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Background: Although observational studies are popular, little has been done to study the integrity of
human observers and the data collection process. Issues of data collection integrity threaten functional
ﬁndings, leading to problematic interpretation and decreased replication. In our study the response effort
associated with hand hygiene data collection in a hospital setting was manipulated using an altered data
collection tool.
Methods: A counterbalanced ABAB design was implemented across 2 semesters of a hand hygiene data
collection practicum course.
Results: When response effort increased, compliant audits decreased and when response effort
decreased, compliant audits increased. These results were statistically signiﬁcant, with an overall level
change z that had a P value of .001 (ﬁrst semester) and .007 (second semester).
Conclusion: These ﬁndings may warrant an increased awareness of data collection procedures where
recording options include a less effortful response. The results of our study support basic research on
response effort and choice behavior in an applied setting, bringing into question the integrity of data
collection procedures and the integrity of the data collected. These results also suggest the need for
standardizing reporting systems to ensure hand hygiene collection and reporting procedures are comparable across settings.
Copyright Ó 2014 by the Association for Professionals in Infection Control and Epidemiology, Inc.
Published by Elsevier Inc. All rights reserved.

Isolating hand hygiene as a causal variable for hospital-acquired
infections (HAIs) was demonstrated in the late 1840s when Ignaz
Semmelweis was able to garner empirical support for the concept
of attributing the transmission of puerperal fever to the unclean
hands of health care workers (HCWs).1 Hand hygiene was, and still
is, the most important practice for preventing the transmission of
HAIs. However, despite all we have learned through research and
technological contributions since transfer of disease was ﬁrst
postulated, hand hygiene compliance still remains a problem.
During 2002, an estimated 1.7 million patients in the United
States acquired an HAI and, of those, an estimated 99,000 patients
died as a result of the infections. This situates HAIs as the ﬁfth
leading cause of death in US acute care hospitals.2 Research validates that HAIs decrease as compliance to hand hygiene protocol
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increases.3 Research further suggests infection rates can be
decreased by 33% with compliance to hand hygiene protocols.4
Although hospitals have long had policies requiring HCWs to
conduct hand hygiene between patients, reported compliance
rarely exceeds 50%.5
HAND HYGIENE PROGRAMS
Most hospitals are now implementing programs to measure
and improve hand hygiene compliance. In addition to the social
signiﬁcance of increased quality of care and safety to patients and
HCWs, reducing HAIs decreases ﬁnancial loss for organizations.
During 2007 additional treatments and longer hospital stays
resulting from HAIs were responsible for an estimated $35.7 billion
to $45 billion in extra health care costs.6 As of October 2008, the
Centers for Medicare and Medicaid Services enacted a revision
to payment systems that excludes coverage of HAIs. The revised
system further prevents health care organizations from passing
additional cost of HAIs to patients.7 Many private insurers
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are following suit, leaving the burden of cost to health care
organizations.8
Unfortunately, most interventions on hand hygiene compliance
have short-lived success. To be effective, a program must become
part of a permanent practice. Furthermore, to obtain long- or shortterm success, the program must have administrative support.
Providing a bolster of administrative support aids the intervention
program by ensuring that change will take effect via consequential
action. The naturally occurring consequences for engaging in hand
hygiene within a hospital are often punishing and ineffective. To
follow suggested protocol, staff must use hand hygiene measures
frequently. To do so requires response effort, interruptions in
routine, and time away from patients or other tasks. In addition,
frequent hand hygiene increases dry and chapped hands, which is
physically aversive. These consequences are immediate and punishing. Escape from negative covert verbal behaviors surrounding
perceptions of infection and personal hygiene (eg, the worker
“feels” dirty) may provide some reinforcement, but the probability
of microbial transmission is often perceived as unlikely.9 That is,
they may engage in hand hygiene to “feel clean” if a patient
encounter made them “feel dirty.” Furthermore, unlike a medication error, it is unlikely that the consequence of patient harm from
contaminated hands will be connected back to the HCW responsible. Without this feedback, crucial negative covert verbal behaviors (eg, “I am harming my patient by not washing my hands”) are
unlikely to occur. Additionally, the existing environmental contingencies from the organizationdsocial approval or disapprovaldare
not probable or valuable enough to control the behavior. To evoke
change, organization-wide consequences need to be established
that will support hand hygiene behaviors. To ensure that they are
enacted, high levels of administrative support must be employed.
Another problem with current hand hygiene programs is the
lack of uniformity in the dissemination of results due to varied data
collection procedures and methodology. Operational deﬁnitions of
what does and does not constitute a hand hygiene opportunity
differ, as do the data collection methods. In addition to varied
methods and criteria used, reported research does not convey
speciﬁcs of their components.3 This may contribute to difﬁculties
with operational deﬁnitions and discernment of auditing
opportunities.
Direct observation of hand hygiene behavior allows us to see
hand hygiene behavior as it is occurring.10 Despite this beneﬁt,
there are drawbacks to direct observation, including resource
allocation requirements, a lack of universal standardization of the
auditing process, reactivity, differences in training and experience
of the observers, and differing operational deﬁnitions between
organizations. Research on the use of human observers cautions
researchers to ensure the observers are conducting accurate observations. Factors such as reactivity, observer drift, the recording
procedure, reliability, complexity and demands of the task, subject,
and setting may all compromise the data collection practice.11
Furthermore, using preexisting staff to audit the hand hygiene
behavior of other employees introduces the potential for biased
data. Falsiﬁcation of data may result from negative treatment by
peers, pressure from the organization to do well, and/or punishing
consequences that may fall on a particular department or the organization as a whole for results that do not meet a set goal.
Falsiﬁcation and/or withholding data prevents an accurate representation of an organization’s hand hygiene behavior and fails to
identify areas that need improvement, although adding inter-rater
reliability procedures can help to reduce this to some extent. This
said, studies have demonstrated that direct peer observation can be
effective in reducing accidents, even if data are not always perfectly
reliable.12 However, accurate data is essential for the integrity of
research ﬁndings and it is certainly essential with regard to disease

