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The closed quotient, i.e., the ratio between the closed phase and the period, is commonly studied in

voice research. However, the term may refer to measures derived from different methods, such as

inverse filtering, electroglottography or high-speed digital imaging (HSDI). This investigation com-

pares closed quotient data measured by these three methods in two boy singers. Each singer pro-

duced sustained tones on two different pitches and a glissando. Audio, electroglottographic signal

(EGG), and HSDI were recorded simultaneously. The audio signal was inverse filtered by means of

the DECAP program; the closed phase was defined as the flat minimum portion of the flow glottogram.

Glottal area was automatically measured in the high speed images by the built-in camera software,

and the closed phase was defined as the flat minimum portion of the area-signal. The EGG-signal

was analyzed in four different ways using the MATLAB open quotient interface. The closed quotient

data taken from the EGG were found to be considerably higher than those obtained from inverse

filtering. Also, substantial differences were found between the closed quotient derived from HSDI

and those derived from inverse filtering. The findings illustrate the importance of distinguishing

between these quotients. VC 2012 Acoustical Society of America. [DOI: 10.1121/1.3662061]

PACS number(s): 43.70.Jt, 43.75.Rs, 43.75.Yy [CHS] Pages: 435–441

I. INTRODUCTION

The closed quotient (CQ), i.e., the ratio between the

closed phase and the period, is frequently studied in voice

research and is used to describe vibratory patterns and modes

of the vocal fold oscillations. Correspondingly, the open

quotient (OQ) is defined as the ratio between the open phase

and the period, so OQ = 1�CQ.

There are different approaches to measuring CQ. High-

speed digital imaging (HSDI) of the glottal area offers a

direct view of the glottis allowing determination of the

closed phase. However, there are certain limitations: to

obtain useful images, the subject has to produce an /i/-like

vowel and has to phonate in an unnatural position with a la-

ryngoscope in his mouth. Also, determining the exact

moment of flow interruption is not trivial, since vocal fold

closure may be initiated in the lower, less clearly visible part

of the folds.

Ideally, the inverse filtered airflow shows clearly

whether the glottis is closed or open, since in case of total

glottal closure there should be no airflow. For adult male

voices, there seems to be good accordance between the

results of the CQ from inverse filtering and from HSDI.1

However, the CQ determined from oral flow can differ from

the CQ derived from HSDI. This may be caused by a glottal

piston effect, i.e., an airflow produced by a vertical move-

ment of the closed glottis.1 Inverse filtering becomes increas-

ingly difficult at high fundamental frequencies (F0) when the

first formant frequency F1 is close to F0.
2 Hence, its use for

the investigation of children’s voices is limited to their lower

F0-range.

Both inverse filtering of the airflow and HSDI allow

identification of glottal chinks. In those cases it is possible to

define the closed phase as the part of the vibration cycle

where the glottis is maximally rather than completely closed

and where the airflow is minimum, although not zero. The

beginning and often also the end of the closed phase thus

defined is typically characterized by a knee in the airflow or

glottal area waveforms, i.e., a peak in the derivative of these

signals.

A third common approach to estimate the closed phase

is electroglottography (EGG) or its cousin, referred to as

laryngography (ELG). The EGG signal corresponds to the

vocal fold contact area only if several conditions are met.3

For example, the angle between the electrodes should be as

small as possible (ideally they should be parallel) to avoid

noise in the signal, and the dimensions of the electrodes

should be comparable to those of the glottis to avoid nonlin-

ear effects (Ref. 3, pp. 4,5). Because the EGG signal reflects
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contact, not closure, leakages caused by glottal chinks can-

not be ascertained with this technique. Consequently, distin-

guishing between closed quotient as determined by means of

inverse filtering or HSDI and the contact quotient (CQEGG)

as measured via EGG has been recommended.4

Ideally the phase of maximum contact should be identi-

cal with the closed phase. However, in a recent study con-

cerning register transitions, CQEGG was found to be poorly

correlated with the CQ derived from HSDI.5 Herbst and

Ternström even proposed the term “quasi contact quotient”

for the quotient calculated from the EGG signal since the

EGG does not always reflect the contact and decontact

events, and since the commonly used methods for calculat-

ing CQEGG do not always offer values with a clear physio-

logical correlate.4

Low reliability of the CQEGG has been reported for higher

F0 of male phonations.6 Particularly for breathy or falsetto-

like phonation the common ways of calculating CQEGG have

been found unreliable.4,7 As glottal chinks and a certain

amount of breathiness seem to be normal in children’s voices,8

special care must be taken in determining the closed phase in

such voices. However, the CQEGG method is commonly used,

because it is non-invasive and not restricted to lower F0.

