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Abstract 

Water Quality Attitudes as a Function of 

Chemical Concentration and Intended Use 

David M. Bailey 

Five subjects participated in a taste evaluation 

experiment using acetic acid stimuli of 15 mg/1 to 35 mg/1 

in 5 mg/1 intervals, mixed in .02 M NaCl to simulate 

domestic water of various qualities. Two Ss also received 

stimuli of 40 mg/1 and 45 mg/1. The experiment used a 

signal detection procedure in which decision criteria were 

generated through the use of questions concerning intended 

use. The hypothesis tested was that evaluational criteria 

are independent of subjective taste intensity. The data 

did not disprove the hypothesis. One S performed as 

predicted by the theory, and the response patterns of the 

other four Ss can be explained by the theory. The conclu¬ 

sions reached were: (1) the signal detection paradigm is a 

valid device for the measurement of evaluational criteria, 

even though a complex experimental design is required, (2) 

individual differences are a major factor in the perception 

of taste, (3) experiential history influences the establish¬ 

ment of a decision rule, (4) people prefer some taste in 

their water, and (5) people can tolerate a lower quality of 

water for purposes other than ingestion than presently 

allowed. 
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Water Quality Attitudes as a Function of 

Chemical Concentration and Intended Use 

With the rapid increase of urbanization in America 

there has occurred an increasing desire to achieve high 

levels of health and living standards. The industrializa¬ 

tion required to maintain large urban populations has made 

pollution a primary concern of the general populace. In 

many areas water for domestic, or municipal, consumption is 

not only in short supply, but of lower quality than water 

previously obtained. The supply and treatment of raw water 

for domestic use has traditionally been one of the respon¬ 

sibilities of the municipal authorities. Longer supply 

networks, increased consumption, and lower water quality, 

however, have put heavy demands on the water utilities to 

maintain efficient systems supplying usable water. 

Various methods of maintaining water quality are 

being used, among them chemical treatment of raw water and 

chlorination. Periodic analysis of the water for chemical 

content is necessary to monitor the efficiency of the treat¬ 

ment process. A possible source of information concerning 

water quality is the consumer himself. If a relationship 

between the number and types of complaints registered with 

the water utility and the actual quality of the water can be 

established, consumer feedback would become a form of remote 
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monitoring. In other words, if there is some level of 

chemical contamination at which water consumers begin to 

complain, and if this level is easily determined, water 

utilities would have an indicator of the water quality 

throughout the water system. 

One problem faced by municipal water authorities, 

however, is the manifold purposes to which their product 

is applied. In addition to being the major constituent 

in life-sustaining processes in the private household, 

domestic water is used as a solvent, a cleaning agent, a 

coolant, and a carrier for both recreational and sanitary 

purposes. Small commercial enterprises and light manufac¬ 

turing processes utilize the extensive domestic water sys¬ 

tem, and in some areas form the major user group. 

Domestic water is thus a multi-purpose product intended 

for various levels of use, but the degree of purity consid¬ 

ered necessary for water varies according to its intended 

use. Drinking water criteria, for instance, are rigorous 

for health reasons. The criteria for cooking, on the other 

hand, need not be as high since the water is heated and the 

food obscures any extra taste (Campbell, Dawes, Deolalkar, 

§ Merritt, 1958; Lockhart, Tucker, 8 Merritt, 1955; Mackey, 

1958). The criteria for aquatic recreation are lower yet 

(McKee 8 Wolf, 1963). As a result, water treatment must 

meet the criteria of the most stringent use-category regard¬ 

less of other purposes. 
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Because the quality of treated water is usually a 

function of the quality of the raw water, problems exist. 

As raw water quality deteriorates, further treatment is 

necessary to maintain domestic water at the desired quality. 

Increased treatment is expensive and does not insure the 

removal of all nuisance contaminants that result from 

upstream use of the water. Certain iron compounds, for 

instance, taste objectionable at concentrations too low to 

be economically removed (McKee § Wolf, 1963). 

The normal assumption is that, when people discuss 

the quality of domestic water, their evaluations of water 

quality are based on sensory perception. A majority of con¬ 

sumer complaints in Houston have been for aesthetic reasons, 

especially taste and color (Duty, 1972). The evaluation of 

water quality by the consumer is apparently based on his 

personal opinions of what drinking water should taste like 

and look like. Any study of water quality evaluation must, 

thus, investigate the relationship between evaluation and 

taste. 

