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ABSTRACT

A measure of the reliability {T-IR) of time-intensity measurements was developed -
based on the concept of standard deviation as ¢ measure of panelist variability.
The T-IR measure was applied to time-intensity data collected from 10 panelisis
evaluating the sweetness of 4 model sweetener solutions on horizontal and ver-
tical fime-intensity line orientations. T-IR scores showed that the panelists were
similarly reliable across the sweeteners and orienzations. As well, independent
of scale oriemtation, responses to sweeteners were similarly refiable. The T-IR
measure can be used to maintain a high level of performance by monitoring fime-
intensity panelists. T-IR also provides an objective method of selecting panelists
Jor tfime-intensity panels.

INTRODUCTION

Muny sensory evaluation lests measure perception of food flavor and texture
as static events. However, intensity perception does not occur ar a single point
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in time. Both texiure and flavor intensity changes as the food moves through the
mouth and is prepared for swallowing. The time-intensity test, which measures
changes in perception of product atiributes over time, Is gaining wider applica-
tion. Time-intensity is defined as a measurement of the rate, duration and inten-
sity of stimulation of a single attribute through the collection of responses over
an established period of time (Amerine ef al. 1965). A typical time-intensity curve
is Hlustrated in Fig. 1. The parameters and their definitions extracted from each
time-intensity curve are found in Table 1. Each attribute evaluated by time-intensity
testing has a temporal profile which represents changes in perception. The time-
intensity curve graphically displays attribute intensity from peak intensity (JMAX)
to its disappearance. The onset of perception of an attribute (RX), the length of
time required to reach maximum intensity (TMAX), as well as the duration (DUR)
of perception, can also be obtained from the time-intensity curve, The increase
and decrease angles (INC ANGLE and DEC ANGLE) extracted from the time-
intensity curve give an indication of the rate of onset and decline of the attribute
being studied,

Time-intensity testing can play a valuable role in product development, With
the use of this method, the time course of texture and flavor attributes of any
food product may be optimized. As well, time-intensity curves allow researchers
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FIG. |. TIMEINTENSITY CURVE AND PARAMETERS
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TABLE 1,
TIME-INTENSITY PARAMETERS AND THEIR DEFINITIONS

PARAMETER ABBREVIATION  DEFINITION

Maximurn intensity IMAX The maximam sweeiness intensity (up
to 60 pixels}) of each semple.

Timo to maximum infensity TMAX The time (jn seconds) at maxinnen intensity.

Duration DUR The time (in ssconds) for sweetness perception
{from first perception to the end of the
percsption).

Increase angle INC ANGLE The angle of increase 1o maximum intensity.

: "This can be interpreted to be the rate of onset
. of sweetness of the sample,

Increase area INC AREA The area under the imcreasing portion
of the curve,

Decrease anple DEC ANGLE The angle of decrease from maximum

intensity, This can be interpreted to be
the rate of decrease of sweelness perception.

Decrense area DECAREA The area under the decreasing portion
of the curve,

Area Under the Curve AUC The total area wnder the fime-intensity
curve.

to explore changes in sensory processes of a variety of foods, including changes
in texture during mastication and flavor release over time. Time-intensity testing
is also applicable to nonfood products. The fragrance changes in perfume, color
change in lipsticks, and the effectiveness of hair spray over time can all be easily
measured by time-intensity testing,

The time-intensity data reported in this paper was collected using the CSAT.
pa™ program developed by Compusense, The CSArpa'™ program alfows the
panelist to use a mouse to move a cursor along labelled horizontal or vertical
lines, 60 pixels in length. Upon ingestion of the sample, the panelist initiates the
time-intensity test and continuously moves the cursor along the line as the at-
iribyte intensity changes. The panelist ends the test by moving the cursor to the
zero point of the line when the perception of the attribute ceases. With the CSAT.
pa™ program, the sampling rate can be set to obtain the maximum amount of
information about the atiribute being evaluated. For this research, the computer
was programined fo collect the data at half second time intervals,

Daring testing, it is necessary to include replicates of individual judgments of
each sample to provide an estimate of the experimental error, The experimental
error is defined as the unexplainable, natural variability of the population being
studied (Meilgaard ef al, 1991). The measurement of perceptions will in alf cases
have “‘error.”” Some of the error will be due to physiological and psychological
variations in the panelist from trial to trial, and some due to variations in the
motor responses that express the perceptions from trial to trial, The number of
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trial replications required to calculate the experimental error varies depending
on the product being tested. For this study, 4 replications of testing on each sam-
ple were completed.