surveillance and hand hygiene. Accurate data collection lends
awareness to problem areas that may, in turn, lead to optimization
of processes that improve hand hygiene. Additionally, when dealing
with human observers and error, tight control in data collection
and methodology is essential for accurate representation of
compliance. Inconsistent and inaccurate measurement of adherence results in reports that are questionable, making comparisons
of organizational compliance between institutions difﬁcult.
Little research has been conducted on the integrity of human
observers and the data collection process, aside from employing
inter-rater reliability (IRR) procedures. Energy is typically focused
on treatment integrity by making sure the intervention was
implemented as planned. Even then, the assessment of treatment
integrity has been relatively low.13 Antecedent tools in the form of
instruction and standard operating procedures (SOPs) get desired
adherence started, but consequences are necessary for maintenance. Although there may be set expectations and clear operating
procedures in place for both the auditors and the employees being
audited, behavioral research conﬁrms that what really controls
behaviors are the consequences in place. When there is a lack of
consequence for employees engaging in hand hygiene and also for
auditors documenting the behavior, or if the natural consequences
support the wrong behavior, you will get undesired behavior that
SOPs cannot ﬁx. Integrity of both the independent and dependent
variables is essential and incomplete analysis of their respective
integrity threatens functional ﬁndings, leading to problematic
interpretation and decreased replication.
In the science of human behaviordbehavior analysisdresponse
effort refers to the amount of effort required to complete a task.
That is, how much effort is needed to accomplish a particular
behavior. As response effort increases and a task becomes
increasingly difﬁcult, there will be an effect on an individual’s
behavior. Basic experimental research has shown that if an organism is presented with 2 choices that have the same outcome, but
with differing response efforts, the organism will allocate more
time to the less effortful response.14 That is, when given an easy
response versus a harder response, the organism will choose the
easier response. Research further demonstrates that response rates
decrease as response effort increases.15 There is little applied human research investigating the effects of response effort on
responding when given a choice between 2 responses.
Differing response efforts in data collection is not uncommon.
For example, when collecting data on the occurrence of a behavior,
negative or positive, there is response effort for collecting data on
the target behaviordbut little or no response effort for collecting
data on the absence of the behavior. The occurrence of the behavior
may require the observer to record times, dates, settings, antecedents, and consequences. These constitute higher response effort
because they require additional time and attention on the part of
the auditor. Further, the collection of longitudinal data may be
subject to increased fatigue and lax practices by the observer. To
promote optimal data collection, response dimensions, speciﬁcally
response effort, should be equal across all levels of responding.
Because experimental data have shown that organisms prefer low
effort responses, equalizing effort should prompt auditors to
choose the correct response, instead of the easiest. When response
effort differs between 2 choices, every effort should be made to
decrease the response effort associated with the more difﬁcult
task.16 However, this is not always possible.
Our study
Although SOPs were in place for hand hygiene and the data
collection process, the high percentage of reported compliance
was concerning when compared with national averages. The
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purpose of our study was to discern the validity of the data
collection process with regard to the response effort involved with
collecting hand hygiene data. This included assessing if increasing
the response effort associated with marking compliance to match
that associated with marking noncompliance would improve the
accuracy of data collection. That is, equalizing the response effort,
making it just as hard to mark compliance as it is to mark
noncompliance. In our study, the effort associated with recording
hygiene compliance data was lower than that required to record
noncompliance data. To document compliance, the auditor simply
had to see an HCW engage in hand hygiene as he or she entered or
left a room. To document noncompliance, the auditor had to
additionally mark what was touched in the room resulting in the
noncompliant audit. This involved active involvement with
auditing. It was easier to document compliance because no vigilance was required. However, to document noncompliance
required the auditor to be vigilant during the process. He or she
had to physically move and pay attention to what was touched in
the room. When equaling the response effort for compliance to
match the response effort of documenting noncompliance, vigilance was necessary for documenting compliance and noncompliance. In this setting, it was not practical to decrease the
response effort associated with recording noncompliant data.
Therefore, an increase in response effort associated with recording
compliant data was manipulated. The study was conducted with
external, nonbiased auditors.
METHODS
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Experimental design
An ABAB and BABA within-subject design was used. During the
ﬁrst semester of auditors, an ABAB design, where A ¼ existing
response requirements (less response effort for documenting
compliant behavior and more response effort for documenting
noncompliant behavior) and B ¼ equal response effort requirements (response effort that is equal for documenting
compliant and noncompliant behavior) was used to examine the
effects of raising the response effort associated with collecting
data on hand hygiene compliance. During the second semester of
auditors a BABA design was employed. The phase changes were
implemented every 3 weeks.
Because of the limited number of auditors, it was not feasible to
use a between-group study where a large number of participants
serve as a control for between-participant variability. Instead,
it was more appropriate to use a within-subject design that
permitted use of a smaller number of participants by which each
auditor served as his or her own control. That is, an auditor’s data
collection behavior in 1 phase was compared against his or her own
performance in an intervention phase, removing the need to control for between-auditor variability.18,19 Given the practical constraints inherent in the hospital’s practicum-based hand hygiene
program (ie, few hand hygiene auditors), we chose to examine the
performance of a smaller number of individuals over multiple trials
to assess the effects of repeated exposure to the independent
variables, believing that performance may differ with repeated
exposure rather than 1 or 2 exposures as is typically done in
between-group studies.