The study of taste, however, is one of the most elusive 

areas of sensory psychophysics. The physical mechanics of 

taste perception are still being formulated, and controversy 

exists concerning the number and quality of perceivable 

taste modalities (e.g., "bitter”, "sweet", "salty", etc.) 

(Pilgrim, 1961). This vagueness is the result of an inabil¬ 

ity to develop standardized measurement techniques that may 
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be generalized to all chemical compounds or even to mix¬ 

tures of compounds of similar chemical makeup. Different 

concentrations of the same chemical, furthermore, evoke 

different taste modalities rather than gradations within 

the same modality (Beidler, 1962). A taste analog to color¬ 

blindness which has been recently found may be contributing 

to the confusion in taste perception research (Meiselman § 

Dzendolet, 1967). 

Research involving chemical tolerances and maximum 

acceptable limits (saturation) is also affected by ambigui¬ 

ties. Perception thresholds vary from chemical to chemical, 

and insufficient information exists to develop a general 

theory of taste based on chemical stoichiometry. Saturation 

levels are more difficult to research because of the possi¬ 

ble toxicity of the taste-evoking chemicals at relatively 

high concentrations. 

Various research techniques are being used to remedy 

the lack of taste information with partial success. The 

neurophysical approach involves investigation of the 

chemical-physical mechanics of taste perception as well as 

the anatomy of the taste receptors themselves. Neurophys¬ 

ical procedures are being used to determine if man has a 

"water-taste"--the ability to discriminate water without 

any dissolved chemicals --or whether the reported "bitter" 

taste of pure water is the result of adaptation and habitu¬ 

ation to naturally occurring chemical additives (Bartoshuk, 
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1968) . 

In a more psychological approach, researchers using 

ratio scales and intensity scales are investigating the 

relationships between taste and chemical concentration as 

well as between different taste modalities. Such investi¬ 

gations, however, are complicated by the lack of suitable 

baselines for measurement. The apparent inconsistencies 

in the perception of taste quality, moreover, make general¬ 

ization to chemical compounds in the same structural class 

exceedingly difficult. In the treatment of water, the task 

of using taste perception to determine quality for domestic 

use is under similar constraints. The procedures cited in 

Standard Methods (1970) include a rating scale that is based 

on the threshold of perception. Since there is no standard¬ 

ized point of origin for the rating scale, the derived 

rating--which is obtained from the dilutions required to 

remove any taste--is confounded by the type of chemical 

contamination and the sensitivity of the treatment plant 

analyst. As a result, the actual taste analysis is not 

often performed, and, even then, it is usually considered 

to be incidental. Water quality criteria, instead, rely 

on chemical analysis of the water and attempt to specify 

permissible limits for known taste-producing chemicals. 

Experimental Theory 

The source of confusion in taste evaluation can be 
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traced to the lack of absolute thresholds of detection for 

any taste. Inspection of threshold data shows that there 

is no discrete intensity value above which a subject always 

detects the stimulus, and below which he never detects the 

stimulus. Rather, there is a range of intensity values in 

which the subject becomes increasingly more certain that a 

stimulus is present. Traditionally, psychological research 

has operationally defined the threshold of detection to be 

a point midway between 100% correct detection and the detec¬ 

tion rate predicted by chance. In a two-choice experiment 

(e.g., detection or nondetection) the threshold value is 

determined by a detection rate of 75% correct detections 

(Green § Swets, 1966). Many researchers merely report the 

stimulus interval above which perfect detection rates occur 

and below which correct detections are due to chance (Cohen, 

Kamphake, Harris, § Woodward, 1960; Harris, 1960). Thresh¬ 

old determinations are thus dependent on the experimental 

design and, more importantly, the interval between stimuli. 

Furthermore, threshold values are statistical devices and 

do not account for behavioral factors (Galanter, 1966; 

Swets, Tanner, § Birdsall, 1964; Beidler, 1962). 

