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ABSTRACT
(

The present analysis was conducted to validate an automated measurement
system of noise violations by participants in the therapeutic workplace, which
is a model workplace that offers paid employment and vocational training
programs to illicit drug users. We collected data on dB levels via an electronic
dB meter in a computer classroom with many different sound sources, and
defined noise violations as sounds exceeding 55 dB. Human observers recorded
whether staff or participants were responsible for violations, the types of events
that resulted in violations, and whether these events were a result of participant
behavior. Our analyses revealed that participants caused the majority of noise
violations. These results suggest that the automated measurement system col-
lects valid data on participant behavior that contributes to noise violations.
Our results also suggest that these behaviors can in principle be modified to
reduce the frequency of noise violations. Suggestions for replication in other
settings and interventions designed to reduce behaviors leading to noise viola-
tions involving feedback and incentives are discussed.
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utomated data collection reduces
researcher time and effort (Wright,
2005) as compared to human
observation, and costs associated with
data collection are often reduced with
automation (Panos & Freed, 2007).
Another benefit of automated collec-
tion is that automated data can be used
to deliver feedback immediately (Yu,
Moon, Oah, & Lee, in press), whereas
human observers need time to collate
and summarize data before feedback can
be delivered.

Some approaches to validating
new automated data collection systems
include identifying whether the system
detects the occurrence of an event accu-
rately, or identifying whether the system
measures some specific dimension of
an event with high validity. Validation
of a new automated data collection
system can occur through comparison

to data collected using a gold standard
(Gupta, Mittal, Rizzo, Bikkina, &
DeBari, 2009), or by comparison of
automated data with human observa-
tion (Panos & Freed, 2007; Yu et al., in
press). For example, Yu and colleagues
validated an automated system designed
to detect whether office workers adopted
ergonomically safe postures at computer
workstations by comparing data gath-
ered by trained human observers to data
collected by the automated system.
Measuring environmental noise is
important in educational and organiza-
tional settings, asenvironmental noise can
affect performance on educational tasks
(Tafalla & Evans, 1997) and other cog-
nitive tasks (Taylor, Melloy, Dharwada,
Gramopadhye, & Toler, 2004). Valid
measurement of ambient sound levels
is clearly a prerequisite for managing
noise exposure, and guidelines exist for

measuring noise exposure from ma-
chinery in occupational settings such as
industry installations (e.g., Occupational
Safety and Health Administration,
1999). However, few guidelines exist
for measuring noise in settings in which
human-generated noise should be kept
at a minimum. One such setting is the
therapeutic workplace (e.g., Silverman,
2004), a model workplace that offers ac-
cess to vocational training to chronically
unemployed drug users.

Automated Data Collection of Noise
Violations in the Therapeutic Workplace

Background. Participants at the
therapeutic workplace must meet certain
standards of professional conduct to
access vocational training (Carpenedo
et al., 2007), as one of the aims of the
therapeutic workplace is to prepare par-
ticipants for community employment
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1able. Summary of Noise Violation Types and Mean Rate of Occurrence

~

N

M Rate
Violation Violation Type  Source Definition (per min)
Conversation 1 Participant Two or more participants conversing, and not yelling 2.85
Typing 1 Participant Participant pushes down a keyboard key 1.43
Other voice 1 Participant Vocal sounds, not conversation (e.g., laughing, snoring, singing) 0.45
Combinations 2 N/A Multiple sound sources 0.29
Other non-voice 1 Participant Other non-vocal sounds (e.g., mouse) 0.13
Eating 1 Participant Sounds associated with eating (e.g., containers, bottles) 0.08
Chair 2 Participant Chair sounds (e.g., creaking or banging against desk) 0.06
Cabinet 2 Staff Cabinet doors opening or closing by staff 0.03
Doors 2 N/A Doors opening/closing 0.03
Yelling 1 Participant Participant raises voice to staff or other participant 0.01

J

(Sigurdsson, DeFulio, Long, & Silverman, in press). Carpenedo
et al. found that the most prevalent violations of professional
demeanor standards, as identified by staff in the therapeutic
workplace, were noise violations of a library mode standard,
defined as keeping “noise level low so that someone standing
10 feet away from the trainee cannot hear them well enough
to transcribe or imitate the words, sounds, or noises they are
saying or making” (p. 1146). In fact, these noise violations
were the only type of conduct violation that was pervasive . An
informal assessment revealed that the noise violations were also
directly correlated with vulgar language violations, professional
communication violations, and rate of incorrect responses on a
typing training program; and inversely correlated with correct
responses on the typing training program.