Participants and setting
Procedures
Participants in our study were undergraduate psychology students at a midwestern university who were enrolled in an undergraduate Industrial/Organizational practicum that took place at a
local hospital. Using students to audit data is not uncommon.17 The
use of external auditors removes bias that can lead to inaccurate
reporting. The hand hygiene program at the hospital was run by the
ﬁrst author (KLH), who was also the instructor for the practicum.
That is, the hand hygiene program, run through the practicum, was
part of normal business practice. In compliance with the university’s policy, the hospital’s policy, and federal regulations, human subjects institutional review board permission was obtained
from both the university and the hospital to ensure the protection
of research participants. The auditors were blind to the purpose of
the study. A total of 7 undergraduate student auditors across 2
semesters participated in the study with informed consent. The
auditors directly observed patient care units at the hospital, documenting compliance and noncompliance of the employees using a
paper audit tool. The setting was a 404-bed hospital located in the
Midwest, encompassing 23 acres. The hospital consisted of a north
and south campus comprising 22 units with a total of 404 private
rooms.
Apparatus and materials
Hand hygiene auditing tool
SOPs were already in place for hand hygiene and the data
collection process. The hand hygiene auditing tool was used to
collect data on compliance. The back of the audit tool doubled as a
job aid and denoted which units to audit, which rooms were
included in each unit, the types of employees audited, and a
description of the color-coded scrubs worn by the differing types of
employees. The auditing tools were modiﬁed slightly during the
intervention phases as a visual reminder of changes in the auditing
process.