The degree of responsiveness on the part of the 

subject is dependent on factors other than those controlled 

by classical threshold determination. Research undertaken 

during World War II and the early 1950’s showed that, 

contrary to threshold theory, people do not respond to 
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near-threshold stimuli the same way every time. Further¬ 

more, the subject's personal biases were found to influence 

his response to the stimulus. In other words, what a person 

says he tastes (or hears, or feels) is not always what he 

tastes (hears, feels). Experiments in the detection of 

visual and auditory signals also showed that subject biases 

operate in the detection of signal differences, whether near 

the threshold of perception or not. 

Signal Detection Theory 

Several hypotheses based on developments in the fields 

of electrical engineering and communication science were 

derived to account for the weaknesses in threshold theory. 

Applied to sensory psychophysics, these hypotheses comprise 

what has come to be called signal detection theory (Swets, 

Tanner, § Birdsall, 1964). The primary assumption is that 

no absolute sensory threshold exists. Instead, a sensory 

stimulus is perceived as a member of a distribution of 

possible intensities. Repetitions of the same stimulus 

intensity are, therefore, assumed to be perceived as a 

distribution of subjective intensities about a mean value 

that can be equated to the stimulus intensity. Such distri¬ 

butions of perceived sensory intensities are the result of 

"noise” generated by system imperfections, extraneous 

inputs, an inability to accurately remember previous 

occurrences, and noise contributed by the receiving 
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organism. The other assumption is that the person's biases 

influence the decision rule that is used to decide whether 

to claim the detection of a signal. 

Detection of the difference between two adjacent 

stimuli is thus dependent on the sensitivity of the per¬ 

ceptual system and on the strength of the signal intensity. 

If the subjective intensity distributions of two stimuli 

are broad, they will overlap to a large degree and become 

confused with one another. Detection of signal differences, 

particularly if their perceived distributions overlap, are 

further influenced by the costs and rewards of the detec¬ 

tion. If, for instance, it costs more to detect a signal 

when none was given than it pays to detect correctly a 

given signal, the decision process will stress clear 

recognition of the signal. Given the same situation of 

signal uncertainty, the incidence of correct detection and 

false claims of detection can be varied by altering the 

respective costs and benefits. 

Early research into sensory thresholds was faced with 

this artifact, and signal detection theory was used to 

separate perceptual sensitivity from response biases. 

Briefly, a subject (5) is presented with a noise stimulus 

(N) constructed from a broad range of randomly occurring 

stimulus intensities. The S is then asked if he can detect 

a signal which, when added to a certain known percentage 

of noise intervals, increases the intensity of the signal- 



noise distribution (SN) (see Figure 1). In a "yes-no" 

signal detection experiment, the S is asked after each 

stimulus interval if he detected a signal. A detection 

Insert Figure 1 about here 

is claimed when the perceived stimulus intensity is greater 

than some selected value, assuming that there is some 

uncertainty concerning the condition to which the stimulus 

belongs (e.g., noise, or noise plus signal). 

Over a number of intervals a certain rate of correct 

detections (hits) and incorrect claims of detection (false 

alarms) is established. Similarly, correct and incorrect 

rejection (miss) rates are established. A performance 

matrix as a function of the occurence of either signal or 

noise may be devised from the data (see Figure 2). Such a 

matrix will show the percentage of error the subject is 

willing to allow in his detections. If the cost of making a 

Insert Figure 2 about here 

false detection is increased, the decision rule will become 

more conservative and the ratio of hits to false alarms will 

increase. Conversely, the ratio of misses to correct rejec¬ 

tions will also increase, but, if the perceptual intensity 

distributions both have the same variance (a2 = a2 ), the 
N N+S 

two ratios remain equivalent (Swets, Tanner, § Birdsall, 

1964). Therefore, by modifying the payoff matrix--the costs 
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—Do not detect Detect 

Intensity of Sensation 

Figure 1. The probability of perceived intensity 
of sensation and the criterion value (£). 
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Figure 2. The probability matrix used to 
generate a pay-off matrix. 
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for any of the four possible outcomes--different performance 

rates may be achieved while using the same physical param¬ 

eters . 

The Receiver Operating Characteristic 

Performance rates for both the noise stimulus and 

signal-plus-noise stimulus must both sum to 1.0. k S's 

overall performance may thus be plotted two-dimensionally, 

using the hit and false alarm rates as coordinates. The 

resulting receiver operating characteristic (ROC) curve 

describes the various criteria the subject utilized in 

detecting the presence of a given signal. Other ROC curves 

can be generated by using different signal strengths and 

the same payoff matrices, each isosensitivity curve repre¬ 

senting performance for one signal strength (see Figure 3). 

