 (76.22%) were
unknown injury events, 552 (9.98%) no injury events, 602 (10.88%) minor injury events,

157 (2.84%) major injury events, and 4 (0.04%) deaths. Of the 7790 events reported

12



using the electronic reporting system, 1899 (24.37%) were unknown injury events, 4210
(54.04%) no injury events, 1342 (17.22%) minor injury events, 298 (3.82%) major injury
events and 41 deaths (0.53%). Table 3 shows a detailed data split up between the paper

based reporting system and the electronic reporting system based on event severity.

To see the trend in the change in severity levels reported using the two reporting
systems, frequencies of the events reported are plotted against various severity levels for
the two reporting systems. Frequency plots of the severity of events for the paper-based
system is shown in Figure 3 and frequency plot of the severity of events for the electronic
reporting system is shown in Figure 4. Frequencies of the events reported for all severity
levels are also plotted over the entire time period of this study for both the paper based
system and the electronic reporting system in Figure 6 with the intervention occurring at
the introduction of the electronic reporting system in Jan 2003. From these frequency
plots, it is seen that fewer number of unknown injury events (severity level 1) are
reported using the electronic reporting system. An increase in reporting rate of higher

severity events (severity levels greater than 2) can also be inferred from these graphs.

Figure 5 shows the mean plot of the severity levels reported using the two
systems. It has a positive slope indicating an increase in the average severity level of
events reported using the electronic system compared to the paper based reporting

system.

13



To test for statistical significance of the difference in severity levels reported by
the two systems, a Chi-Square test is performed on the data from Table 3. The results are
shown in Table 5. It shows that there is a significant difference in the severity levels
reported by the two reporting systems (p=0.000). An independent sample T-test was
conducted to test the significance of the variance in mean of the severity levels. The
results of the T-tests are shown in Table 6 where it is seen than there is a high
significance in the severity levels between the two groups (p = .000). An independent
sample T-test was conducted to test the significance of the difference in unknown
severity events reported. The results are shown in Table 7 where it is seen that there is a
high significance of difference in unknown severity events reported between the two

systems (p=.009).

Thus with these statistical analyses, it is seen that an increased level of reporting

is achieved using the electronic error reporting system and higher severity of errors being

reported using the electronic reporting system.

14



CHAPTER IV

DISCUSSION

This study has shown that an institutional wide voluntary electronic error
reporting system increased the frequency of error reporting. While an average of 325
events were reported per month using the paper based error reporting system, the number
rose to 458 events reported per month when using the electronic error reporting system.
This study also shows that the average severity level of an event report using an
electronic system is significantly higher than a paper based system. The higher level
events reported and higher level of adverse events reported could be due to a number of
factors including easier accessibility, user confidence in fast and timely response time,
and increased user anonymity. Characteristics considered to be important for a successful
voluntary reporting program include a non-punitive or safe environment, simplicity in

reporting, and timely and valuable feedback (Leape, 2002).

According to Handler et al (2000), error prevention also depends on how fast an
error is reported. The faster an error is reported, the higher the possibility of correcting it
before any damage is done. Early error recognition may allow corrective or rescue steps
to be taken before injury occurs (Handler et al, 2000). Rapid error identification
facilitates corrective action to prevent or limit injury (Nolan, 2000). Therefore, it is
imperative to create a system that can identify error at the earliest possible moment

(Handler et al, 2000). In this study, when an event is reported using the paper based

15



reporting system, it could take a number of days before the supervisor or the risk
management department gets the error report and takes any necessary action. This delay
is due to the fact that most often paper based error reports are mailed using internal mail
or dropped off at specified drop boxes. The nature of the time delay inherent in these
methods can delay the response time for the necessary action taken. With the electronic
reporting system, the event can be noticed with minutes of reporting and facilitates faster
response times. The electronic error reporting system becomes an effective concurrent
risk management tool by providing timely communications about real time events as they

occur.

Another reason behind higher error reporting rate for an electronic reporting system
could be the reporter’s confidence in the system. According to Mekhjian et al, (2004),
reporter confidence in the organization’s ability to respond to events is essential for
sustained increase in reporting. When a caregiver can observe a response to a reported
event within hours or days versus weeks or even months, he or she is more likely to

report future events.

Another interesting result of this study is that there are fewer number of unknown
severity events reported using an electronic reporting system. The electronic reporting
system could encourage the user to seek and to input much more information than he or
she would have previously done using a paper based error reporting system. More

information known about any kind of event reported increases the chance to understand

16



the underlying causes behind the event and helps to take steps towards prevent that error

from occurring again.