Each auditor collected 10 hours of data per week following the
general practicum procedures. Because of patient privacy, auditors
were not allowed to enter rooms and instead audited from the
hallway in the event they had a clear view of the room and HCWs.
The auditors collected data from all 22 units of the hospital, but
data from only 1 controlled unit (the neurovascular unit) was used.
The manager in this unit agreed not to provide the staff with
consequences in the form of performance feedback and evaluative
statements during the duration of the study. The speciﬁc data
collected varied based on the research condition in effect. The
hospital’s hand hygiene policy clearly speciﬁed when a HCW
should perform hand hygiene during a patient encounter. At a
minimum, hand hygiene should have been initiated upon entry,
before an HCW touched a patient or a patient’s environment, then
again before and after gloving, and ﬁnally before the HCW left the
room.
Dependent variable
The dependent variable was a measurement of the percentage
of opportunities for hand hygiene marked as compliant by the
auditors. The data were obtained from the data collection sheets
completed by the auditors. Compliance was calculated as the
number of compliant audits divided by the total number of
compliant and noncompliant audits.
Baseline
During each A phase, auditors adhered to the hand hygiene data
collection practices that were in place. Each baseline collection
phase lasted 3 weeks. During the baseline phases, the auditors
noted pertinent information regarding the observations: date, time,
unit, employee type, if the opportunity took place before or after an
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Fig 1. Percent compliance across phases during the ﬁrst semester.

HCW contacted a patient’s environment, if the HCW was compliant
or noncompliant, the room number, and if hand hygiene occurred
inside or outside of the room. In addition, if an HCW was noncompliant, the auditor had to observe and document what the
HCW touched. They did not need to observe and document what
was touched for compliance.
Independent variable
During each B phase, the auditors collected compliance data as
they had during baseline, with the additional requirement that they
indicate what, if anything, the HCW touched while in the room for
both compliant and noncompliant auditing. During baseline, this
step was only required for noncompliant audits. As it was during
phase A, it required more response effort to document noncompliance than it did to mark compliance. To mark compliance, the
auditors had to observe an HCW engaging in proper hand hygiene
behavior. To mark noncompliance, the auditors were required to
observe an HCW physically contacting a patient environment
without engaging in hand hygiene and, in addition, record what the
HCW touched in the patient environment. This equalized the
response effort of both choices, removing the possibility of a less
effortful response. The intervention phases lasted 3 weeks. The
changes in the requirements of data collection were described to
the students during weekly meetings at phase changes. At this
time, the researcher collected any auditing tools the auditors had
from the previous stage and distributed the phase-appropriate
tools for the next condition.
The SOPs were developed in accordance with the World Health
Organization 5 Moments of Hand Hygiene.20 An opportunity to
audit occurred when an HCW entered a patient room, examination
room, or procedure room and physically contacted (touched) the
patient or the patient’s environment. A patient environment refers
to anything within a patient’s room. Objects and equipment inside
a patient’s room were audited as the transfer of microorganism to
inanimate objects pose an infection risk to both patients and HCWs.
In addition, other opportunities to audit occurred when an HCW
exited a patient environment, put on gloves, or removed gloves. A
patient encounter was not counted if an HCW walked into a patient’s room and did not come into contact with a patient or
environment.