Reported CQ- and CQEGG-values for children9–13 differ con-

siderably, depending on the method used (Tables I and II).

Two investigations have compared CQEGG and the

closed quotient as derived from HSDI of identical examples

in adult male voices.5,6 In addition, one investigation has

compared EGG waveforms with flow glottograms and with

glottal area waveforms derived from HSDI1 in one

single male subject with a trained voice. Indeed most com-

parisons between CQEGG and CQFlow or between different

CQEGG-measurements were performed on adult male sub-

jects (see, e.g., Refs. 4, 7, and 14). Such comparisons may be

still more revealing if applied to cases with non-complete

glottal closure, such as typically occurring in children’s voi-

ces. The aim of the present study was therefore to simultane-

ously acquire EGG, flow (derived from audio) and HSDI

signals from child voices, to compute the associated closed

quotients and contact quotients, and compare the results.

II. METHOD

Two boys from the boys choir Freiburger Domsingkna-

ben (one treble or soprano, age 11.4 and one alto, age 12.2

years) served as subjects. Both had professional singing

training (once or twice a week, respectively) for more than 3

years. Henceforth, they will be referred to as the “soprano”

and the “alto,” respectively.

The singers were asked to sing a sustained /i/-vowel on

the pitches of D4 (F0 = 294 Hz), and D5 (F0 = 587 Hz), and a

glissando from D4 to D5. Thus three examples of each singer

were recorded. Intonation inaccuracies were disregarded.

HSDI was performed with the HERS-Endocam, endo-

scope angle 90�, 4 000 frames/s (Wolf, Knittlingen, Ger-

many), as described elsewhere.5 Simultaneously the audio

and the EGG-signals (Electroglottograph E90, F-J Electron-

ics, Ellebuen, Denmark) were recorded. After identifying the

thyro-hyoid and thyro-cricoid gap the EGG electrodes were

placed symmetrically on the thyroid cartilage with a pro-

jected distance of approximately 2 cm between the electrode

centers. The audio signal was picked up at a distance of

approximately 10 cm from the lips by an omni-directional

Sennheiser KE 4-211-1 microphone mounted on the laryngo-

scope. The recordings were made in a medical examination

room without special acoustic treatment. No calibration of

SPL was made. The glottal area of the high-speed images

was automatically detected by means of the ENDOCAM Soft-

ware. The results were exported to data files containing the

frame numbers and the glottal areas measured in pixels. The

area data were then normalized in MATLAB
15 to a maximum

of 1, resampled to 44 100 Hz and exported as a wav-file. The

audio and EGG signals were also exported as wav-files with

the same sampling rate from the ENDOCAM workstation.

The three channels, i.e., area, EGG and audio, were

imported to the SOUNDSWELL-workstation (SOUNDSWELL Core

Signal Workstation 4.0, Saven Hitech, Täby, Sweden). Addi-

tionally, the derivative of the EGG-signal (dEGG) was calcu-

lated and added as a fourth channel. Due to different original

sampling rates of EGG and high speed imaging and other

technical limitations of the recording system, no exact syn-

chronization was possible between the glottal area, derived

from the HSDI, and the remaining channels. The examples

were analyzed in six different ways as illustrated in Fig. 1.

Using the MOQ MATLAB Interface developed by Hen-

rich16 the EGG was analyzed in the four different ways pro-

vided by that software:

(a) DEGG DECOM: This algorithm interprets a negative

peak of the dEGG-signal as the beginning of the contact

phase, and a subsequent positive peak in the same cycle

as the end of the contact phase.14

TABLE 2. Values of CQEGG in children’s voices according to the indicated

investigations.

Author

Contact

quotient Method, criterion

Label of the measured

parameter

Robb 1990a 43–71 % EGG, 50%-criterion Contact quotient

Cheyne

1999b

43–65 % EGG, algorithm coming

with Laryngograph

(Kay Elemetrics)

Open quotient

Barlow

2005c

35–50 % EGG, 3/7-criterion Electrolaryngographically

derived closed quotient

aReference 11.
bReference 12.
cReference 13.