Time-intensity evaluations of taste are therefore derived from a composite of
repeated trials for each panelist. The average time-intensity curves of panelists
are further combined to yield a group curve for each sampte. This resultant curve
is used to draw conclusions about food product attributes. Although they will
rarely be identical, if the individual curves are not similar, the averaged curve
may not accurately reflect the time-course of taste perception. Given the scien-
tific and practical implications of the averaged time-intensity curve, it is imperative
that the curve is composed of reliable and reproducible perceptions. Investigators
must have confidence that individual panclists have similat perceptions of iden-
tical samples, and that panelists are similar as a group in their perceptions. How
can the reliability of time-intensity curves be evaluated within or amongst panclists?
Attempts have been made to develop a reliability measurement for single point
evaluations (Mangan 1992). However, there has been no published work regard-
ing reliability measurements of time-intensity data,

ANALYSIS OF INDIVIDUAL COMPONENTS OF THE
TIME-INTENSITY CURVE

Reliability of repeated time-intensity curves can be measured by evaluating the
variation in scores on each parameter of the curve for a group of panelists. In
this way, a correlation coefficient would represent the relationship between the
panelists’ rank order on one trial versus a second trial. To evaluate the reliability
of the time-intensity response, correlation coefficients may be caleulated for all
parameters of the curve (e.g., IMAX, DUR, INC ANGLE, etc.). However, there
are problems assaciated with this method of evaluating reliability of taste percep-
tions. Firstly, correlation coefficients are themselves reliable only when they are
derived from a sufficient number of participants. Given the training and time re-
quired, time-intensity panels are usually small. Secondly, cotrelation coefficients
for the parameters of the curve are not independent of each other. For example,
area under the curve is calculated using the combined measures of duration, max-
itum intensity, angle of increase, etc. For this reason, the magnitudes of cor-
relations ate not readily interpretable. Thirdly, typical time-intensity studies pre-
sent more than two trials to each panelist. Although the Cronbsch alpha coeffi-
cient can be used in these cases, problems such as adequate sample size are
magnified with multivariate correlational procedures. Finally, correlational tech-
niques are useful for evaluating the reliability of individual parameters across
small numbers of repeated trials, We conclude, therefore, that the measurement
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of reliability of time-intensity curves demands a method for evaluating the curve
as a whole, and of evaluating both individual panelists and groups of panelists,

QUANTIFICATION OF RELIABILITY OF TIME-INTENSITY CURVES

We have developed a measure of reliability (T-IR) of a set of time-intensity
curves, based upon the concept of standard deviation as a measure of variability.
The calculation of reliability is simple and straightforward, and the resulting value,
T-IR, is a standardized unit of measurement which can be nsed comparatively.
T-IR is an inverse measure; the lower the score, the more reliable the time-
intensity curves. T-IR is the abseolute mean of a set of standard deviations. The
standard deviations represent the variability at each sampling point in a set of
repeated time-intensity trials. The number of points depends on the sampling rate
used in the study and on the duration of the time-intensity response of the
panelisi(s).

Figure 2 graphically illustrates the calculation of T-IR for three hypothetical
time-intensity curves, For illustration, each of the 10 points on the abscissa

INTENSITY
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FIG, 2. GRAPHIC ILLUSTRATION OF T-IR CALCULATION




290 K. BLOOM, L.M. DUIZER and C.J. FINDLAY

represents an instance of response sampling. Of course, computer sampling is
considerably faster, and CSATpA™, is set'to sample every halfsecond. This yields
up 1o 120 responses for one minute of faste perception.

Reliability is calculated asing the following formula,

ity

5 " @)

¥t

. whereS is the mean of all standard deviations (s;) collected along the time-intensity
curve, and sy is the standard deviation of the collection of si values.

E! 2 1 C3)
N

T-IR =

where N is the number of normalized standard deviations, determined by sampl-
ing rate of the time-intensity curve.

The standard deviation (s;) atmongst the three intensity values is determined
at each sampling time (e.g., s;-S1o} {foraula 1), The resultant standard devia-
tions are then pormalized (z,) so that reliabilities can be compared amongst time-
intensity responses of various magnitudes (e.g., substances of differing concen-
trations, individuals of varying sensitivities, etc.). Normalization is accomplished
by calculating the mean and standard deviation of the standard deviations, then
converting each standard deviation o a z-score {formula 2). Reliability, T-IR,
is obtained by computing the absolute mean of the normalized standard devia-
tions (formula 3). The absolute value of the mean is corputed so that negative
standard deviations add to the positive standard deviations to produce a measure
of magnitude of the degree of variability. T-IR, therefore, is a normalized valve
representing the degree of variability across the entire curve based upon devia-
tions in responding at each instance of sampling. T-IR cannot be smaller than
zero and, Hke all standard scores, will rarely exceed 3.0,

T-1R is 2 u nit of measure that can be compared from individual to individual
ot from panel to panel. Of course, comparisons will be most meaningful when
they are made amongst reliability scores derived from comparable numbers of
trials. That is, if we compare the reliability of two panelists, we should calculate
T-IR from a similar number of trials for each panelist, because standard devia-
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tions are by nature smaller as the number of scores on which they are based in-
crease. Tt would be unfair to compate the reliability of 30 trials for one panelist
with the reliability of 3 trials for another panelist, One final consideration in the
celeulation of T-IR is the starting point. Panelists could differ individually and
from trial to trial in reaction time, Since T-IR is based upon the spread of scores
at each unit of sampling, some investigators may want to synchronize the curves
by using the panelist's first response to the stimulus as *‘time 1."* Other in-
vestigators may want to incorporate differences in reaction times as part of the
reliability measure. In this way, if a panelist is slower to respond to one frial,
there may be greater deviations amongst curves, and T-IR will be increased. In
our own work, we have found panelists to be remarkably consistent in reaction
time, the onset of response after ingestion,