IRR
To ensure the validity and reliability of the data with regard to
homogeneity and consistency, IRR was calculated by dividing the
number of times independent auditors agreed on the outcome of an
observation by the total number of times the independent auditors
agreed and disagreed. The auditors collected IRR data with each
other or a research assistant for 35% of the observation sessions and
obtained 98% agreement. In addition to assessing the validity and
reliability of the data collection process, IRR was conducted on the
measure of the proportion of total hand hygiene compliance to
ensure that the auditors calculated IRR correctly. IRR on these calculations was completed by the ﬁrst author (KLH), along with a
research assistant, for 35% of all observation samples, obtaining 99%
agreement.
RESULTS
The total number of observations in the neurovascular unit for
the duration of the study was 555. Over the course of the ﬁrst semester there were 4 auditors who conducted a total of 394 audits
with A ¼ 91, B ¼ 111, A ¼ 93, and B ¼ 99 audits across the phases.
There were 3 auditors during the second semester who conducted a
total of 161 audits with B ¼ 30, A ¼ 53, B ¼ 30, and A ¼ 48 audits
during the phases.
First semester
The purpose of the statistical analysis presented here is to
evaluate the strength of agreement between the predicted outcome
of the experiment and the actual outcome. The observed data are
presented in Figure 1. The predicted outcome pattern for the ﬁrst
semester was that compliance percentage would be higher during
low effort phases than during high effort phases. Speciﬁcally, the
level would be relatively high during ﬁrst phase, it would decrease
during the second phase, it would increase during the third phase,
and it would again decrease during the fourth phase. Predictions 2
through 4 are predictions of the direction of change; these predictions can be summarized as the following sequence of negative
and positive signs: , þ, and .
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Table 1
Intervention analysis summary for ﬁrst semester data
Type of change measure
Phase 1 trend
Level change 1 (1,2)
Level change 2 (2,3)
Level change 3 (3,4)
Phase 4 trend

Effect coefﬁcient

t

P-value

95% Conﬁdence interval

Standard effect size

PS (OS)jzj*

5.00
25.00
10.00
25.42
2.71

2.86
2.12
1.47
2.40
1.55

.01
.04
.15
.02
.13

d
(48.89 to 1.11)
(3.79 to 23.79)
(46.92 to 3.92)
d

d
1.57
0.63
1.60

d
2.05
1.44
2.29
d

PS/OS, predicted signs and observed signs.
NOTE. Overall level change ¼ 16.50; overall level change z ¼ 3.33 (P ¼ .001); and robust R2 ¼ .26; and standard error of estimate ¼ 252.
P
* Cc ¼ 1 PSðOSÞjzc j ¼ 5:78.