TABLE 1. Values of CQFlow in children’s voices according to the indicated

investigations.

Author Closed quotient Method, criterion

Label of the measured

parameter

Stathopoulos

1997a

29–40 % Inverse filtered flow,

20% criterion level

Airflow open

quotient

White 1997b 14–22 % Inverse filtered flow,

flat part of signal

Closed

quotient

aReference 9.
bReference 10.

436 J. Acoust. Soc. Am., Vol. 131, No. 1, January 2012 Mecke et al.: Comparing closed quotient in child voices

A
u

th
o

r'
s 

co
m

p
lim

en
ta

ry
 c

o
p

y



(b) Hybrid method: The beginning of the contact phase is

identified as in (a), but its end is estimated as the

moment when the inverted EGG-signal reaches a value

of 3/7 of its maximum.17,18

(c) 50%-threshold: Beginning and end of the contact phase

are defined by a threshold of 50% of the peak-to-peak

amplitude of the EGG-signal.19

(d) 65%-threshold: As in (c), but with a 65% threshold.18 In

the MOQ-Interface this method is labeled as “35%-

threshold,” but as the authors use an inverted signal to

define the threshold (Ref. 14, p. 1323), this value equals

a 65%-threshold (see Rothenberg19).

The audio signal was converted to flow by integration

and inverse filtered using the custom-made DECAP
20 program

developed by Granqvist. The integration offers a signal pro-

portional to the AC portion of glottal flow, however,

neglecting the DC flow component. The DECAP program

processes the input signal by a set of inverse filters, the fre-

quencies and bandwidths of which are set manually. The

program can display the spectrum and waveform before and

after the filtering. A ripple-free closed phase and a smooth

source spectrum envelope of the signal were used as criteria

for tuning the filters. The dEGG signal was used as an addi-

tional sign of the occurrence of vocal fold contact. Thus in

this sense the EGG and the flow signals are not entirely

independent of each other. On the other hand our focus was

the duration of the closed phase, and the determining of the

moment of glottal flow onset was independent of the EGG

signal.

An abrupt reduction of the rate of airflow decrease dur-

ing the closing phase was taken as the onset of the closed

phase. The termination of the closed phase was identified as

the moment of sudden increase of transglottal airflow (see

Fig. 1). The measurement of the flow glottogram properties

was carried out by means of the semi-manual custom-made

software S-NAQ
21 developed by co-author S.G. It requires

manual setting of the period and the closed phase and then

automatically calculates F0, CQ and other parameters.

No inverse filtering was carried out for the sustained

high pitched vowel, since the method is unreliable under

such conditions.2 However, we still inverse filtered the high

frequency part of the glissandi using the same formant fre-

quencies as for the lower F0 of the same glissando, thus

assuming that the subjects did not change their vocal tract

shape. In these samples the inverse filtered signal sometimes

failed to show a closed phase, so CQFlow = 0 was logged.

The duration of the closed phase in the HSDI area data

was measured manually. Mostly, the area signal showed a

flat minimum part which was accepted as the closed phase.

In some cycles no such flat part was identifiable. If the

neighboring cycles contained flat parts, these were used. If

all neighboring cycles lacked such signs of a closed phase,

the closed quotient was recorded as 0.

Summarizing, a total of six quotients were determined:

four different contact quotients (CQEGG) and two different

closed quotients (CQFlow and CQArea). As all of these param-

eter values showed some variation during the sustained

notes, mean values were calculated. For each CQEGG, all

measurement points were averaged. In one example where

the EGG disappeared for a short time, the corresponding

measurement points were excluded from the averaging. The

EGG amplitude was low and the signal contained some ran-

dom variation, presumably caused by the short and thin

vocal folds of the boys, combined with incomplete glottal

closure. An additional difficulty would be a wide angle of

the thyroid cartilage typical of boys’ larynges.3 The random

component of the EGG signal will obviously reduce the

accuracy of the CQEGG-values, but a certain contribution to

the standard deviation may emerge from jitter and shimmer.

