NATIONAL
RADIO
SYSTEMS
COMMITTEE

NRSC-G100-A

Bandwidth Options for Analog AM
Broadcasters
September 2012

“ I Consumer Electronics Association

INAB

NATIONAL ASSOCIATION OF BROADCASTERS

NAB: 1771 N Street, N.W. CEA: 1919 South Eads Street
Washington, DC 20036 Arlington, VA 22202
Tel: (202) 429-5356 Fax: (202) 775-4981 Tel: (703) 907-7660 Fax: (703) 907-8113

Co-sponsored by the Consumer Electronics Association and the National Association of Broadcasters
http://www.nrscstandards.org



NRSC-G100-A

NOTICE

NRSC Standards, Guidelines, Reports and other technical publications are designed to serve the public
interest through eliminating misunderstandings between manufacturers and purchasers, facilitating
interchangeability and improvement of products, and assisting the purchaser in selecting and obtaining
with minimum delay the proper product for his particular need. Existence of such Standards, Guidelines,
Reports and other technical publications shall not in any respect preclude any member or nonmember of
the Consumer Electronics Association (CEA) or the National Association of Broadcasters (NAB) from
manufacturing or selling products not conforming to such Standards, Guidelines, Reports and other
technical publications, nor shall the existence of such Standards, Guidelines, Reports and other technical
publications preclude their voluntary use by those other than CEA or NAB members, whether to be used
either domestically or internationally.

Standards, Guidelines, Reports and other technical publications are adopted by the NRSC in accordance
with the NRSC patent policy. By such action, CEA and NAB do not assume any liability to any patent
owner, nor do they assume any obligation whatever to parties adopting the Standard, Guideline, Report
or other technical publication.

Note: The user's attention is called to the possibility that compliance with this Guideline
may require use of an invention covered by patent rights.

By publication of this Guideline, no position is taken with respect to the validity of this
claim or of any patent rights in connection therewith. The patent holder has, however,
filed a statement of willingness to grant a license under these rights on reasonable and
nondiscriminatory terms and conditions to applicants desiring to obtain such a license.
Details may be obtained from the publisher.

This Guideline does not purport to address all safety problems associated with its use or all applicable
regulatory requirements. It is the responsibility of the user of this Guideline to establish appropriate safety
and health practices and to determine the applicability of regulatory limitations before its use.

Published by
CONSUMER ELECTRONICS ASSOCIATION
Technology & Standards Department
1919 S. Eads St.
Arlington, VA 22202

NATIONAL ASSOCIATION OF BROADCASTERS
Science and Technology Department
1771 N Street, NW
Washington, DC 20036

©2012 CEA & NAB. All rights reserved.
This document is available free of charge via the NRSC website at

www.nrscstandards.org. Republication or further distribution of this
document, in whole or in part, requires prior permission of CEA or NAB.

Page 2


http://www.nrscstandards.org/

NRSC-G100-A

FOREWORD

The NRSC adopted a 10 kHz standard analog AM audio bandwidth in 1986, which represented a
“narrowing” of AM signals from the 15 kHz audio bandwidth which had been used up to that time. This
action by the NRSC, embodied in the NRSC-1 Standard, came as a result of deliberations on the causes
and cures of AM interference, and a desire to technically encourage the production of higher fidelity AM
receivers.

Nearly twenty years later, in 2004, as part of a review of the NRSC’s AM bandwidth standards, the
NRSC’s AM Broadcasting (AMB) Subcommittee recognized that some broadcasters were reducing the
audio bandwidth of their analog AM signals from the 10 kHz specified by the NRSC standards to 5-6 kHz,
in an effort to further reduce interference in the band, and with the understanding that most consumer
receivers are bandwidth-limited to 5 kHz or less. Further, this bandwidth reduction was being done
independent of the bandwidth reduction required when a broadcaster elects to transmit a hybrid AM in-
band/on-channel (IBOC) digital radio signal.

A proposal was put forth that the NRSC consider reducing the analog audio bandwidth specification to
something less than 10 kHz, but the Subcommittee agreed that before such an action could be
considered, a rigorous study of both analog AM receivers (characterizing, among other things, receiver
bandwidth) and consumer reaction to reduced bandwidth would need to be conducted.

Consequently, in late 2004 the Subcommittee formed the AM Study Task Group (AMSTG, co-chaired by
Frank Foti, Telos/Omnia and John Kean, NPR Labs) to determine whether consumers would reliably
perceive the audio quality differences of AM transmissions at various bandwidths, recorded through
commercially available receivers, and whether these perceptions would affect consumers’ continued
listening behavior. The AMSTG subsequently conducted a consumer subjective evaluation study of
audio obtained from three typical receivers, as well as an objective evaluation of audio performance of a
large number of current consumer analog AM receivers, including OEM and after-market car radios, shelf
mini-systems, boom boxes, table radios and portables.

The information contained in this NRSC Guideline is was derived from the AMSTG study report and the
resulting deliberations of the AMB Subcommittee of the NRSC, co-chaired by Stanley Salek, Hammett &
Edison, Inc., and Jeff Littlejohn, Clear Channel Broadcasting, Inc. A revision was made in 2012 by the
successor AM & FM Analog Broadcasting (AFAB) Subcommittee of the NRSC, co-chaired by Stanley
Salek, Hammett & Edison, Inc., and Gary Kline, Cumulus Media. The NRSC chairman at the time of
adoption and first revision of NRSC-G100 was Milford Smith, Greater Media, Inc.

The NRSC is jointly sponsored by the Consumer Electronics Association and the National Association of

Broadcasters. It serves as an industry-wide standards-setting body for technical aspects of terrestrial
over-the-air radio broadcasting systems in the United States.
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BANDWIDTH OPTIONS FOR ANALOG AM BROADCASTERS

1 SCOPE

This is an informative Guideline document which provides information on bandwidth options for analog
AM broadcasters. The recommendations contained herein are based primarily on the results of a study
conducted by the AM Study Task Group (AMSTG) of the NRSC’'s AMB Subcommittee. Broadcasters
electing to transmit hybrid AM IBOC signals will typically limit the bandwidth of the analog portion of the
signal using either the 5 kHz or 8 kHz mode as specified in the NRSC-1-A and NRSC-5-A Standards.

2 REFERENCES

2.1 Normative References

This is an informative specification. There are no normative references.

2.2 Informative References

The following references contain information that may be useful to those implementing this Guideline
document. At the time of publication the edition indicated was valid. All standards are subject to revision,
and parties to agreements based on this standard are encouraged to investigate the possibility of
applying the most recent editions of the standards listed below.

