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ABSTRACT

A time-shift applied to individual tracks that removes timing differences between microphones, called “phase
alignment,” is frequently promoted as a way to improve the clarity and definition of live-recorded drum tracks.
Common techniques include manual and automated micro-timing adjustments and switching the electrical polarity
of “problem” tracks. This study aimed to determine if there was a clear audible difference between an original and
corrected recording. Using a paired comparison test, listeners were asked whether two audio samples were the
same or different, and later, asked for individual preference between the two samples. Evidence here questions the
tacit assumption that time-shift techniques have the claimed influence to greatly improve, or even appreciably alter,
the observed quality of a drum mix.

1 Introduction

Using more than one microphone to record a single
source introduces the possibility of constructive or de-
structive phase interplay between microphone signals
[1]. In drum recordings, the most common sources of
potentially destructive phase issues are the different
arrival times of drum set components (snare, toms, bass
drum, etc.) at individual microphones placed around
the drum kit [2]. Given specific stimuli, listeners can re-
liably detect changes in sound quality caused by phase-
oriented interactions [3].

In the popular press, many recording engineers advo-
cate for so-called “phase aligning” of drum tracks as a
way to improve the clarity and definition of the record-
ing [4, 5]. Common “corrections” include switching
the electrical polarity of individual tracks and timing
adjustments between tracks ranging from as low as 10
micro-sec for 96 kHz sample rate to 30 ms (or greater)
to account for distances between the drums and over-
head or room microphones. The focus of this study was

to determine if listeners could differentiate between
drum tracks that had and had not been “phase aligned”
and if listeners would recognize and favor a snare drum
track with a change in polarity on the bottom-head
microphone.

2 Prior Art

Drum kit recording has evolved into an art, craft, and
science where techniques range from using a few mi-
crophones strategically placed in proximity of the drum
kit to utilizing any number of microphones to capture
each individual component of the instrument (i.e., bass
drum, snare drum, each tom drum, cymbals, etc.). Vari-
ous best practices and specialized techniques have been
documented and detailed over the years in both the
popular press, academic journals, and in several well-
known instructional texts such as [6] and [7].

In common practice, a microphone is assigned to each
individual drum and cymbals are captured as a group
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Fig. 1: Illustration of a single signal at two micro-
phones. The difference in distance of each
microphone from the source will govern the
interaction of the two signals when summed.

via “overhead” microphones placed some distance
above the drum kit. Often, two microphones are used
to capture the top and bottom of the snare drum and
the front and back of the bass drum. Additional micro-
phones may also be employed to capture reverberation
from the room in which the drum set is being recorded.

The management of individual source signals at multi-
ple microphones introduces unique challenges. When
two microphones that carry the same signal are blended
electronically, the resultant signal is the sum of the two.
If the two microphones are not precisely equidistant
from the source, the sonic quality at the output can
be, for better or worse, greatly altered through comb
filtering [8] commonly referred to as “phasing.” Fig. 1
illustrates a basic scenario with drum recording where
this problem may arise. The outcome of the interaction
is distant-dependent on the following formula:

c/|∆1−∆2|= f (1)

where: c is the speed of sound, Delta is the distance to
each microphone from the source, and f is the lowest
accentuated frequency in a set of frequencies that will
change the harmonic content of the drum’s sound [9].
Multiples of f will add together and frequencies half-
way between the multiples (i.e., f 1, f 2, f 3, etc.) will
subtract. For an excellent visualization of the effect of
comb filtering on the resultant blended signal due to
changes in Delta, see [10] figures 1-3.

One of the techniques used to address comb filtering
is to place microphones such as the overhead micro-
phones 1 and 2 in fig. 1 close together in what is called
a coincident relationship where all sources arrive at the
two microphones synchronously [11] thus eliminating
any time difference between the two signals. Another is
to follow the so-called “3-to-1 rule” [12, 13] where any
secondary microphones in the vicinity of the source
instrument are placed at least three times the distance
of the primary microphone from the source. This tech-
nique ensures the level of the secondary signal, relative
to the primary signal, is low enough that any construc-
tive and destructive effects are minimized and masked
by the relative strength of the primary signal.