Insert Figure 3 about here 

Similar to the yes-no experimental approach mentioned 

earlier is the rating procedure. While using the same 

signal detection design as the yes-no procedure, the rating 

method makes the assumption that decision rules are directly 

related to the probability that the stimulus contains a 

signal. 

The major difference between the two procedures is that 

in a rating experiment the S must maintain several decision 

criteria simultaneously, while in a yes-no experiment the S 



P (y/n) 

Figure 3. Ideal isosensitivity curves in a 
family of ROC curves. 
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utilizes only one criterion for each series of trials. 

The use of the rating procedure decreases the number of 

trials required to generate an ROC curve, usually by a 

factor of the number of criteria tested. There are several 

constraints, however, on the use of the rating procedure. 

Although evidence exists that ROC curves generated by the 

yes-no procedure are equivalent to those generated by the 

rating procedure under the same conditions, the assumption 

has not been proven (Green § Swets, 1966). A second con¬ 

straint is the number of decision criteria a person can 

effectively maintain at one time. Depending on the type 

of detection task and the complexity of the signal, rating 

experiments of up to 32 criterion-categories have been 

reported (Green § Swets, 1966). 

The analysis of the data is similar to that of the 

yes-no procedure except that rating data are cumulatively 

summed to obtain the performance rates. Under the assump¬ 

tion that all stimuli greater than X will be categorized as 

greater than X, the decision criteria may be derived through 

the summation of all categories ranked higher than the one 

in question. The resulting ROC curve is smoother than one 

generated by a yes-no procedure since each criterion level 

is dependent on the previous categories. If, however, the 

subject is using, a consistent décision rule, the variation 

between curves generated by the rating method and the yes- 

no method should be insignificant (Green § Swets, 1966). 
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Experimental assumptions 

There are several assumptions that have to be consid¬ 

ered before a signal detection approach may be used in 

water quality evaluation: 

(1) The perceived stimulus intensity is directly 

related to actual stimulus intensity. In other 

words, within the limitations imposed by the 

sensitivity of a physical sense (in this case, 

taste), any energy input X will be received 

and perceived as X. whenever it occurs, and X 
x 1 

will not be confused with any other input X. 

of the same sensory modality. Stevens found 

in a taste intensity experiment that subject 

responses were easily reproducible: 

...There was clearly no significant 
addition of useful information achieved 
by asking the same Os [observers) to 
judge the same stimuli over again a 
third and a fourth time. In this and 
many other experiments whose purposes 
are the matching of one perceptual 
continuum (e.g., numbers) to another 
perceptual continuum (e.g., taste) in a 
way that preserves ratios, it has been 
observed that practice makes little 
difference to performance. Practically 
all the useful information is obtained 
by the end of the first, or at least 
by the end of the second, run through 
the stimuli. The so-called "trained 
observer" is no more useful than a 
well-instructed 0 making his first 
series of matches (Stevens, 1969). 

Using this assumption in another taste intensity 
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experiment, Stone and Oliver (1966) obtained data 

that approached theoretically derived figures. 

(2) Noise is a constant input to the perceptual 

system. Since the information-carrying network 

(nervous system) is not a perfect conductor, any 

transmitted information will be randomly modified 

by the imperfections in the system. Thus, there 

is a perceptual distribution of apparent sensory 

intensities in tasting a given chemical concen¬ 

tration. Moreover, two discrete concentrations 

of the same taste-evoking chemical can be said to 

have overlapping perceptual intensity distribu¬ 

tions if the system’s noise is sufficiently great, 

or if d (Conc.x - Conc.2) is small. 

The variability [of responses on a 
taste magnitude estimation experiment) 
in log units is approximately constant 
over the entire stimulus range. In 
other words, the variability tends to 
be proportional to the magnitude.... 
In many experiments there is, however, 
a noticeable tendency for the varia¬ 
bility to increase near the low end of 
the [taste intensity] range (Stevens, 
1969) . 

Stone and Oliver (1966) also found this to be the 

case, even with trained observers. The level of 

noise in the system will thus be a determinant 

of the sensitivity of the system, along with such 

factors as habituation, adaptation, and fatigue. 
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(3) Evaluational judgments are based on perceived 

intensity and experience. Given that a direct 

relationship exists between stimulus intensity 

and the perception of that stimulus, a person's 

evaluational structure will be the result of his 

learning the effects and/or implications of that 

particular stimulus input, either through direct 

experience or education. 