For the CQArea, three measurements were taken from

different parts of each tone and averaged. An obvious source

of error is the relatively low frame rate of the high speed

camera. As the interval between the video frames was

0.25 ms, the maximum error in the estimation of time coor-

dinates was 0.25 ms. As two time coordinates were deter-

mined, one for the beginning, one for the end of the closed

phase, the maximum error for the duration of the closed

phase amounts to 0.5 ms which equals 15% of the period for

the low F0 and 30% of the period for the high F0 in our

experiment. As these values were greater than the standard

deviation, they were used as error margins.

For the CQFlow, measurements were made at the same

time coordinates as for the corresponding CQArea. To get an

estimate of accuracy, the CQFlow measurements were done

by three experts. Thus, nine (three measurement points� 3

experimenters) measurement values were obtained for each

example and averaged. The results are collected in Table III,

the standard deviations and standard errors can be found in

Table IV. The three experimenters’ values of CQFlow agreed

reasonably well, except for some cases. In these cases

the discrepancies resulted mainly from differing formant

frequency settings, which were sometimes difficult because

of the wide distance between the partials. The standard devi-

ation was similar to those derived from the CQEGG, while

the standard error was higher for the CQFlow measures, due

FIG. 1. From top to bottom, inverse filtered flow (from audio signal), EGG,

EGG-derivative, glottal area, respectively, of the sustained low tone sung by

the soprano. The signals were synchronized manually for illustration pur-

poses. In each of these signals the relevant closed phase or contact phase

(CP) is marked. None of the signals is calibrated.
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to fewer measurement points. The averages across all nine

values were accepted as the best estimate of CQFlow.

III. RESULTS

Both subjects showed a posterior glottal chink during

the phonation. The definition of the closed phase was there-

fore modified such that it reflected the quasi-closed phase,

i.e., the duration of a sequence of minimum values of glottal

area.

Generally, the values of CQEGG were considerably

higher than the CQFlow and the CQArea. The latter generally

included the lowest values, below 20% in most cases.

The different definitions of the closed phase based on the

EGG signal resulted in different CQEGG-values, as expected.

Not surprisingly, the 65%-threshold produced the highest

CQEGG-values. For the other CQEGG-values no clear tend-

ency to higher or lower values was noticeable. However, the

differences between all CQEGG-values were small as com-

pared to the differences between the CQEGG-values on the

one hand, and CQFlow and the CQArea on the other. The

mean values, standard deviations and standard errors of

the different CQ measures for the sustained tones are listed

in Table IV and illustrated in Fig. 2.

All CQEGG-values were lower for the higher sustained

note than for the lower note. This tendency was not

uniformly found in CQArea: For the alto, the CQArea changed

from 13% for the lower tone to 0% for the higher note, and

for the soprano CQArea was slightly higher for the higher

note.

In the glissandi, a more complex situation was observed.

The CQ-values at the beginning and end of the glissando

phrase were similar to those measured in the sustained notes,

but the different measurement methods yielded diverging

values in the intermediate parts (see Figs. 3 and 4). The auto-

matically derived CQEGG tended to increase, reaching values

around 90% in case of the alto, before stabilizing at a lower

value. The CQFlow and CQArea-values tended to stay below

30%, and occasionally no closed phase at all was observed

for CQArea and CQFlow.

Inspection of the HSDI film revealed a clear change of

vibration pattern in the soprano glissando; at around 1.3 s

the vocal folds continued to vibrate but no longer showed

TABLE 3. CQFlow measured by three experts at time coordinates a, b, and c

in the of the two singers’ lower tones.

Example and

measurement point Expert 1 Expert 2 Expert 3 Max-min.

Mean

values

Soprano @ time (a) 32.8% 35.9% 32.5% 3.4% 33.7%

Soprano @ time (b) 34.7% 35.6% 28.6% 7.0% 33.0%

Soprano @ time (c) 23.5% 40.8% 36.0% 17.3% 33.4%

Average 33.4%

Alto @ time (a) 32.4% 36.3% 33.8% 3.9% 34.2%

Alto @ time (b) 35.6% 37.0% 27.9% 9.1% 33.5%

Alto @ time (c) 21.9% 36.9% 31.2% 15.0% 30.0%

Average 32.5%

TABLE 4. Scatter of values obtained by the different methods for calculating the CQEGG, CQFlow, and CQArea. Mean value, standard deviation (SD), and

standard error (SE) of the indicated CQ values observed in the two singers’ low and high notes.