Preliminary analysis
A preliminary analysis was performed to identify the most
appropriate model for the observed data. This analysis indicated
that the model requires a slope parameter to describe the trend in
the ﬁrst phase, level change parameters for the changes from
phases 1 to 2, 2 to 3, and 3 to 4, and a slope parameter to describe
the trend in phase 4. The parameters of this model were ﬁtted using
methods described by Huitema.21 Diagnostic tests were then carried out to evaluate independence of the errors and conformity
with other model assumptions (eg, homogeneity of variances and
normality of errors). The data conformed to the assumptions of the
model in most respects; however, an outlier was present in the
second phase. Therefore, the ﬁnal estimation of the model was
carried out using a regression procedure based on the robust general linear model that is described thoroughly in Hettsmansperger
and McKean.22 This estimation approach was used because it provides appropriate effect estimates even in the presence of outliers.
Main analysis
It can be seen in Table 1 that the chosen model includes 5 coefﬁcients to describe behavior throughout the duration of the
experiment. The ﬁrst coefﬁcient describes the increasing trend in
the ﬁrst phase. It indicates that the average percentage of compliant
responses increased 5 points per block for the ﬁrst 10 blocks. This
suggests a learning effect within this phase. The second coefﬁcient
describes a 25-point decrease in level after the introduction of the
high response effort condition. The third coefﬁcient indicates that
the level increased 10 points after the return to the low response
effort condition. The fourth coefﬁcient describes the decrease
(25.42 percentage points) in the phase-4 level (relative to the
phase-3 level) that occurred when the high response effort condition was reintroduced during phase 4. The last coefﬁcient describes
the average increase in compliance (2.71 percentage points per
block) for the 10 blocks within phase 4.
The 95% conﬁdence intervals for the level change coefﬁcients
and the standardized effect sizes are also shown in Table 1. The
standardization of the level changes was based on the standard
error of estimate, which is the standard deviation of the pooled
within phase residuals. Hence, the standardized effect sizes
represent the change in phase level expressed in standard error of
estimate units.
Table 1 also provides a quantity that is required in computing
the overall level-change test. The overall level-change test shown at
the bottom of the table evaluates the strength of the argument that
the predicted pattern of level change is consistent with the
observed pattern. It incorporates information regarding both the
agreement of the signs associated with the predicted level changes
with the signs of the observed level changes, and the strength of the
evidence for each individual level change.
There is perfect agreement between the predicted signs and
the signs actually observed in Table 1 for the level change coefﬁcients. It was predicted that the 2 changes from low to high
response effort would lead to decreases in compliance; notice
that the signs for the observed level change 1 and level change 3

coefﬁcients are negative. Similarly, it was predicted that the
change from high response effort to low would lead to an increase in compliance; the positive sign on LC2 indicates that this
occurred. Using the formula below Table 1, these 3 agreements
between predicted and observed outcome and the strength of the
evidence associated with them (ie, the P values associated with
the coefﬁcients) were cumulated in the overall level-change test
statistic z. The P value (P ¼ .001) associated with this statistic
leads to the conclusion that the evidence supporting the predicted effects of the condition changes is very strong. That is,
there is strong evidence that when response effort increased, it
led to a decrease in compliance auditing behavior and when
response effort decreased, compliance auditing behavior
increased. When recording compliance data became more difﬁcult for the auditors, compliance data was recorded less often.
Again using the formula below Table 1, the proportion of the
total sample variation that can be explained by the interventions is
provided by the R2 coefﬁcient which is equal to 0.26. A value of this
magnitude may be considered a large effect size. That is, more than
one-quarter of the total variation in the experiment can be attributed to the independent variable manipulations.
Second semester
The second semester design consisted of 4 phases arranged in a
BABA exposure sequence (unlike the ﬁrst semester design that used
an ABAB sequence). The analysis approach was essentially the same
as was used for the ﬁrst semester data.
Preliminary analysis
The model identiﬁed for the second semester data is somewhat
simpler than the model for the ﬁrst semester data. Because no
signiﬁcant slope was identiﬁed within the phases, the only change
parameters required in the model are for level change. Hence, an
intercept and 3-level change parameters are included in the model.
All diagnostic tests of the adequacy of this model were acceptable.
Main analysis
Figure 2 illustrates the second semester data. The level change
estimates and the associated inferential statistics are shown in
Table 2. Before the data were collected it was predicted that performance would be higher during low effort phases than during
high effort phases. Therefore, the signs associated with the three
adjacent phase change predictions were: þ, , and þ. Notice that
the observed signs associated with the 3 level-change coefﬁcients
listed in Table 2 agree with the predicted signs. Although none of
the individual level change coefﬁcients has a P value < .05, the
information cumulated from these individual tests yields an overall
level change z that has a P value ¼ .007. Hence, the cumulative data
from all phases lead to the conclusion that the intervention clearly
had the predicted effect pattern. As was found in the ﬁrst semester
study, high response effort was associated with low compliance
and low effort was associated with high compliance. The R2 coefﬁcient presented at the end of Table 2 indicates that more than 40%
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Fig 2. Percent compliance across phases during the second semester.
Table 2
Intervention analysis summary for second semester data
Type of measure
Phase 1 level
Level change 1 (1, 2)
Level change 2 (2, 3)
Level change 3 (3, 4)