From this study it is seen that an electronic error reporting system facilitates
higher level of reporting. It also increases the scope of reporting in terms of the amount
of information entered for each event. Therefore using an electronic error reporting
system, much more information is known about each event than previously with a paper
based reporting system. This provides better scope for analyzing the data and identifying
the root causes behind each event. To improve overall healthcare safety, it is important to
utilize this data effectively. There has been no study done so far on how best the event
reported data is analyzed and utilized for the betterment of medical safety. A future scope
of this study could include how to best code and analyze this information for further

improvement and identifying an event before it happens.

In conclusion, it is seen than an electronic error reporting system is much more
effective than a disparate paper based one. Hospitals should encourage the use of

voluntary electronic error reporting systems to facilitate higher levels of error reporting.
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TABLES

Table 1: Severity Index

Severity Level Description

1 Unknown Injury
2 No Injury

3 Minor Injury

4 Major Injury

5 Death

Table 2 Features of the DOERS electronic event reporting system

Implementation throughout all clinical areas

Accessed only through validated intranet password

2 levels of privileges set for users

4 major event categories: Patient, Visitor/Physician, Equipment, and Employee

Illness/Harm

4 event categories further classified on to 64 other subtypes

10 basic background questions regarding the event with drop down menus

22 other questions about event details with drop down menus

Open ended narrative to document incident details

Supplement information section

Severity level Taxonomy (0-5)

(1) Unknown Effect/Injury: Level of impact unknown at time of report

(2) No Effect/Injury: The event did not produce a negative effect and there is no
visible evidence of any physical injury or emotional distress

(3) Minor Effect/Injury: The event produced a temporary negative effect or there
is evidence of physical injury or emotional distress not requiring medical
intervention

(4) Major Effect/Injury: The event produced a significant or permanent negative
effect or there is evidence of physical injury or emotional distress requiring
medical intervention

(5) Death: The event resulted in death or death of a fetus

18




Table 3: DOESRS and Paper Based Event Reporting Data

Severity Level *Number of events reported *Number of events reported
using events paper based Using DOERS
System
% %
(1) Unknown 4215 76.22 1899 24.37
(2) No Injury 552 9.98 4210 54.04
(3) Minor 602 10.88 1342 17.22
(4) Major 157 2.84 298 3.82
(5) Death 4 0.07 41 0.53

*All events reported through the paper based system from Aug 2001 through Dec 2002
(17 months) and all events reported through the electronic reporting system from Jan
2002 through May 2004 (17 months) are included
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Table 4: T-test Results for Number of Events
Independent Samples Test

Levene's
Test for
Equality t-test for Equality of Means
of
Variances
| 95%
Sig. Confidence
F |Sig.| t df (2- | Mean [Std. Error | |ntarya) of the
tailed) Difference | Difference Difference
' Lower | Upper
I Equal ) ) )
variances | 5.978 |.020 3974 32| .003 -133.12 40.659 215.938 | 50.297
assumed
NumberOfEvents Equal
variances - - -
not 3974 22.165| .003 -133.12 40.659 217 404 | 48.832
assumed

Table 5: Chi-Square test results for severity levels

Chi-Square Tests

Value df | Asymp. Sig. (2-sided)
Pearson Chi-Square 3768.079(a) .000
Likelihood Ratio 4068.171 .000
Linear-by-Linear Association 1707.074 .000
N of Valid Cases 13320
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Table 6: T-test Results for Severity Level

Independent Samples Test

Levene's
Test for .
Equality of t-test for Equality of Means
Variances
95%
sig Confidence
. : Mean Std. Error | Interval of
F Sig t df ¢ glz-d Difference | Difference the
ailed) Difference
Lower | Upper
Equal
variances | 101.245 |.000 [44.239 13317 .000 .62 .014| 588 .642
assumed
SEVERITY Equal
:2:'3"“5 44.108|11775.990 | .000 62 014| 588 .642
assumed
Table 7. T-test Results for Unknown Severity Level Events Reported
Independent Samples Test
Levene's
Test for
Equality t-test for Equality of Means
of
Variances
95%
Sig. Std. Confidence
Fo|Sigl af (2- D"i\!lfean Error | Interval of the
. tailed | ' (:renc Differenc | Difference
) e Lowe
r Upper
Equal
variance
s 7.76| .00| 5.73 32| 000 142 00 24.754 91.57 | 192.42
6 9 6 7 3
assume
NumberOfEven |d
ts Equal
variance
s not 5'72 27'7g .000 142.00 24.754 91'28 192'7:13
assume
d
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Paper Based Error Reporting
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Online Error Reporting using DOERS
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Online Error Reporting using DOERS
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Online Error Reporting using DOERS
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