[1] NRSC-1-B, NRSC AM Preemphasis/deemphasis and Broadcast Audio Transmission Bandwidth
Specifications, National Radio Systems Committee, September 2012
[2] NRSC-2-B, Emission Limitation for Analog AM Broadcast Transmission, National Radio Systems
Committee, September 2012
[3] NRSC-3, Audio Bandwidth and Distortion Recommendations for AM Broadcast Receivers, National
Radio Systems Committee (retired September 2007)
[4] NRSC-5-C, In-band/on-channel Digital Radio Broadcasting Standard, National Radio Systems
Committee, September 2011
[5] Consumer Testing of AM Broadcast Transmission Bandwidth and Audio Performance
Measurements of Broadcast AM Receivers, NPR Labs, September 8, 2006 (also included as
ANNEX 1 to this Guideline)
[6] Summary Report: Consumer Testing of AM Broadcast Transmission Bandwidth and Audio
Performance Measurements of Broadcast AM Receivers, NRSC-R101, December, 2006

2.3 Informative Reference Acquisition

Documents [1]-[6] are distributed free of charge via the NRSC website at: http://www.nrscstandards.org.

2.4 Symbols and Abbreviations

In this Guideline the following abbreviations are used.

AM Amplitude Modulation

AMSTG  AM Study Task Group (of the NRSC AMB Subcommittee)
NRSC National Radio Systems Committee

FCC Federal Communications Commission (U.S.)

FM Frequency Modulation

IBOC In-Band/On-Channel
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N/A Not Applicable
RF Radio Frequency
TBD To Be Determined

2.5 Definitions
In this Guideline the following definitions are used.

Audio bandwidth The maximum bandwidth of the audio signal input to an AM transmission
system, indicated as a positive number such as 10 kHz. The term is
employed in a general sense, unless a specific low-pass filter curve is
specified.

HD Radio™ Trademark (of iBiquity Digital Corporation) for the digital AM and digital
FM transmission technology authorized by the FCC. Note that the use of
the term “HD Radio” in the NRSC-5-C Standard and its normative
references shall be interpreted as the generic term “IBOC” for the NRSC-
5 compliant system and shall not be construed as a requirement to
adhere to undisclosed private specifications that are required to license
the HD Radio name from its owner.

Signhal bandwidth The maximum bandwidth of the AM radio frequency signal, which is twice
the audio bandwidth and may be represented as a positive number, such
as 20 kHz, representing the amount of spectrum occupied by the upper
and lower sidebands of the AM signal, or as a dual-signed number, such
as =10 kHz, representing the maximum offset of the sidebands from the
RF carrier frequency.

3 BACKGROUND

3.1 AM band adjacent channel interference problem

Broadcast signals in the U.S. occupying the AM band (535-1705 kHz) are potentially subject to significant
adjacent channel interference by virtue of the fact that, while each signal is 20 kHz wide (= 10 kHz), AM
stations are allocated at 10 kHz intervals." This situation becomes particularly problematic during
nighttime hours because RF signals in this frequency band are subject to a phenomenon known as
skywave propagation, in which they travel longer distances at night by reflecting off the earth’s
ionosphere.

This situation is illustrated in the figures below for the case of analog AM transmissions. Figure 1 shows
the FCC’s analog AM mask (dashed line) versus frequency and the relationship of that mask to an analog
AM signal utilizing the current NRSC-standard 10 kHz audio bandwidth.? (Note that the RF signal is
actually 20 kHz wide since AM broadcasts utilizes double-sideband amplitude modulation.)

! Hybrid AM IBOC signals are wider than this interval, extending out to £15 kHz, but still fall within the mask shown in
Figure 1. The interference implications of these wider IBOC signals is discussed in Section 3.5.

2 Signals that propagate via the ionosphere, called skywaves, can provide significant signal strength at distances up
to a few thousand kilometers. See Propagation Characteristics of Radio Waves, NAB Engineering Handbook 10th
Edition, Chapter 1.8, Focal Press, 2007, for more information.

% See §73.44 of the FCC rules and NRSC-2-B. A different mask applies to hybrid AM IBOC signals; see NRSC-5-C
and §73.404(a) of the FCC rules.
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Figure 1. FCC analog AM mask

Figure 2 shows a hypothetical AM station received by Listener A, in City A, and another for Listener B in
City B. As shown in the figure, Listener A can receive a station on 930 kHz during the day with no
significant undesired signal energy impinging upon it. Likewise, Listener B has undiminished reception of
a station on 940 kHz.

During daytime hours, when there is only groundwave propagation of the AM signals, Listeners A and B
do not receive interference from Cities B and A, respectively. This is true even when these stations are
broadcasting signals that have the full, 10 kHz NRSC-specified bandwidth for analog AM transmissions.

CITY A

LISTENER A
HEARS THIS

A SIGNAL
— . et >
L L // L] L] L] L] L] L L L L Ll
540 550 900 910 920 930 940 950 960 970 980 f, kHz
A LISTENER B
HEARS THIS
SIGNAL
— ————t >
540 550 | 900 910 920 930 940 950 960 970 980 f, kHz

CITY B

Figure 2. Daytime reception of two hypothetical stations by listeners in two cities

At night, when skywave propagation is present, skywave signals on adjacent channels flood each
listener’s receiver. The 940 kHz signal from City B is received by Listener A; the 930 kHz signal from City
A is received by Listener B (see Figure 3). Because the 10 kHz sidebands of the two stations overlap,

Page 7



NRSC-G100-A

both Listener A and Listener B may experience interference that cannot be filtered out of the receiver.
The overlapping spectra in Figure 3 represent the first-adjacent channel interference situation resulting
from 20 kHz-wide signals being allocated on a 10 kHz spacing.

CITY A

A
540 550 f, kHz
A
P/ S— ————t >
540 550 / 900 910 920 930 940 950 960 970 980 f, kHz

CITY B

Figure 3. lllustration of interference from adjacent channel overlap of skywave signal — 210 kHz signals, nighttime

The complexity of skywave interference becomes more apparent when we realize that there are stations
on all frequencies whose skywave signals are propagating great distances at night. Figure 4 illustrates
the arrival of skywave signals from City C and City D on 920 and 950 kHz. Listener A and Listener B
each suffer additional skywave interference on the other adjacent channel (920 kHz for Listener A and
950 kHz for Listener B).

CITY A

540 550

f, T(Hz

L, —

900 910 920 930 940 950 960 970 980 f, kHz

CITY B

540 550

——

Figure 4. lllustration of interference from adjacent channel overlap of skywave signals from multiple stations — 10 kHz
signals, nighttime
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This interference situation caused by first adjacent channel skywave signal overlap can be remedied by
reducing all analog signal bandwidths from +10 kHz to +5 kHz as shown in Figure 5. With the reduced
bandwidth signals, the overlap among adjacent spectra (which is the primary source of first adjacent
channel interference) is eliminated. Note that because of the 10 kHz channel spacing, the 5 kHz
bandwidth represents the greatest bandwidth for which there is no first-adjacent channel energy overlap
between signals.