Coefﬁcient

t

P-value

95% Conﬁdence interval

Standard effect size

PS (OS)jzj*

60.00
16.67
10.00
18.93

d
1.85
1.11
2.04

d
.09
.29
.06

d
(2.78 to 36.12)
(29.45 to 9.45)
(1.15 to 39.02)

d
1.31
0.79
1.49

d
1.711
1.065
1.859

PS/OS, predicted signs and observed signs.
NOTE. Overall level change ¼ 15.12; overall level change z ¼ 2.68 (P ¼ .007); R2 ¼ .41; and standard error of estimate ¼ 162.
P
* Cc ¼ 1 PSðOSÞjzc j ¼ 4:635.

of the total sample variation was associated with the manipulation
of response effort.
Comparison of ﬁrst and second semester results
There are several ways to evaluate the similarities and differences between the results found for the 2 studies. The similarities
are striking. The overall level-change was similar in both studies
and both of them revealed clear evidence of intervention effects of
the predicted form. The P values for overall level-change in the 2
studies were .001 and .007; a test on the difference between these 2
P values yields a P value ¼ .64. Hence, even though the sample size
was larger in the ﬁrst semester than in the second, the overall evidence for a treatment effect is not signiﬁcantly different in these 2
studies.
Because the 2 studies were designed to have the order of the
condition manipulations reversed (ie, the ﬁrst semester order was
ABAB and the second order was BABA) it was possible to examine
possible sequence effects. The standardized level changes associated with the 2 semesters provide a simple basis for evaluating this
possibility. The average standardized level changes for the AB and
BA sequences were similar (1.58 for the AB sequence [ﬁrst semester] and 1.40 for the BA sequence [second semester]). That is,
the average standardized decrease associated with introducing the
more difﬁcult condition after the simpler condition was similar to
the average standardized increase associated with introducing
the simpler condition after the more difﬁcult condition. Correspondingly, the single BA change (from phase 2 to phase 3) in the
ﬁrst semester increased the outcome score 0.63 standardized units
and the single AB change (from phase 2 to phase 3) in the second
semester decreased the outcome score 0.79 standardized units.
(The raw AB and BA absolute percentage changes in the 2 semesters
were identical.) The overall conclusion of these comparisons is that
evidence for sequence effects is not strong.