With a snare, tom, and bass drum, because the primary
microphones are usually placed only a few inches from
the drum head it is easy to place microphones at dis-
tances that take advantage of the 3-to-1 rule. With
regard to drum recording, close-mic techniques are ef-
fective at minimizing a noticeable interaction between
microphones when combined for the final blend of the
drum kit. Problems are claimed to arise when overhead
microphones are introduced into the blend or when
multiple microphones are placed on a single drum. For
example, again using fig. 1 as a reference, the sound
of the snare drum will arrive at its primary microphone
well before it arrives at the overhead microphones and
some drums (e.g., snare) are typically recorded with
a microphone on each side of the drum or with a mi-
crophone placed inside and outside of the drum (e.g.,
bass).

“Correcting” the signals through time adjustments so
that the snare drum, overhead microphone 1 and mi-
crophone 2 all start at the same time (i.e., “line up”)
is claimed to give the resultant blend “more transient
smack” and thus will better “cut through” the mix [14].
In the case of the top and bottom snare microphones
which are on opposite sides of the drum, there is the
assumption that the batter and snare heads act together
as one membrane always moving in the same direction
and the recorded signals are always inverted. Conse-
quently, it is common practice to reverse the polarity
of one of the microphones so that it will “match” the
other and thus give a “fuller” sound [15]. However, it
is worth noting this assumption and practice discounts
the fact that drum heads have multimodal resonances
that result in patterns with considerably more complex
relationships [16, 17].
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Modern audio engineering, sound recording, and music
mixing require that multiple signals are constantly be-
ing captured, edited, and re-blended to achieve desired
technical and artistic outcomes. Therefore, the effects
of summing signals with differing phase and polarity
relationships has been well studied and most often ap-
plied with careful microphone placement during the
recording process [18, 19].

On the other hand, the ability to easily manipulate
and compare signal relationship adjustments across the
spectrum during the mixing process is a relatively re-
cent innovation and even though recording engineers
and technicians have long utilized spatial manipulation
of the microphone to make adjustments of the sound
during the recording process there is a general lack of
empirical confirmation that listeners are highly sensi-
tive to such changes as those currently associated with
and recommended for improvement of pre-recorded
drum tracks.

The simple listening experiment employed here was
designed to establish whether or not listeners could
detect a snare drum that had been “phase aligned” by
manipulation of the overhead tracks and to determine
if listeners would favor a drum track with a change in
polarity of the bottom-head microphone track.

3 Methods

The null hypothesis assumed subjects would not be able
to detect whether phase alignment or polarity reversal
techniques had been applied to a drum set recording.
Seven different excerpts, two-bar phrases and a drum
fill, were taken from high quality multi-track recordings
[20, 21]. Two paired versions of each clip were created
where tracks were either phase aligned, remained as
originally recorded, or had the bottom track of the snare
drum’s electrical polarity reversed.

Utilizing a paired-comparison paradigm [22] subjects
were asked to identify whether two tracks played in
succession were either the same or different, quanti-
fied as correct (1) or incorrect (0). Twelve subjects
participated in four randomized and counterbalanced
sets comprising forty trials each (twenty same + twenty
different).

The first set presented an isolated (ISO) condition us-
ing only the top snare and overhead tracks where the
overhead tracks were time-aligned (TSA) or not (TSN)
with the top snare track. For these samples, only the

Table 1: Sample list with overhead track correction
times.

Sample Artist Correction(ms)

A Alchemy 16
B Cole 37
C Blaton 10
D Arau jo 9
E Balazs 8
F Chalga 12
G Maciwoda 10

top microphone track was active. Timing adjustments
ranged from 8 ms to 37 ms (see table 1 for track list
with modification times). The second set incorporated
the same modification but with a full blend of all el-
ements of the drum kit (FULL). Sets three, four, and
five tested polarity reversal on the bottom snare track
in ISO and FULL conditions respectively where the
final set presented twenty trials with the bottom snare
reversed (BSI) or as recorded (BSO) and asked subjects
to identify which clip they preferred.

Subject ages were clustered in the mid-20s. All subjects
reported normal hearing, had completed a graduate-
level course in critical listening, and some had semi-
professional audio engineering training and production
experience. Subjects here would generally be consid-
ered more experienced than “novice” but not yet “ex-
pert” listeners. Subjects were not aware of the purpose
of the experiment. Subject responses were recorded
and tabulated via Scantron [23] response sheet.