Singer F0 (Hz)

CQEGG

(DEGG method)

CQEGG

(hybrid method)

CQEGG

(65%-threshold)

CQEGG

(50%-threshold) CQFlow CQArea

Soprano, low F0 Mean 297 0.464 0.491 0.515 0.452 0.334 0.151

n 257 260 260 260 9 3

SD 0.099 0.050 0.047 0.050 0.050 0.007

SE 0.006 0.003 0.003 0.003 0.017 0.004

Soprano, high F0 Mean 580 0.381 0.427 0.459 0.394 # 0.187

n 559 558 552 552 # 3

SD 0.109 0.086 0.072 0.077 # 0.019

SE 0.005 0.004 0.003 0.003 # 0.011

Alto, low F0 Mean 308 0.544 0.659 0.690 0.617 0.325 0.148

n 277 282 282 282 9 3

SD 0.050 0.049 0.048 0.051 0.050 0.014

SE 0.003 0.003 0.003 0.003 0.017 0.008

Alto, high F0 Mean 597 0.477 0.387 0.612 0.485 # 0.000

n 593 611 611 611 # 3

SD 0.168 0.185 0.120 0.156 # 0.000

SE 0.007 0.007 0.005 0.006 # 0.000

FIG. 2. Mean values of the contact quotient and the closed quotient for the

tones sustained at the indicated F0-values. Missing values are marked with

diamonds. For the four CQEGG-alternatives and the CQFlow, the bars repre-

sent the plus and minus standard deviation. For the CQArea, the bar repre-

sents a two-frame interval.
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visible contact. During that episode the EGG changed to a

quasi-sinusoidal pattern. The CQArea remained in the vicinity

of around 20% during that episode, while the EGG-based

algorithms then tended to return an erroneous value (100%,

gray diamonds and open circles in Fig. 3). Also the two

EGG-based methods that apply an amplitude threshold crite-

rion failed during this episode.

IV. DISCUSSION

In this study the results of six different measurement

methods were applied to six examples and the results were

compared. The data was obtained from no more than two

boy singer subjects. This, however, was considered suffi-

cient for our comparison of methods. But of course, we did

not aim at a description of phonatory techniques in boy

singers.

By and large, all CQ-measures differed more or less

(see Fig. 2). Substantial discrepancies were revealed between

the different versions of the CQEGG on the one hand and

CQArea and CQFlow on the other, the latter being consider-

ably lower than all versions of the former. Somewhat more

unexpectedly, also CQArea and CQFlow differed considerably,

CQFlow generally systematically being higher than CQArea.

The limited accuracy of both CQFlow and the CQArea data

does not seem capable of explaining these differences, since

the limited accuracy resulting from the low frame rate or

uncertainty in setting the inverse filters should lead to a ran-

dom rather than a systematic variation. Instead, the reason

may be that the glottal area signal failed to correctly reflect

the closing of the glottis; the lower, poorly visible part of the

vocal folds tend to arrest the glottal flow earlier than the

upper, more visible part.

We also noted substantial variation of the CQEGG-values

obtained by different analysis algorithms, thus corroborating

the study by Herbst and Ternström.4 In any event, there

are good reasons to distinguish between not only CQArea,

CQEGG, and CQFlow, but also to clearly specify the method

used for measuring CQEGG. This obviously applies not only

to comparisons with normative values of childrens’ voice12

but also to adult voices. Some of the differences found in the

literature regarding the “closed quotient” of children’s voi-

ces (see Tables I and II) can probably be explained by differ-

ent methods of measurement.

The discrepancies between CQArea and CQEGG seem

more dramatic in child voices than in adult males. While we

observed on average a difference of 35 percentage points

between CQArea and CQEGG for our children’s low tone,

Childers et al.6 found a 4% difference for a low F0 and a

26% difference for a high F0. Thus, the differences between

CQEGG and CQArea of children’s voices at low F0 seem to be

in the range of those for high F0 of adult males.

Some of the discrepancies between the six measurement

methods were greater in the glissandi than in the sustained

tones. For the soprano glissando, the EGG was almost sinu-

soidal near t = 1.3 s in Fig. 3. Visual examination of the

HSDI revealed absence of vocal fold contact at this moment,

while neither the CQArea nor CQEGG returned a value of

zero. It may be that the automatic determination of the boun-

daries between vocal fold mucosa and glottis caused artifacts

in the area data. The MATLAB-algorithms, on the other hand,

did not detect the special sinusoidal signal characterizing

lack of vocal fold contact,22 but produced CQEGG-values up

to 100% during this episode. It would, however, be possible

to implement automatic detection of such waveforms in

these algorithms, but for the time being, complementary

visual examination of the EGG-signal is indicated.