CITY A

[/,...-'

900 910 920 930 940 950 960 970 980 f, kHz

L L L -

/
!

I I / I I I .
540 550 /

e :

9(')0 9i0 9;0 9;0 940 9%0 960 9;0 980 f,EHZ
CITY B

Figure 5. Elimination of first adjacent channel energy overlap in skywave reception conditions — 5 kHz signals,
nighttime

3.2 Receiver bandwidth and the NRSC AM standards

In adopting the NRSC-1, -2, and -3 Standards, one of the goals of the NRSC was to foster the
development of “wideband” AM radios, that is, AM radios that implemented a full 10 kHz-wide signal path,
allowing for the full audio fidelity of the 10 kHz signal being broadcast to be heard by the listener.

In 1992, NRSC sponsoring organizations NAB and CEA introduced "AMAX," a certification program for
AM radio receivers that met the technical specifications of NRSC-3, and that also exhibited other
desirable characteristics.* Those included adjustable reception bandwidth and the availability of an
external antenna connection. Further, receivers meeting all of these conditions that also had stereo
reception capability could use the designation "AMAX Stereo." Automotive receivers were granted limited
relief to the bandwidth requirement, such that radios exhibiting at least a 6.5 kHz bandwidth could still
receive certification.

Receiver manufacturers, however, have elected to use narrowband filters in the vast majority of modern
consumer receivers (as discussed in Section 3.3 below, the average 3 dB bandwidth of consumer
receivers as measured by the NRSC’'s AMSTG is approximately 2.5 kHz). The reason for this low
bandwidth figure is that the narrowband filters reject the majority of the first-adjacent channel interference
(shown in Figure 6) and natural and man-made noise which exists in the AM band. Available data
indicate that listeners prefer reduced interference and reduced audio bandwidth (provided by the
narrowband filter) over greater interference and greater audio bandwidth (provided by wideband filters),
as discussed in the sections following.

* NRSC-3 was retired by the NRSC in September 2007.
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Figure 6. lllustration of the rejection of adjacent channel interference as a function of receiver filter bandwidth.

3.3 AMSTG report — receiver characterization

Objective measurements of 30 consumer analog AM receivers were completed in late 2005 with support
from the Consumer Electronics Association (CEAQ and the National Association of Broadcasters (NAB;
CEA and NAB are the co-sponsors of the NRSC).” These laboratory measurements, conducted by NPR
Labs, collected data in two areas:

e Baseline audio performance of the receivers, including frequency response, harmonic distortion,
intermodulation distortion and signal to noise ratio;

e Objective noise level differences with signal interference at several audio transmission bandwidths
(i.e., 5, 6, and 7 kHz), relative to the current transmission bandwidth standard of 10 kHz. Weighted
quasi-peak noise measurements were taken to approximate the response of human hearing to
audible noise. A first-adjacent channel (x10 kHz) interfering signal was modulated with a pulsed
frequency-shaped noise to simulate the characteristics of program audio.

3.3.1 Receiver bandwidth measurements

These objective measurements established that the majority of current analog AM receivers have audio
bandwidths of less than 5 kHz. In fact, with only a few exceptions, the frequency response of individual
receivers falls off above 1 or 2 kHz. As shown in Figure 7, the combined frequency response of all
receivers through the test bed (the middle curve, in blue) was 3 dB at 2450 Hz and 10 dB at 4100 Hz.

® See informative reference [5], starting on pg.24.
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CATEGORY (Hz) (H2)
-20 1 Home stereo 2325 3775
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25 1 [ Portable/CD boom box 2631 4550
5 Clock radio 3250 5525 \ \
Car in-dash 2725 4175 \
pe HD Radio (car) 4000 4700 \
OEM car 3200 4580 \
-40

Figure 7. AM frequency response mean and standard deviation (10) curves for all measured receivers

The overall variation in audio bandwidths was wide, as shown by the standard deviation for the entire test
population (+10 in green and -1o0 in brown): at 4100 Hz, the first-order standard deviation was
approximately -2.6 dB and -17.2 dB, a range of 14.6 dB. The table inset in Figure 7 lists the 3 dB and 10
dB bandwidths for the receivers by category.

3.3.2 Impact of transmission bandwidth on signal-to-noise ratios

Further, each receiver was evaluated for change in noise (at the audio output) with 1st-adjacent channel
interference using audio transmission bandwidths of 5, 6, 7 and 10 kHz at desired-to-undesired RF signal
ratios of 30, 15, 6 and 0 dB. The effect of transmission bandwidth on weighted quasi-peak SNR for the
combined receivers is summarized in Figure 8, showing that reduced transmission bandwidth offers SNR
improvements of up to 12 dB, relative to 10 kHz bandwidth, with 1st-adjacent channel interference.
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Figure 8. Effect of transmission bandwidth on received SNR

3.4 AMSTG subjective broadcast industry and consumer testing

Based on the findings of the receiver measurements, subjective testing was conducted, by Sheffield
Audio Consulting and NPR Labs, in two phases between February and May, 2006, using audio recorded
from three of the tested receivers.® Because it was necessary, as a practical matter, to limit the number
of bandwidths tested in the consumer study, the AMSTG decided to use three bandwidths: 10 kHz
(current NRSC standard bandwidth and maximum bandwidth allowed under current FCC rules), 5 kHz
(represents the maximum bandwidth where adjacent channels do not overlap) and an intermediate
bandwidth. To establish this intermediate bandwidth, a “phase 1” listening test was conducted in which
18 broadcast industry representatives participated; it was subsequently determined that 7 kHz was the
best intermediate bandwidth, between 5 kHz and 10 kHz, to be included in the consumer test.

In the “phase 2” listening test, consumers judged the following:
(a) which transmission bandwidth, 5 kHz, 7 kHz or 10 kHz, had the best quality,
(b) the magnitude of the difference between the quality experienced using these bandwidths, and
(c) whether they would continue to listen to the audio, given the quality of each of the samples.

Audio samples used in this phase 2 test included those impaired by 1st-adjacent channel interference in
addition to unimpaired reception. Audio source material was taken from NRSC music test samples, NPR
speech samples, a sportscast and commercials supplied by Greater Media, Inc. Forty-four listeners
participated in the consumer test, distributed between 19 and 71 years of age. Data from 40 qualified
listeners—20 female and 20 male—was collected.

As previously noted, audio samples were recorded from three receivers selected from the pool of those
that were objectively tested. The three receivers selected were the JVC KS-FX490 car in-dash cassette
(median-bandwidth), the Panasonic CQ-CB9900U in-dash CD/HD Radio (80th percentile bandwidth) and
the Aiwa JAX S77 portable boom box (20th percentile bandwidth).