The listening test took place in a group setting in an
acoustically treated classroom using high-quality cir-
cumaural headphones. Each sample was about five to
seven seconds long. Each trial presented two samples
with a one second pause in between and a five-second
pause allotted for the response time. In total, the exper-
imental trials took about sixty minutes to complete.

4 Results

Data were segregated by whether or not a paired trial
repeated a stimulus (SAME) or comprised stimuli with
the phase-alignment or polarity treatment applied to
one of the stimuli (DIFF). SAME trials served as con-
trol for which subject performance could be compared.
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Fig. 2: Plot of response data by subject for the control
(SAME) condition where the overhead tracks
were time-aligned (TSA) or not (TSN) with the
top-snare drum.

Fig. 3: Plot of response data by subject for the control
(SAME) condition where the polarity remained
as recorded (BSO) or was reversed (BSI) on the
bottom track of the snare drum.

Given the binomial nature of the test design, data were
scored separately within each respective comparison
group where α criterion p = .041 corresponded with
seventy-five percent correct or twenty-five percent in-
correct responses across twenty trials (i.e., fifteen or
five of twenty responses) [24]. In figures 2 through 5,
the criterion for reliable detection of a control or experi-
mental variable is shown by the upper and lower dashed
lines at fifteen and five correct hits. For the binomial
probability [25], these are equivalent outcomes and
one must assume successful detection of the treatment
variable in either case.

For the SAME condition (Fig. 2 and Fig. 3) all com-
parison categories surpassed the population criterion
of fifty percent or greater [26] where all but two sub-

Fig. 4: Plot of response data by subject for the exper-
imental (DIFF) condition where the overhead
tracks were time-aligned (TSA) and not time-
aligned (TSN) with the top-snare drum.

Fig. 5: Plot of response data by subject for the exper-
imental (DIFF) condition where the polarity
remained as recorded (BSO) and was reversed
(BSI) on the bottom track of the snare drum.

jects obtained criterion in at least one of the variable
categories confirming all but two (M = 0.83) subjects
(5 and 10) could perform the experimental task.

For the DIFF trials (Fig. 4 and Fig. 5) an even fifty
percent of subjects reached criterion in the FULL BSO
vs BSI comparison. All other paired comparisons fell
short of demonstrating detectability with only three,
two, and four subjects respectively able to reach crite-
rion in the TSA vs TSN ISO, TSA vs TSN FULL, and
BSO vs BSI ISO trials.

For the BSO vs BSI preference test, results were almost
evenly split where 121 (M = 0.51) of 240 responses
favored the polarity-corrected excerpt and 119 (M =
0.49) responses preferred the “as recorded” excerpt.
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For the six subjects that reached criterion in the FULL
BSO vs BSI test, fifty-six responses (M = 0.47) selected
a polarity-corrected excerpt and sixty-four responses
selected an “as recorded” excerpt (M = 0.53). Subject-
by-subject analysis did not reveal identifiable patterns
suggesting choices here were likely driven by chance.

Analyses also revealed no identifiable patterns for any
influence of the seven different excerpts with 33 percent
to 52 percent correct discrimination across the five clips
used in the phase-alignment trials and 16 percent to 46
percent correct discrimination across the five clips used
in the polarity-reverse trials.

5 Discussion

Eight of twelve subjects depicted in Fig. 2 demon-
strated an ability to reliably recognize when the two
samples comprised the same treatment as either “cor-
rected” with the time-alignment process applied and
as originally recorded with no treatment. Six of the
eight surpassed the detection criterion in both condi-
tions where the snare and overhead tracks were isolated
(ISO) or when the full drum set was playing (FULL).
Four subjects failed to reach the criterion in either type
of trial.

The plot in Fig. 3 for the top and bottom snare drum
polarity trials show a very similar pattern among sub-
ject performance. Two subjects, 5 and 10 again failed
to reach detection criterion in both the ISO and FULL
trials. Additionally, two other subjects (2 and 3) who
were successful in the time-align trials also failed to
reach detection criterion in the polarity test. Six of
twelve subjects demonstrated an ability to reliably rec-
ognize the paired stimuli were the same when, in fact,
they were the same. In total, again, eight of twelve
subjects demonstrated an ability to reliably recognize
when the two samples comprised the same treatment in
at least one of the playback conditions, ISO or FULL.