FIG. 3. CQ-values obtained for the glissando sung by the soprano.

FIG. 4. CQ-values obtained for the glissando sung by the alto.
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CQFlow appeared to perform best in the case of zero con-

tact phonation, returning a zero value. However, in the

inverse filtering analysis we used the dEGG-signal as a com-

plementary indication of vocal fold contact. Therefore the

EGG-signal and the HSDI-film are in fact the most reliable

indicators of zero contact phonation.

Untypical EGG-waveforms also lead to unrealistic

results. In the first 1.2 s of the alto glissando the EGG signal

showed a changing, abnormal waveform with an extra maxi-

mum, see Fig. 5. The cause would have been a variation of

vocal fold contact area or an artifact caused by an unnoticed

displacement of the larynx. Not surprisingly the automatic

calculations of CQEGG yielded unrealistic values as shown in

the caption of Fig. 5; the DEGG-method is suggested only

for cases where both opening and closing peak in the dEGG-

signal are “single and precise” (Ref. 14, p. 1330). Also the

algorithms based on thresholds yielded unrealistic values.

In the glissandi F0 ranged between D4 and D5 (294–587

Hz). According to previous investigations a register shift

accompanied by a voice quality change can be expected in

children’s voices at F0 � 494 Hz.24,25 In adults voices, such

shifts are typically associated with a sudden drop of

CQEGG.
26–28 However, in the soprano glissando neither a

voice quality change, nor a sudden reduction of CQEGG was

observed, and both CQArea and CQFlow remained essentially

constant (except for the short zero-contact episode already

commented on above). In the alto glissando, on the other

hand, there were two wiggles in the F0-curve, at t � 0.9 s

and at t � 1.2 s (see Fig. 4). However, only the second one

was associated with a clearly audible voice quality change.

Of the four CQEGG measures, only the hybrid method

showed the expected reduction at the second F0-curve wig-

gle, while the CQArea mostly remained close to �13% and

CQFlow was reduced to zero. It would be worthwhile to fur-

ther investigate the relation between audible register shifts

and CQEGG data in children’s voices.

CQEGG and CQFlow do not necessarily reflect vibration

modes in the same way. For example, the CQFlow has been

found to correlate with perceived phonatory pressedness,23

but as shown in Fig. 4, high CQEGG-values were not always

accompanied by high CQFlow-values. This suggests that the

CQEGG observed by Barlow and Howard13 in the upper part

of untrained child singers’ pitch ranges may not necessarily

be a sign of pressed phonation.

Summarizing, the above results appear to reflect a con-

ceptual problem: How should the “closed phase” be defined

in cases of incomplete glottal closure or atypical EGG wave-

forms as those shown in Fig. 5? The CQ, however deter-

mined, may still be a valid measure, but problems arise

when CQ measures are compared that were determined by

different methods.

From a practical point of view, CQArea based on an auto-

matic detection of the glottal area seems problematic in the F0

range of children’s voices; it fails to reflect changes of phona-

tion and measurement accuracy is relatively low. At lower F0

in children’s voices, such as in speech, CQFlow, eventually

derived with support of a visual inspection of the EGG-signal,

seems the most reliable measure. However, because of the

labor-intensive inverse filtering process and the limited fre-

quency range, CQEGG may be preferred in investigations with

many subjects or with examples produced at high F0.

V. CONCLUSIONS

Measuring the closed quotient yields differing results

depending on the method used. With regard to CQFlow it

is difficult to obtain reliable results in case of incomplete

glottal closure, and the accuracy of both CQFlow and CQArea

decreases with increasing F0. Automatically derived CQEGG-

values tend to be distorted by abnormal EGG waveforms. In

addition, as CQEGG, CQFlow an CQArea do not refer to the

same concept, they may diverge even in cases when the val-

ues obtained are reliable and accurate; there is nothing like

the only “true” CQ. In any event, CQArea, CQEGG, and

CQFlow should not be confused but may complement each

other in a valuable way.
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