® See informative reference [5], starting on pg. 6.
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Because differences in audio quality among bandwidths were often small, an A/B pair-wise comparison
was the appropriate method to use for obtaining listener's judgments. Test participants listened to seven
different samples (recorded under a variety of conditions), including female and male speech, voice-over
(commercial), a sportscast, and rock, country and classical music. Over the course of the entire test,
participants listened to a total of 189 sample pairs. After listening to each sample pair, consumers were
asked to judge which sample they thought had better quality, how big the quality difference between
samples was, and whether they would continue to listen to the audio for either or both of the samples.

The graphs in Figure 9 show the percentage of participants who picked one bandwidth over another (e.g.,
5 kHz over 10 kHz) at various D/U signal conditions, separated by genre (i.e., speech, music, commercial
and sportscast) and aggregated for the three receiver bandwidths tested (20th percentile, median and
80th percentile bandwidth). Because participants were asked to choose which sample (“A” or “B”) had
better quality and there were three combinations of forced-choice pairs (i.e., 5 kHz vs. 7 kHz; 7 kHz vs. 10
kHz; 5 kHz vs. 10 kHz), 33% represents the level of responses that would be considered “at chance.”
Any positive or negative difference from 33% of 12 percentage points or more (i.e., percentages greater
than 45% or less than 21%) can be considered significantly different from chance. Thus, finding that less
than 21% or more than 45% of respondents preferred a particular bandwidth in an individual condition
should be considered significant.

Consumer subjective test results suggest the following:

e For music, commercials and sportscasts, little difference was heard between 7 and 10 kHz
bandwidths, regardless of lst-adjacent channel interference conditions. For speech, which does
not mask noise and interference, larger differences were perceived, based on impairment
conditions;

¢ In unimpaired or moderately impaired conditions (as determined by the desired-to-undesired signal
ratio, D/U), people tended to prefer higher bandwidths to lower bandwidths. However, 7 kHz and
10 kHz bandwidths had equal preference;

¢ With speech in moderate to heavy impairment conditions, participants preferred lower bandwidths
(5 kHz and 7 kHz) to higher bandwidths, despite a mutual reduction in transmission bandwidth on
the desired channel.

Overall, although there was some variation in preference between genres and D/U ratios, these data
suggest that in general consumers preferred lower bandwidths (between 5 kHz and 7 kHz) to higher
bandwidths. In the majority of listening conditions, consumers preferred either 5 kHz or 7 kHz, and often
reported that 7 kHz was equivalent to 10 kHz in unimpaired or moderately impaired conditions. These
preferences were articulated most strongly in speech conditions, where noise from interference affected
listeners the most.

In extrapolating this consumer data to general public listening, it is important to note that discerning
background noise is easiest in speech conditions, and thus the speech testing represent the most critical
results. This is important for two reasons: (a) the majority of AM programming includes speech, and (b)
consumers will hear more noise in any music, sports, and commercials that are qualitatively less “dense”
than the programmatic material included in this test. Since consumers seem to be most critical of “noise”
and seem to tolerate more constrained bandwidth when they receive a clean signal, it is likely that lower
bandwidths will satisfy consumers in most conditions.
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Figure 9. Percentages of listeners who picked one bandwidth over another, by genre, with no 1st-adjacent
channel interference (30 dB), moderate 1st-adjacent channel interference (15 dB), and heavy 1st-adjacent
channel interference (6 dB)

3.5 Interference considerations of hybrid AM IBOC signals

The FCC, in October 2002, authorized the transmission of hybrid AM IBOC signals during daytime hours,
and then in March 2007 extended this authorization to nighttime hours as well.” While still falling within
the FCC analog AM mask (Figure 1), these hybrid AM IBOC signals extend out to £15 kHz and as a result
may potentially increase adjacent channel interference in the AM band.

NRSC-5-C specifies three different operational modes for hybrid AM IBOC which, along with other
parameters, differ by the bandwidth of the analog portion of the signhal—these are the 5 kHz mode (Figure
10), the 8 kHz mode (Figure 11), and the 9.4 kHz mode (Figure 12). Note that these figures are not to
scale, and that the primary digital subcarrier portions of the signal are actually 13 dB weaker than the
analog portion.

" See Second Report and Order, First Order on Reconsideration and Second Further Notice of Proposed
Rulemaking, Federal Communications Commission, MM Docket No. 99-325, released May 31, 2007, paragraph 89.
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Figure 10. Hybrid AM IBOC spectrum - 5 kHz analog signal bandwidth?
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Figure 11. Hybrid AM IBOC spectrum - 8 kHz analog signal bandwidth®

8 Source: HD Radio Air Interface Design Description — Layer 1 AM, Figure 5-1, Doc. SY_IDD_1012s, Rev. F, August
23, 2011, iBiquity Digital Corporation.
® Source: HD Radio Air Interface Design Description — Layer 1 AM, Figure 5-2, Doc. SY_IDD_1012s, Rev. F, August
23, 2011, iBiquity Digital Corporation.
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Figure 12. Hybrid AM IBOC spectrum - reduced digital bandwidth configuration®

The fact that these signals, specifically the digital subcarriers, would potentially increase the adjacent
channel interference in the band was recognized by the NRSC in its evaluation of the iBiquity AM IBOC
system:

In order to enjoy the dramatic improvements that AM IBOC has to offer, AM broadcasters must
consider a system specific trade-off. AM IBOC places digital carriers up to 15 kHz on either side of
an AM station’s main carrier. NRSC tests confirmed that a station transmitting an IBOC signal
encounters very little, if any, interference to its own received signal. Although the IBOC digital
carriers operate at very low power levels, in some cases stations on first adjacent channels may
receive noticeable interference under certain listening conditions.**

While there is no requirement that analog AM broadcasters modify transmission bandwidth to be
compatible with IBOC transmissions, broadcasters who continue to transmit analog AM signals may have
additional incentive to consider operating at a bandwidth less than 10 kHz. In doing so, they will be
helping to reduce the energy in adjacent channels and they will also be making their signals more robust
to potential interference by concentrating their signal energy within the passband of the narrowband
analog AM receivers now prevalent in the marketplace.

4 AM ANALOG OPERATION WITH PASSBANDS LESS THAN 10 kHz

Given the results of the AMSTG study, broadcasters may want to consider reducing the audio bandwidth
of their analog AM signals to as little as 5 kHz. The principal benefits obtained by doing this are the
following:

e Listener preference — overall, although there was some variation in preference between genres
and D/U ratios, the AMSTG study data suggest that in general consumers preferred lower
bandwidths (between 5 kHz and 7 kHz) to higher bandwidths. In the majority of listening
conditions, consumers preferred either 5 kHz or 7 kHz, and often reported that 7 kHz was
equivalent to 10 kHz in unimpaired or moderately impaired conditions;

1% Source: HD Radio Air Interface Design Description — Layer 1 AM, Figure 5-3, Doc. SY_IDD_1012s, Rev. F, August
23, 2011, iBiquity Digital Corporation.