Barriers to automated collection of noise violation data. In
order to consistently reduce noise violations in the therapeutic
workplace, a valid measurement system of such violations
must first be developed. Schmidt and Ulrich (1969) used a dB
meter to measure noise levels in a grade school classroom, and
were successful in reducing those levels via feedback on noise
level violations and incentives for maintaining low noise levels.
However, in Schmidt and Ulrich, a human observer had to
observe the dB meter to determine noise levels and noise viola-
tions. Since the publication of Schmidt and Ulrich, advances in
computer technology have made it possible to collect dB data
automatically, reliably, and in a more practical manner without
a human observer.

A technical problem arises, however, when noise levels are
measured in an automated fashion, as dB meters are sensitive
only to levels of sound pressure and as such cannot discriminate
between sound types and sources. In the therapeutic workplace,
participants and staff, may be responsible for loud sounds, and

an automated data collection system that is only sensitive to dB
levels cannot discriminate between those sources. If participant
noise levels are to be measured reliably and consequences
delivered for maintaining relative quiet, it must be clear that
participants are responsible for the majority of noise violations
registered by an automated system.

Study Purpose

This article describes a method of verifying an automated
data collection system for noise violations in the therapeutic
workplace. The aim of this research is to establish via human
observation over a sample period of time that participants in
fact generate a significant majority of noise violations. These
procedures can be adapted to other settings in which relative
quiet may be required, such as workplaces, K-12 classrooms,
special education classrooms, and regular workplaces. The
article concludes with some suggestions for interventions to
reduce noise violations.

Figure 1. Layout of classroom. An “X” marks the location of
the dB meter.



Method

Participants and Setting

Participants were enrolled at the therapeutic workplace
at the Center for Learning and Health located in Baltimore,
Maryland. The therapeutic workplace program consists of
pharmacological and behavioral treatment for drug addiction
and provisions of employment training. Participants had the
opportunity to attend the program for approximately four
hours per weekday, divided into two-hour shifts (a.m. and
p.m.), and engage in computerized training and education de-
livered on-site. The therapeutic workplace is divided into three
classrooms, and all participants in the current study worked in
the same classroom. All participant computer workstations had
a computer on a desk. During the study, all participants worked
at training programs designed to improve typing and keypad
skills (Silverman, 2004; Silverman et al., 2007). The ambient
sound level in the classroom was approximately 43 dB.

Procedures

Automated sound level measurement. A Smart Sensor Digital
Sound Level Meter Model AR834 from Intell Instruments was
used to measure sound levels. The sound meter was located
in the ceiling in the middle of the classroom (see Figure 1).
The sound meter was connected to a personal computer, and a
graphic user interface program included with the sound meter
displayed sound levels in dB via text and a line graph on the
computer screen. The meter sampled sound levels two times
per s, and the output displayed on the computer screen in real

500 -
450 A
400
350 A

300 A

250 1

Frequency

200 1

150 A

10D A

50 1

time was the average dB level per s. The average dB level per s
was also logged in a computer text file for subsequent analysis.
Sound measures were collected for four hours per day for 78
workdays.

A noise violation was defined as any auditory stimulus that
exceeded 55 dB, based on criteria established in Pawlaczyk-
Luszczyriska, Szymczak, Dudarewicz, Sliwinska-Kowalska
(2006) as appropriate sound levels for activities related to
“administration, . . . research work, data handling” without
telephone use (p. 189). This definition of a noise violation dif-
fers from the Carpenedo and colleagues’ (2007), definition of
a library mode violation, as staff was responsible for detecting
violations in that study without the aid of a dB meter.

Human observation of noise sources. Research assistants col-
lected data on sources of noise violations in the classroom for
one hour during six separate shifts (see Table for a list of sound
sources and definitions provided to research assistants prior to
each session). Multiple violations were defined as two or more
co-occurring sources of a noise violation.

Three observations occurred during a.m. shifts and three
observations occurred during p.m. shifts.

Validation of noise sources. One research assistant continu-
ously observed a computer monitor that displayed dB meter
readings as numerical values in real time from the classroom
throughout each session, and alerted one or two (during in-
terobserver agreement sessions) research assistants with a hand
gesture when a sound registered more than 55 dB on the moni-
tor. Research assistants tasked with recording sound sources
were located in a doorway to the classroom, and independently
recorded the source of any noise that registered more than

B Type ]
O TypeZ

b

1

|j|
4 5 6

Observations

Figure 2. Frequency of violation types across classroom observations.
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Figure 3. dB meter readings during sample observation session. The letter “x” (x) indicates conversation, plus (+) indicates other voice
sounds, diamond (Q) indicates other non-vocal, and star (*) indicates cabinet closing.