Figures 4 and 5 plot data for the experimental trials
where one of the samples was the originally recorded
track and the other was the altered track, either time-
aligned or polarity reversed. When one sample had the
overhead tracks time-aligned with the top-snare drum
and the other was not, all but four subjects (1, 6, 7,
and 9) show guessing performance. As a group, in the
time-alignment test, these were the only subjects able
to reliably demonstrate an ability to recognize when
the two samples were different (Fig. 4). Evidentially,

the task was extremely difficult where only one third of
this population demonstrated capability of performing
the charge.

The outcome for the polarity reversal test (Fig. 5) re-
vealed an interesting result. All seven of the twelve
subjects that demonstrated an ability to recognize when
the two samples were different in at least one of the
playback conditions, executed their responses in re-
verse order. Regardless, results here clearly show the
majority of subjects could recognize when the polar-
ity had been reversed on the bottom snare drum track.
The evidence that subjects can detect this change in a
stimulus does not carry any surprising element as the
resultant effect from the process of blending two sig-
nals such as these is simply a drastic change in timber.
One would expect most individuals with normal hear-
ing and a basic command of the descriptive language
of acoustics to recognize there is something different
between these two stimuli.

Results from this experiment suggest that subjects
could not hear differences between stimuli in the time-
align test but could in the polarity-reverse test. Observa-
tions align with previous studies, where discrimination
of so called “phase anomalies” has been seen to be
highly and often selectively subject-dependent. Here, a
single subject (9) demonstrated an ability to correctly
detect when the stimuli were either the same or differ-
ent in all eight experimental conditions presented in
this investigation. Preferences for one type of stimuli
over the other were split nearly down the middle when
looking at the population as a whole. Additionally,
when considering subjects that reliably indicated they
could hear differences between stimuli, there was no
distinct preference for so-called “phase corrected” over
the not-corrected samples.

This experiment examined discrimination and prefer-
ence for time alignment of drum tracks in isolation
without additional musical elements. While not tested
herein, the authors acknowledge it is possible, one
could argue, that differences in individual tracks re-
sulting from the alignment process might alter the per-
ception of the final mix when not in isolation. For
example, in an instance where a given track appears to
"cut through the mix" possibly when time alignment of
certain elements causes a slight increase in the apparent
loudness or fullness of the resultant signal. However,
because loudness is an obvious and controllable factor
it was compensated for within the test design in order
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to remove it from potential influence as a confound-
ing factor. It stands to reason that alterations in the
apparent quality or character of a signal that would go
un-noticed when isolated from the other musical ele-
ments of a mix are, more practically speaking, unlikely
to also be great enough to cause a given signal to then
be noticed when blended into the other elements within
a given mix.

The authors also recognize that final mixes are con-
structed through many small changes that often go
unobserved when the listener is unaware of the de-
tails behind any specific alteration and that there may
be any number of technical reasons for utilizing time-
alignment techniques. For example, corrections may be
applied because of how phase affects secondary signal
processing such as the application of equalization, com-
pression, or limiting as applied to a drum stem or mix
bus. This study has considered only those claims asso-
ciated with correcting the drum track itself and whether
those alterations might be readily noticeable by listen-
ers who were, in fact, listening for and expecting a
change in the signal.

6 Summary

This study investigated whether or not listeners could
reliably determine when a drum track had been phase-
corrected or had the polarity reversed on one of the
snare drum microphones. Findings from this ex-
periment contradict the widespread belief that time-
alignment of drum tracks in a typical studio recording
are mandatory and essential fixes in music production.

Results provided no evidence aware listeners could
identify when phase-alignment techniques had been
applied. Changing the polarity relationship between
the top and bottom snare microphones was identified
at the minimum population a criterion showing results
from a polarity change was noticeable. However, even
when listeners could detect a difference in reversal of
the polarity on the bottom snare drum track, there was
no distinct preference for a so-called “phase corrected”
version over the recorded “as is” version.
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