' See NRSC-R204, DAB Subcommittee, Evaluation of the iBiquity Digital Corporation IBOC System, Part 2 — AM
IBOC, pg. 8, National Radio Systems Committee, April 6, 2002.
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e Reduced adjacent channel interference — every broadcaster who elects to transmit a signal
narrower than £10 kHz will be reducing the overall amount of adjacent channel interference in the
AM band. This is illustrated in Figure 13 for the case where analog signal bandwidth is reduced
from 10 kHz to 7 kHz;

10 kHz signals

/4

t — —t t ¥ f T t } t t >
540 550/ 900 910 920 930 940 950 960 970 980 f, kHz

)
l

: ) 3 3 : N ‘ " " N : >
540 550/ 900 910 920 930 940 950 960 970 980 f, kHz

7 kHz signals

Figure 13. lllustration of reduction in first-adjacent channel interference when reducing signal bandwidth from 10 kHz to
7 kHz - the region of overlapped spectra represents the amount of adjacent channel interference in each case

e Improved signal-to-noise ratio — given that the majority of consumer receivers have audio
bandwidths less than 5 kHz, by concentrating the energy of the AM signal into a narrower
bandwidth, more of this energy will pass through the receiver filter and the listener should
experience a louder, cleaner signal with greater signal-to-noise ratio compared to the same AM
signal broadcast with a +10 kHz bandwidth.

The only disadvantage to reducing the transmitted AM signal bandwidth is that the listener using a
wideband receiver will have no wideband audio to listen to, but since wideband receivers comprise only a
small fraction of the receiver population the impact of this should be minimal.*?

Reduction of transmitted audio bandwidth below 5 kHz is not recommended since this would begin to
constrain the audio to a quality more representative of telephone communications. While some receivers
severely filter the audio below 5 kHz already, it is the elimination of the channel overlap energy with 5 kHz
transmitted audio bandwidth that is believed to provide the greatest reduction in interference across the
AM band. If the majority of stations adopt narrower bandwidths, not only does it reduce interference, but
it also may encourage more receivers to be designed to take advantage of the reduced interference by
increasing their bandwidths to 5 kHz.

4.1 AM transmission preemphasis for analog AM systems with passband less than 10 kHz

AM preemphasis is the boosting of high audio frequencies prior to modulation and transmission. Section
5 of NRSC-1-A describes a standard preemphasis curve and it is recommended that this standard curve
should be utilized even when transmission bandwidths are less than +10 kHz.

Specifically, the preemphasis characteristic described in NRSC-1 should be truncated without scaling for
use with narrower bandwidths. This recommendation presumes that the majority of the AM receivers in

12 Broadcasters should note that the reception bandwidth of test equipment and modulation monitors is not
representative of the majority of consumer receivers — see Figure 7.
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use by consumers have been implemented using the NRSC-standard deemphasis curve (also described
in NRSC-1), so using this preemphasis curve as published, regardless of the actual audio bandwidth
employed, maintains optimum matching between preemphasis and deemphasis.

4.2 Audio envelope stopband attenuation for analog AM systems with passband less than 10
kHz

It is recommended that the specification for the audio envelope input spectrum to an AM transmitter given
in Section 7.2 of NRSC-1-A be met for the stopband portion of the audio filters used in an AM system
operating with a bandwidth less than 10 kHz. Specifically, the system bandwidth should smoothly
transition from the cutoff frequency (assumed to be less than that specified in NRSC-1-A) to levels at or
below those specified in Section 7.2 of NRSC-1-A.

4.3 RF mask for analog AM systems with passband less than 10 kHz

FCC rules (47 CFR 73.44) require that all analog AM transmissions meet the RF mask, which is similar to
the maximum occupied RF bandwidth given in Section 4.2 of NRSC-2-A. It is recommended that, if
practicable, the RF mask be applied in a manner that shifts the £10 kHz starting points of the mask to the
new narrower bandwidth limit. For instance, if 5 kHz were the new audio bandwidth, the mask would start
at £5 kHz, drop to -25 dBc from 5 to 10 kHz, then the remainder of the mask, as published, would apply
(Figure 14). If not practicable, then it is recommended that systems with a passband less than 10 kHz
utilize transition bands that are as steep and selective as practicable so as to minimize the energy overlap
between adjacent channels.

> < Mask
10 kHz BW | boundaries
07 specified in shift 5 kHz
NRSC-2-A r\ - = |

= _— =]

— —
30 /
- L

AMPLITUDE: 10 dB/DIV

Preferred mask
— for 5 kHz
analog audio
-40 case

-50
25 20 -15  -10 -5 0 5 10 15 20 25
CARRIER
FREQUENCY FROM CARRIER: kHz

Figure 14. lilustration of preferred reduction of RF mask for example in Section 4.3
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1 Executive Summary

This study was conducted to determine whether consumers reliably perceive audio
quality differences of AM transmissions at various bandwidths, recorded through
commercialy available receivers, and whether these perceptions would lead consumers
to change their listening behavior.

Under the supervision of the NRSC's AM Study Task Group, laboratory measurement
of consumer AM receivers was completed in late 2005, establishing that the majority of
these receivers have audio bandwidths of 5 kHz or less. Based on those findings,
subjective testing was designed and conducted in two phases between February and
May, 2006. In Phase 1, “broadcast-industry” participants determined an intermediate
bandwidth, between 5 kHz and 10 kHz," to be included in the consumer test (7 kHz was
selected). In Phase 2, consumers judged which transmission bandwidth at 5 kHz, 7 kHz
or 10 kHz had better quality, the magnitude of the differences and whether they would
continue to listen to the radio, given the quality of each of the samples. Testing
included audio samples impaired by first-adjacent channel interference in addition to
unimpaired reception. Consumer test results suggest the following:

e Perceived differencesin audio quality between 5, 7, and 10 kHz bandwidth were
small for most genres. For music, commercials and sportscasts, little difference
was heard between 7 and 10 kHz, regardless of adjacent channel interference
conditions. For speech, which does not mask noise and interference, larger
differences were perceived, based on impairment conditions.

e Inunimpaired or slightly impaired conditions (as determined by the desired-to-
undesired signal ratio, D/U), people tended to prefer higher bandwidths to lower
bandwidths. However, 7 and 10 kHz had equal preference.

e With speech in moderate to heavy impairment conditions participants preferred
lower bandwidths (5 and 7 kHz) to higher bandwidths, despite a mutual
reduction in transmission bandwidth on the desired channel.

e The data suggest that the rather substantial “turn-off” rate with heavy
impairment can be ameliorated by using alower transmission bandwidth.