55 dB. If an event occurred for more than one second (e.g.,
conversation), the source was scored for every second during
which sounds exceeded 55 dB.

Interobserver agreement for human observation. We collected
interobserver data for four sessions, and calculated agreement by
dividing the number of times that the two observers agreed on
a source for a given violation by the total number of violations.
Interobserver agreement averaged 90% (range: 83%-93%).

Results

Data Analysis

For purposes of data analysis, we re-coded all noise viola-
tions into one of two violation categories: Type 1 and Type 2
(see Table). The Type 1 violation category encompassed modi-
fiable noise violations that were due do undesirable participant
behavior, and the Type 2 violation category included all other
noise generated by participants or staff. Noise violations due to
cabinet use were exclusively generated by staff, thus, these were
considered Type 2 violations. It was not possible to determine
whether staff or participants contributed to door noise and vio-
lations with multiple sound sources, as these events occurred
outside the line of sight of research assistants; these were also
categorized as Type 2 violations.

Classroom Observations

The Table displays the types and rate of noise violations
observed during classroom observations by research assistants,
and Figure 2 depicts the frequency of Type 1 and 2 viola-
tions during classroom observations. Classroom observations

indicated that the most frequently observed noise violation
per shift was conversation, followed by keyboard typing, other
voice sounds, combinations, and other non-voice noise. Other
categories of noise were recorded on fewer occasions than once
per work shift. Figure 3 depicts dB readings during a sample
observation, and indicates types of events for a sample of noise
violations.

Automated Measurement of Noise Violations

During the 78 days that sound level data were collected,
the number of noise violations per day ranged from 3 to 1,612
(M = 437, SD = 438), total min in attendance per day for all
participants present that day ranged from 279 to 2,174 (M =
1003, SD = 463) and the total number of participants in at-
tendance per day ranged from 2 to 9 (M =5, SD = 2).

Discussion

Validation Outcomes

The automated data collection system was successfully
validated for the measure of behaviors that contribute to el-
evated noise levels in the study setting. Of all noise violation
types observed during classroom observations, only 8% were
considered to be non-modifiable as they are out of the control
of participants. That number includes sounds generated by
staff, and sounds that occurred because of office furniture use
(chairs, cabinet doors, doors, etc.).

Most noise violations involved conversations between two
or more participants, and the type of violation observed with the
third highest frequency involved non-vocal sounds generated



by participants. The type of violation observed with the second
highest frequency involved keyboard use. It must be noted that
only one participant located approximately 2-2.5 m from the
sound meter contributed to all of these violations. Two other
participants were located a similar distance from the meter, and
typed in a fashion that yielded dB readings below our criterion
for a noise violation. The typing violations recorded by the
meter do not appear to be due to proximity to the meter, but
rather to an idiosyncratic typing style that should be amenable
to intervention.

These results provide support for the feasibility of mea-
suring noise violations in the therapeutic workplace, as the
overwhelming majority (92%) of the other types of violations
recorded during classroom observations can be considered as
being under participants’ control, and hence amenable to inter-
vention using behavior analytic methods. Based on the results
of our analyses, human observers should hence not be needed
for ongoing measurement of noise violations in the therapeutic
workplace. Automated data collection on this variable therefore
appears warranted in this setting.

Considerations for Replication in Other Settings

Researchers or practitioners interested in using automated
data collection systems for noise violations in other settings,
such as classrooms or workplaces, should be able to replicate
the procedures described herein to determine if automated
data collection is viable. However, any intervention aimed at
reducing sound levels would also have to take into account
the fact that approximately 8% of violations were not caused
by participants in our study. A complete absence of violations
would therefore not be an attainable goal in this or other set-
tings in which loud noises occur as a result of events other than
modifiable participant behavior.

Study Weaknesses

Sound pressure decreases as the distance from the sound
source increases (Pierce, 1989). It is possible that some sounds
that would have registered as above 55 dB in closer physical
proximity to the source were not recorded as being above 55 dB
at the meter’s location (sounds above 55 dB were always truly
above that value). However, it would have been impractical and
cost-prohibitive to outfit every single workstation with a sound
meter. If dB readings are to be used for practical purposes in
large spaces, there will always be a trade-off between practicality
and accuracy. We therefore used one sound meter in keeping
with Schmidt and Ulrich (1969) to maintain a practical ap-
proach to sound level measurement.