AN EXAMPLE WITH DATA FROM TESTS OF SWEETENER
AND ORIENTATION

Ten panelisis were presented with eight identical samples of four sweeteners
(suctalose, aspartame, acesulfame-k, and sucrose). Panelists indicated their
sweetness perceptions on a horizontal scale for four of the samples, and they in-
dicated their sweetness perceptions on a vertical scale for the other four samples,
Therefore, each panelist produced four time-intensity curves for each of 8 stimulus
conditions (four sweeteners X two orientations of response scale). Using the for-
mula listed above, T-IR was calculated for the four replicated ttials of each con-
dition for each panelist.

Table 2 lists the T-IR scores for each panelist under each condition. It can be
noted that the panelists differed in variability with T-IR ranging from a low (high
reliability) of .550 for panclist 5 (perception of sucralose recorded on a vettical
time-intensity s cale) to a high of .970 for panelist 10 (perception of sucralose
recorded on a horizontal time-intensity scale). The mean of the 80 T-IR scores
was .83 with a standard deviation of .06. The scores of reliability in Table 2
also suggest a degree of consistency amongst panelists, i.e., some panelists were
consistently less variable than others. To determine the magnitude of this con-
sistenicy, a Cronbach’s alpha correlation of relinbility was cateulated for the eight
T-IR scores of the ten panelists. The resultant Cronbach’s alpha of .77 confirmed
that panelists who are low in variability for one condition, tend.to be similarly
low in variability when presented with other conditions, relative to their
counterpatts.

How did reliability change as a resuit of sweeteners and orieniation of the time-
intensity scale? To answer this question a 2-way repeated-measures analysis of
vatiance was conducted with Sweeteners (4) as one variable and Orientation (2)



K. BLOOM, L.M. DUIZER and C.J. FINDLAY

292

oLL 089" 088" oLL o1L 008’ 0oL oty ot
068" 006~ 006" e’ 006 740 0p3” LG 6
006 oEL’ 018’ o19° e O¥s° 0€6” )30 8
o1’ 06L’ 029° 058" GIL o6l oL’ g8 L
1]¢:4 0e8” 08’ 0g6” Go6 o1 i OLL” 9
0r8” 016" 056" 0e6” 098’ 088 0LL 0T’ s
osg’ 018’ 018" i oL’ sy’ 038" ir4:3 4
109 068" 06" 0z6 1154 058" org” 0Ls” t
6L 06L° 084" 0T6 oy’ 006 0cg” oLy A
okl 0L8" 09L” 006" o ors 068" 096 1
asolong Y SWENSY dumuedsy 2so[RIONS 2501508 y SUBJNSI0Y swepedsy  2so[eng Jsyoueq
[eonEap [RINOZLI0H

SHTVOS ALISNALNI-HWIL 40 (TVOILETA ANV
TV.INOZIMOH SNOLLVINIRO OMI NV STINZLITMS 104 HIIM SISTIINY 01 90d ST4005 ALITEYTTad

THIEVL




AN OBIECTIVE METHOD FOR T-I RELIABILITY 293

as the other variable, and T-IR as the dependent variable. There were no groap
differences in T-IR amongst the four sweeleners (F (3,27) = .33, p = .807),
no differences between the two orientations (F (1,9 = 28, p = .611), and no
Sweetener X Orientation interaction (F (3,27) = .39, p = .764). This means
that panelists were similarly reliable across the four sweeteners and two orienta-
tions of time-intensity scales, and that their responses to the sweeleners were
sirnjlarly reliable independent of the orientation of the scale on which they recorded
their perceptions (see Figure 3).

APPLICATION FOR TIME-INTENSITY RESEARCH AND
PANEL TRAINING

The analyses of T-IR scores add confidence to our published research reports
on differences amongst sweeteners and comparisons of time-intensity scale orien-
tation (Duizer et af. 1995), Although the panelists may have a greater preception
of maximum intensity, for example, when responding to one sweetener over
another, they are po less or more reliable in their response to that sweetener.
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FIG. 3. MEAN T-IR SCORES FOR FOUR SWEETENERS AFFECTED BY TWQ QORIENTATIONS
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Therefore, the calcuiation of T-IR and its analysis for rescarch data is important
for establishing and confirming the reproducibility of research findings. The
analysis of reliability also has an important role in the development, refinement,
and maintenance of time-intensity panefs. During training, panelists can be
evaluated based upon their T-IR scores, remembering that the lower the T-IR
scores, the more reliable (less variable) the panelist. Panels can be refined by
eliminating panclists who have consistently high T-IR scores, and by setting the
decrement in T-IR scores as a2 goal in panel training. Finally, the reliability of
panelists can be charted over months and years to confirm the maintenance of
standards (reliability levels} for time-intensity evaluations in research and indusiry.
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