Overall, although there was some variation in preference between genres and D/U
ratios, the datastrongly suggest that in general consumers preferred lower bandwidths
(between 5 and 7kHz) to higher bandwidths.

110 kHz is the bandwidth specified in NRSC Standards—1, -2, and —3, and is also the maximum transmission
bandwidth allowable under FCC rules.



2 Subjective Testing of AM Transmission Bandwidth

2.1 Introduction

The primary goals of this study were to determine whether (a) consumers would
reliably perceive audio quality differences of AM transmissions at various bandwidths,
as recorded through commercially available receivers, and (b) whether these perceived
differences would lead consumers to change their listening behavior. Because it would
not be feasible in one study to have consumers listen to all possible bandwidths, the
AMSTG decided early in the design process to limit presentation to three
bandwidths:10 kHz, 5 kHz and an intermediate bandwidth, which was determined by an
independent pilot study.?

This document describes results from three independent studies, designed to shed light
on the primary goals identified above. Itisdivided into 3 sections: (a) Phase 1 - results
from a broadcast-industry listener test, designed to determine the third bandwidth that
would be included in the consumer test (7 kHz was selected); (b) Phase 2 - results from
aconsumer test, conducted in April and May, 2006; and (c) results from objective audio
performance measurements of consumer receivers conducted at NPR Labs (during fall
of 2005).

Specific goals of the broadcast-industry participant listening test included:

e Selecting an intermediate bandwidth between 5 and 10 kHz that would be used
in the consumer test. Thiswas necessary to limit the number of test conditions
ultimately presented to general public listeners.

e Providing mean opinion scores of unimpaired transmissions and impaired
transmissions at +6 dB and +15 dB with first-adjacent channel interference.

Specific goals of consumer testing included:
e Determining whether listeners preferred the NRSC and FCC-specified audio
response (10 kHz) or reduced (5 kHz or 7 kHz) audio bandwidth in impaired
transmission conditions (+6 dB, +15 dB and +30 dB D/U ratios)

e Determining how large perceived differences were

e Exploring the conditions under which consumers would change their behavior
(keep listening or turn the radio off).

Specific goals of objective testing included:

e Documenting the audio bandwidth and other performance characteristics of
currently available AM receivers by measuring a representative sample of units;

210 kHz is the bandwidth specified in NRSC Standards—1, -2, and -3, and is also the maximum transmission
bandwidth allowable under FCC rules; 5 kHz represents the maximum bandwidth which can be used without
adjacent-channel AM signals “overlapping.”



e Relativeto 10 kHz audio transmission bandwidth, measuring the change in
adjacent-channel RF interference with sample receivers at reduced audio cutoff
frequencies.

Broadcast-industry participant testing was conducted at multiple locations in the United
States and Canada. Participants included audio engineers, station managers and
engineers. Consumer testing was conducted at Salisbury University, and included
consumers between the ages of 19 and 71. Objective testing was conducted at NPR
Labs, Washington, DC.

2.1.1 Filters used in testing

The Orban Optimod 9200 Digital AM Processor and Telos-Omnia 5EX-HD Processor,
which are used commonly by the broadcast industry, were operated with standard
broadcast settings to prepare the audio used in the listening tests. The identity of the
processor for desired and undesired RF channels was known only to the NPR Labs
staff.®> The transmission bandwidths (10, 7 and 5 kHz) were determined by the lowpass
filters provided in the processors. Measurements of the processors under active
processing are illustrated in Appendix M. Preemphasis for the 10 kHz bandwidth was
the modified 75 microsecond curve specified in NRSC-1. For 5 and 7 kHz bandwidth
the preemphasis was truncated by the filter cutoff frequency.

The lowpass filter frequency had the dominant effect on both objective and subjective
measurements, compared to the preemphasis characteristic. Under program conditions,
the multiband processing and high-frequency peak limitersin the processors tend to
control the transmitted spectral content. The same settings were used for these
processor systems at each transmission bandwidth, however, it is possible that a new
combination of settings for multiband processing, preemphasis and high-frequency
limiting could be subjectively more optimal at lower transmission bandwidths.

2.2 Audio material for test program

For both subjective tests, audio source material was taken from NRSC music test
samples, NPR speech samples, a sportscast and commercials from Greater Media, Inc.
Two principles guided the selection of the genres used for these studies. First, after
listening to several recordings with the test receiversin unimpaired conditions, it
became evident that the difference in audio quality between 10 kHz and 5 kHz was
extremely small in some cases (e.g., speech) and large in other cases (e.g., music).
Secondly, current AM programming is dominated by speech, sports, commercials and
country music, but future AM programming may include other musical styles aswell.
Therefore, we felt it prudent to include recordings from awide variety of genres (Table
1).

Audio samples were recorded through the test bed at NPR using industry-standard
processors with manufacturer’ s recommended settings. One processor was used for the
desired signal; the other was used for the undesired signal. The recording test bed was

3 Each of the processors were tested experimentally with the desired and undesired RF channel; NPR Labs observed
no significant difference in transmission characteristics with either unit and they were considered interchangeable.



identical to the one used in objective testing, documented in Appendix A. NPR
engineers and Ellyn Sheffield parsed, edited and leveled samples to ensure consistency
across samples and trials.

Table 1. Source audio material used in subjective evaluations

Test(s) used in:
No. | Description Source Pilot | Consumer

1 | Commercial female Sun Sounds of Arizona O O

2 | Commercial male Sun Sounds of Arizona O

3 | Garth Brooks sample 1 O O

4 | NRSC Cole O

5 | NRSC Firebird O O

6 | NRSC Santana 0 0

7 | Speech Female NPR Reading Services O O

8 | Speech Male NPR Reading Services O O

9 | Sports Baseball Greater Media O O

2.3 Phase 1: Broadcast-Industry Participant Test

2.3.1 Methodology

In order to obtain information from a variety of industry participants, Phase 1 testing
included broadcast industry personnel from all over the United States and Canada.
Participants took the test at their home or office location. Participants received through
the mail a CD containing 55 play lists, experimental instructions (see Appendix B), a
pair of Sennheiser HD-201 closed-back headphones and 55 answer sheets (see
Appendix C) on which to register their responses. Sound samples were presented to
participants over headphones, directly connected to their computers. Participants
played al audio files through Media Player Classic v6.4.9.

Participants were presented with atotal of 55 listening trials. Thefirst trial was
repeated intrial 27. Thefirst trial was included to familiarize participants with testing
procedures (i.e., listening and response procedures). It was not included in any reported
results. The next 54 trials constituted the actual test.