Secondary Validation of Measurement System

As an aside, we also measured the number of people work-
ing at any given time and the number of min worked during
any given interval of time during 78 days and found that noise
levels were positively correlated. The correlation between the
total number of violations per day and total min in attendance
per day by all participants was significant (7 [78] = .72, p <

.001) and the correlation between the total number of viola-
tions per day and total number of participants attending the
workplace per day was also significant (7 [78] = .68, p < .001).
Although not a primary focus of our analysis, these findings
further suggest that noise levels are primarily a function of
worker behavior.

Interventions to Reduce Noise

The focus should now turn to how the occurrence of noise
violations can be reduced in settings with varied sources of
noise violations. A first step would involve ensuring that par-
ticipants themselves can gauge sound levels in the environment
and discriminate in some way between acceptable (low dB) and
unacceptable (high dB) sound levels through feedback. Another
consideration is how to motivate individual participants to
minimize their own contribution to sound levels.

Feedback. Alvero, Bucklin, and Austin (2001), in their
review of feedback studies, observed that group feedback was
more consistently associated with positive intervention effects
than individual feedback. In terms of feedback sources, Alvero
et al. also found that graphic feedback coupled with either
written or verbal feedback was most consistently associated
with positive intervention effects. For purposes of accuracy and
practicality, monitoring and management of sound levels would
most likely have to be based on mechanical sound monitoring
systems that do not discriminate between sound sources. In a
setting with multiple participants in which individual sound
sources cannot be differentiated, any sound level feedback de-
livered to participants would hence have to be based on group
levels of noise. Furthermore, based on the findings of Alvero et
al. (2001), it appears that graphic and written feedback indicat-
ing group performance would be ideal in these settings.

One potentially viable mechanism of feedback delivery
would involve displaying sound level readings from a dB meter
with a marker indicating a sample boundary between accept-
able and unacceptable sound levels in terms of noise violations.
A line graph indicating a time-based depiction of sound levels
combined with a numeric tally of violations over a given time
span would ensure that all participants could be exposed to
exactly the type of feedback suggested by Alvero and colleagues.
For example, sound level feedback could be displayed in a small
Web browser window on individual participants’ computers in
settings in which participants have personal computers.

Alternative methods of delivering noise feedback include,
for example, using an alarm that would sound briefly every
time a sound-level violation occurred (similar to the whistle
blown by the human observer in Schmidt & Ulrich, 1969).
Sound levels could also be displayed on a single monitor or
display device in plain view of all participants in a manner
similar to Christ and Christ (2006), and Packard (1970) in
which a countdown clock in a classroom stopped if any student
engaged in disruptive or off-task behavior, and all students
received incentives contingent on the clock timing out.

Incentives. While it could be ensured that all participants
have access to feedback on sound levels and number of noises
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in the environment, there is no guarantee that participants
would be motivated to reduce them. In order to manage the oc-
currence of noise violations, a motivational component would
undoubtedly have to be added to any intervention involving
feedback, as was done in Christ and Christ (2006) and Packard
(1970).

Incentives for maintaining sounds levels below the thresh-
old for a noise violation could be delivered to the entire group
or individuals, contingent on not exceeding a pre-set criterion
for a maximum number of violations. Group level incentives
could involve, for example, breakfast or lunch being made
available to the group. If participants as a group were not to ex-
ceed the maximum number of violations, monetary incentives,
paid time off, or gift certificates could also be delivered based
on individual participants’ attendance. In order to determine
the “amount” of an incentive that each individual participant
would receive in such an arrangement, the pay-out could be
based on min attended per day. Participants who attend the set-
ting for longer periods of time would receive more than those
who attended less. In that manner, the individual incentives
could be dispersed in a fair manner across individuals although
the performance measure would be at the group level.

Summary

In this article, we have attempted to identify methods of
measuring and managing the occurrence of noise violations in
the therapeutic workplace, with the ultimate goal of prepar-
ing participants for gainful employment in the community.
We describe two possible methods, one correlational and one
observational, for establishing sources of sounds. This is a pre-
requisite for any intervention aimed at reducing sound levels
in environments with multiple sound sources. Finally, we have
suggested some methods of intervention based on literature
in the areas of classroom management and Organizational
Behavior Management.
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