An additional metric for comparing the 2 studies is the proportion of variation explained by the independent variable manipulations. The R2 values were 0.26 and 0.41 for the ﬁrst and
second semesters, respectively. Most of the difference between
these coefﬁcients can be explained by the fact that the ﬁrst semester data were more variable within phases than were the second semester data. This can be seen in Figures 1 and 2. Similarly, it
is revealed in the pooled within-phase error variance estimates of
252 and 162 for the ﬁrst and second semesters, respectively.
In summary, the results of the 2 studies are quite similar. The
evidence for the existence of treatment effects within each study as
well as the evidence for the consistency of these effects is strong.
DISCUSSION
Results of our study demonstrate that having differing levels of
response effort involved with data collection affects data collecting
behavior. The consequences for collecting compliant behavior and
noncompliant behavior were equaled, removing an easier response
that positively skewed the reported hand hygiene data. It was
predicted, tested, and shown that changes from low to high
response effort would lead to a decrease in compliance and the
change from high response effort to low would lead to an increase
in compliance. During the ﬁrst semester, there was perfect agreement between the predicted signs during all 3 level changes
denoting that the predictions were correct. Further, a very conservative P value (P ¼ .001) elucidates that the evidence surrounding
all 3 level changes is very strong. During the second semester, the
level changes yielded a P value that was signiﬁcant (P ¼ .05), but not
as conservative as the ﬁrst semester. Cumulatively the individual
tests led to an overall level change z that had a more signiﬁcant P
value (P ¼ .007). The statistical ﬁndings of both semesters lead to
the conclusion that the intervention markedly had the predicted
effect pattern. When response effort increased, compliant audits
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decreased. When response effort decreased, compliant audits
increased. That is, when the response effort for both conditions was
equalized, and there was no longer an “easier” compliance option,
the auditors chose this option less often.
An additional statistical analysis was run to evaluate the differences between data collected during the ﬁrst semester and data
collected during the second semester. The results show that even
though the sample size was larger during the ﬁrst semester, there
was no signiﬁcant difference in treatment effect. Further, comparison of the average standardized level change between phases and
semesters draws us to the conclusion that the evidence for
sequence effects is not strong. There is a strong similarity between
the studies with regard to clear treatment effect and consistency of
effect.
These results can guide future research and practice by bringing
to attention data collection processes. Comparing compliance between institutions is futile if accurate information is not being reported. Further, inaccurate data fail to identify compliance
problems, placing patients at increased risk for HAIs.
Limitations and future research
One limitation to our study was the sample size of the observations. During the second semester, there were considerably
fewer observations and, therefore, fewer observation blocks. This
may have inﬂuenced the individual level change results. That is,
whereas we saw signiﬁcant level changes overall during the ﬁrst
semester data, we did not see signiﬁcant individual level change. In
future research, it would be beneﬁcial if the number of observations
were more consistent across semesters.
Another limitation of our study was the use of students as auditors involved in a practicum class. Each semester, we worked with
new practicum students, which meant that student performers
were still likely learning when data collection began, affecting our
ﬁrst phase each semester. Because of the semester-imposed time
restrictions, we were only able to collect 13 weeks of data for each
group, allocating approximately 3 weeks to each phase. Future researchers should consider working with staff that has stable positions, allowing performance to stabilize before intervening.
Alternatively, if there are semester-imposed restraints, future researchers should consider using an ABA or a BAB design to allow
stabilization of performance.
Finally, future research should explore a nonvariable environment. Because it was a hospital setting, the environment was
constantly changing. A nonvariable environment, in addition to
the absence of reactivity, would give a more precise account of
human data collecting behavior. Conducting similar research in a
controlled lab setting may result in bolstered effects.
These ﬁndings warrant an increased awareness of data collection procedures where recording options include a less effortful
response. Basic experimental research has demonstrated that when
presented with 2 choices, 1 being less effortful, an organism will
choose the response with the least amount of effort.14,23 The results
of our study support these research ﬁndings in an applied setting,
bringing into question the integrity of data collection procedures
and the integrity of the data collected.
The results of our study also suggest the need for standardizing
reporting systems to ensure hand hygiene reporting procedures are
comparable across settings. Ensuring that the data collection and
reporting of hand hygiene compliance between institutions are the
same for comparison purposes is not only important for benchmark
data used by organizations, but also for comparisons within
research. Further, speciﬁcation of the auditing tools used in data
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collection is essential to ensure that there are no unseen barriers to
correctly reporting compliance.
SOPs in the form of education and instruction may get a
behavior started, but consequences control the maintenance
of HCWs engaging in hand hygiene and auditors accurately
capturing hand hygiene behavior. To ensure desired behavior is
enacted to protect HCWs, patients, and to also accurately report
compliance, focus needs to be placed on the root of human
behavior to discern why compliant behavior on either end is not
taking place. Failure to do so breeds an assumption that HCWs and
auditors will do the “right thing,” even if it is harder and aversive
to do so. This violates basic laws of human behavioral science. To
promote organization-wide change for the health of our patients,
in addition to accurate data representation, consequences need to
be addressed.
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