In each trial, participants listened to 5 audio samples, side-by-side. Samplesincluded
recordings at 5 kHz, 6 kHz, 7 kHz, 8 kHz and 10 kHz bandwidth. The order in which
participants heard samples was randomized for each trial, and each sample was simply
labeled with aletter, “A” through “E”. Therefore, listeners had no knowledge of
individual bandwidths for any given set of samples. After listening to al of the
samplesin the trial, participants were asked to rate each sample using the provided
answer sheets (see Appendix C for an example answer sheet). They were encouraged to
play thelist of audio cuts as many times as necessary to rate each sample. Their job
was to rank-order all samples with unique scores, even if they found the quality of the



samples to be very similar or identical®. For fine discrimination, participants were
encouraged to rate each sample on a 50-point scale, anchored at increments of 10. This
followed the ACR-MOS scale with the exception that participants were able to rate the
samples as “failed” (0). Therefore, participants were advised to assign a number to each
sample between 0 and 50; 0 = “failure”’, 10 = “bad”, 20 = “poor”, 30 = “fair”,

40 ="good”, and 50 = “excellent”.

No recommendation was made concerning the sound cards to be used by participants,
however it was required that all participants use the Sennheiser headphones that they
received in the mailing. Participants were also encouraged to listen in aquiet listening
space, free from both steady-state and temporal environmental noise. Participants were
instructed to listen to half of thetrials and take a 10-minute break. The total listening
time for an experiment was approximately 2 hours. Participants were advised to refrain
from taking the test if they weretired, cranky, had a head cold or severe allergies (or
any other condition that would interfere with their ability to hear small differencesin
audio quality), or had too little time to complete the test in one sitting.

Three listening conditions were included: (&) aclean or unimpaired RF signal, (b) an
impaired signal recorded at +6 dB D/U with first-adjacent channel interference, and ()
an impaired signal recorded at +15 dB D/U with first-adjacent channel interference.
Unimpaired samples were included to provide listeners with the best opportunity to
critically judge the audio quality. At the sametime, +6 dB and +15 dB D/U signals
were included so that experts could evaluate transmissions recorded in real-world,
impaired conditions.

Two receivers were used, the JVC KS-FX490 car in-dash cassette (representing the
median-bandwidth receiver), and the Panasonic CQ-CB9900U in-dash CD/HD Radio
(representing the 80™ percentile bandwidth receiver). Proposed receivers were selected
based on objective measurements obtained in NPR objective testing. (See the following
section, “Audio Measurements of AM Consumer Receivers’ for a discussion of the
selection criteria.)

Samples included male speech, female speech, male commercial, female commercial,
rock, pop, country, classical and sportscast. Participants returned the answer sheets to
Ellyn Sheffield, who supervised the entry of all data.

2.3.2 Participants

Thirty-six industry experts were sent packages. Twenty-one returned their answer
sheets, but three had completed 27 or less of the 54 trials, so their data was eliminated
from analysis. Of the 18 participants, 16 were male and 2 were female. Since most of
the participants were homogeneous in age and predominantly male, preliminary
analyses were not conducted on the data.

* While most participants followed these directions, some respondents gave samples the same score on various trials.
Although this practice did not follow the procedure, the answers were left in tact for data analysis.



2.3.3 Results

Dueto errorsin afew audio CD files, a small amount of data was not collected at 8 kHz
on the Panasonic receiver (for atable of all results broken down by receiver and sound
sample, see Appendix D).

Figure 1 through Figure 3 show the combined results from both receivers. Results
indicate that, in general, participants reported hearing small differences between
samples, although differences were more significantly pronounced in the speech genre
in impaired conditions.

Asshownin Figure 1, in unimpaired signal conditions, listeners generally preferred
higher bandwidths to lower bandwidths; however this effect was not simply linear in
that they regularly preferred 8 kHz to 10 kHz.

Figure 1: Unimpaired Signal Condition (JVC & Panasonic)
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Asshownin Figure 2 inthe +15 dB condition, listeners generally preferred lower
bandwidths to higher bandwidths, although, with the exception of speech, these
differences were very small. 1n speech, they again showed a preference for lower
bandwidths, particularly 7 kHz.

Asshown in Figure 3 in the +6 dB condition, listeners generally preferred lower

bandwidths (5, 6 and 7 kHz) to higher bandwidths (8 and 10 kHz) and in speech
conditions they demonstrated a strong preference for 5 and 6 kHz.
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Figure 2: +15 dB D/U Condition (JVC and Panasonic)
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Figure 3: +6 dB D/U Condition (JVC and Panasonic)
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Given these results, a recommendation was made to include 7 kHz bandwidth as the 3rd
bandwidth for consumer testing. This recommendation was based on two conclusions:

e Inunimpaired and +15 dB conditions, 7 kHz (and 8 kHz) seemed to be favored,
even over 10 kHz in many cases.

e Inthe+6 dB condition, 7 kHz seemed most “different” from 10 and 5 kHz,
thereby giving consumers a viable aternative to both extremes during consumer
testing.

2.4 Consumer Test

241 Equipment and environment

Consumers were tested at Salisbury University, located in Salisbury, Maryland.
Salisbury isasmall city surrounded by suburbs and rural environment, located
approximately 2 hours from Baltimore and Washington. The consumer test lasted
approximately 2 hours, which included training on the equipment, and short breaks.
Consumers were tested individually, in alarge 35’ x 42 room, used primarily for choral
rehearsals at Salisbury University. The room environment was quiet, and remained free
from al outside noise intrusion during testing sessions. Heavy drapes were drawn at
the far ends of either side of the room to reduce the room’ s reverberation time. The
loudspeaker was placed on a stand near the middle of the draped wall. An area carpet
that covered the tile floor was placed between the loudspeaker and the listening
position.

Consumers were seated approximately 5 feet from the loudspeaker (a Genelec field
monitor). A computer monitor was positioned between the loudspeaker and the
listening position. The top of the monitor was positioned several inches below the
bottom of the loudspeaker; therefore it in no way interfered with the listening
experience.

An experimenter showed listeners how to register their responses through software
especially designed to collect consumer response data. Listeners were given the
opportunity to adjust the playback volume during the first practice trial, and this level
was maintained throughout the remainder of the experiment. They controlled playback
of the audio samples but were not allowed to register their responses until each sample
of the sample pair was played entirely.

2.5 Methodology

Based on results from the Broadcast-industry test, consumers were tested on three
transmission bandwidths: 5kHz, 7kHz and 10kHz. Because there were only small
differences in audio quality among bandwidths in +15dB and unimpaired conditions
(unimpaired was a proxy for +30dB), it was critical to select a subjective methodology
that would enhance listeners' ahbilities to discern differences when and where they
occurred. A suitable method that reliability identifies small differences between
samplesisthe A/B pair-wise comparison. In A/B testing, listeners are provided with
two samples. After listening to both samples back-to-back, they can immediately
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register their response. Their judgment, therefore, does not rely on perceptual memory
or an internal reference, as they have heard both samples within arelatively short time
period. A/B methodology is easy to administer, the task is simple for listenersto
master, and therefore it is considered an excellent methodology for discerning small
differences in consumer (i.e., not expert) testing.

Consumers heard seven different samples, including female and mal e speech, voice-
over (commercial), a sportscast, and rock, country and classical music. Over the course
of the entire test, they listened to 189 sample pairs. After listening to 63 sample pairs,
consumers were given a break, and they were given another break after listening to 63
more sample pairs. After listening to each sample pair consumers were asked to judge
which sample they thought had better quality, how big the difference was and whether
they would continue to listen to the radio, given the quality of the samples. Because
consumers were given a “forced-choice” question (i.e., which sample they liked, “A” or
“B"), and because differences were reasonably small, consumers were told that they
would occasionally come across samples that sounded quite similar, perhaps even equal
in quality. They wereinstructed to “do their best”, picking the one they felt was slightly
better and that in question 2, they would have the opportunity to report that the
difference was negligible or non-existent. The complete Experimenter script is
described in Appendix E. For each radio at each D/U ratio, all combinations of
comparisonswere included: 5kHz vs. 7 kHz; 5 kHz vs. 10 kHz; and 7 kHz vs. 10 kHz.

2.5.1 Participants

Forty-four listeners (23 males and 21 females) were recruited for the consumer test,
distributed between 19 and 71 years of age. Datafrom 40 qualified listeners was
collected, where qualification was based on a post-hoc screening test designed to
eliminate outliers. Two listeners were eliminated because they failed to complete the
listening test. An additional listener was eliminated because he did not reach criterion
on the post-hoc screening analysis. A fina listener was eliminated in order to make
even the number of responses from each gender. Table 2 shows the demographic
breakdown of listeners. Listenerswere recruited from several sources, including a
general e-mail posting to students, faculty and members of the Salisbury University
community, and flyers posted in Salisbury and the surrounding areas.

Table 2 — Distribution of Listeners

Age (years) Male Female
18-29 5 6
30-39 5 4
40-49 5 4
50+ 5 6

2.5.2 Results: Bandwidth Preference

Figure 4 through Figure 7 show listener preference, divided by genre. For the purpose
of analysis and presentation, individual cuts were grouped together in 4 genres. speech,
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music, commercials and sportscast. For a complete table of results, see Appendix F.
Each figure shows the percentage of participants who picked one bandwidth over
another (e.g., 5 kHz over 10 kHz) at various D/U signal conditions by receiver.
Because thiswas aforced choice test (i.e., participants were asked to choose which
sample, “A” or “B” had better quality) and there were three combinations of forced-
choice pairs (i.e., 5kHz vs. 7 kHz; 7 kHz vs. 10 kHz; 5 kHz vs. 10 kHZz), 33%
represents the level of responses that would be considered “at chance”. Asarule of
thumb, any positive or negative difference from 33% of 12 percentage points (i.e., 45%
or 21%) should be considered significantly different from chance. Thus, finding that
21% or 45% of respondents preferred a particular bandwidth in an individual condition
should be considered significant.

Notice that the findings for “ speech” follow a significantly different pattern than
findings for al other genres. Participants clearly favored 5 kHz and 7 kHz in speech,
whilein music and commercials (except for 6dB in the median and 80% receiver
conditions) preferences were not clearly articulated. 1n sportscast, participants
demonstrated a slight preference for higher bandwidths.

Figure 4: Speech Results for Three Receiver Bandwidths (20%, Median, and 80%)
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Figure 5: Commercial Results for Three Receiver Bandwidths (20%, Median, and 80%)

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

15dB
20% Median 80%

O5kHz 0.14 0.23 0.38 0.31 0.31 0.35 0.20 0.30 0.58

W 7kHz 0.43 0.38 0.38 0.43 0.41 0.47 0.39 0.42 0.38
O10kHz| 0.43 0.38 0.25 0.27 0.28 0.18 0.41 0.28 0.03

Figure 6: Music Results for Three Receiver Bandwidths (20%, Median, and 80%)
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Figure 7: Sports Results for Three Receiver Bandwidths (20%, Median, and 80%)
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2.5.3 Results: Magnitude of Preferences

Because Broadcast-industry experts indicated that differencesin audio quality between
bandwidths were reasonably small in amajority of cases, we felt that it was particularly
important to characterize the magnitude of consumer responses. Consumers were asked
in two ways to qualify their responses: (a) to indicate how large the difference was
between the two samples; and (b) to suggest where they might turn the radio off instead
of continuing to listen to the broadcast. Obviously the latter question, often referred to
asa“threshold” question, is an extreme measurement of dissatisfaction, and must be
interpreted very carefully. Itiswidely accepted that motivation interacts heavily with a
consumer’ s decision to turn off aradio program. That is, if a consumer isinvested
heavily in the content of aradio program, s’he will be far lesslikely to turn off the
program, regardless of audio quality. Thus, the best way to interpret this dataisto
focus on the relative differences in bandwidths, not the absolute turn off rates.

Figure 8 through Figure 11 show how large a difference they felt they heard between
the two samples. Answersranged from “I didn’t hear a difference, you made me pick”
to “I heard an extreme difference”. For the purpose of analysis and presentation, 5
response categories were collapsed into 3 categories (as shown in Table 3) and receivers
were collapsed. For complete data, see Appendix F.
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Table 3 — Categories collapsed for analysis

Original category Collapsed category
| didn't hear a difference, you made me pick No difference

The difference was noticeable but very small Difference

The difference was somewhat noticeable Difference

The difference was noticeable Big difference

The difference was very noticeable Big difference

Notice that, as with preference responses, speech followed a significantly different
pattern than all other genres. Consumers reported hearing much larger differencesin
speech, particularly in the +6 dB noise conditions. Thisis not surprising given the
density profile of speech versus music, sports and commercials, and the extreme level
of impairments found at +6 dB. Nevertheless, because participants reported hearing the
biggest differencesin the noisiest condition (+6 dB), we may infer that they are most
often equating the concept of “difference” with noise on the sample (in this case 1st
adjacent channel noise). These data, taken together with preference data suggests that
the single most important criteria consumers use when judging AM transmission audio
quality (in this case preferring one bandwidth over another) is the amount of
interference noise they hear on the sample, and not necessarily fidelity.
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Figure 8: Differences heard in speech for Three Impairment Levels (30dB, 15dB and 6dB)
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Figure 9: Differences heard in commercials for Three Impairment Levels (30dB, 15dB and
6dB)
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