Experimental hypothesis 

Using the above assumptions, the relationship between 

water quality and the consumer's attitudes towards domestic 

water use can be investigated in the form of two hypotheses: 

(1) consumer evaluations of water quality are a function 

of the perceived chemical contaminant concentration (taste, 

color, and odor) of the water, and (2) consumer evalua¬ 

tional criteria for acceptable water are dependent on the 

intended use of the water. For experimental purposes the 

two hypotheses were combined: When judging water quality as 

a function of taste, evaluational criteria based on intended 

use will remain constant across differing concentrations of 

chemical contamination. 

A signal detection paradigm was used because, if the 

theory can be successfully applied to taste perception, the 

resulting data should generate ROC curves similar to the 

example in Figure 3. Furthermore, if the hypothesis is not 
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proven--if evaluational criteria shift with chemical concen¬ 

tration- -there is little purpose in using taste evaluation 

in the determination of water quality standards. Because of 

expected differences in taste sensitivity and evaluational 

criteria between subjects, only behavior within subjects was 

investigated. 

In this experiment the noise distribution was consid¬ 

ered to be a stimulus concentration that was found in a 

pilot test to have the highest rate of acceptance for the 

strictest criterion. Decision criteria were generated from 

water-use categories that were found to have different 

values that could be hierarchically ranked. The use- 

categories were thus assumed to have different payoffs 

attached to them. 

Experimental Method 

Development of the decision categories 

Bruvold and Ward (1970) listed 26 water-use cate¬ 

gories, for which respondents signified the acceptability 

of using recycled water. The study compared two groups 

of 25 respondents and presented only a summary tabulation 

of the responses. Although Bruvold and Ward claimed that 

the study did prove their contention--that acceptance of 

recycled water increased with exposure to the idea of 

wastewater recycle--the data did not indicate whether the 

individual response patterns were uniform. The Bruvold 



19 

and Ward data were found to be insufficient when five of 

the listed use-categories were used as stimulus questions 

for a pilot taste-evaluation experiment. The pilot test 

showed that the subjects did not necessarily agree on the 

order of importance of water quality for various water- 

use categories. More importantly, the Bruvold and Ward 

data--obtained for recycled wastewater--could not be 

generalized to a taste-evaluation experiment. One S, 

for instance, declared that she did not càre how her 

washwater tasted, and effectively eliminated one-fifth 

of the experiment. 

To provide data on desired water purity, ten water- 

use categories were taken from the Bruvold and Ward list 

and presented in a paired-comparison questionnaire (see 

Appendix II). The questionnaire was given to 45 subjects, 

all of whom were college graduates. All subjects had 

maintained their own households more than a year. Approx¬ 

imately 501 of the subjects were married and ages ranged 

from 22 to 53. 

The tabulated questionnaires provided a rank-ordering 

of preferred purity for each S. Table 1 reveals a general 

trend in order of importance, although several of the 

use-categories have distributions wide enough to suggest 

ambivalence in their relative importance. 

Insert Table 1 about here 
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Table 1 

Distribution of Ranked Responses 

On a Forced-Choice, Water Use-Category 

Questionnaire 

Use 

Category 

Rank Order 

1 2 3 4 5 6 7 8 9 10 

Drinking 28 1 2 

Beverage 3 22 5 1 

Food 6 22 3 

Dishwashing 1 2 15 6 6 1 

Bathing 11 14 3 3 

Laundry 1 5 10 14 1 

Swimming 1 1 5 10 6 7 1 

Housecleaning 2 7 19 4 

Toilet water 4 14 13 

Lawn watering 1 12 18 

Note: N = 31; another 12 Ss scored intransitive 
rankings and were not included. 
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Not included in Table I are the 11 Ss who evidenced 

intransitivities in their respective rank-orderings. The 

intransitivities--"circular" rankings--were most common 

among those use-categories that have wide rank-order 

distributions. 

The incidence of intransitive response patterns, 

furthermore, was distributed fairly evenly among the Ss, 

whether classed by sex or marital status. The question¬ 

naire design did not include devices to determine whether 

the intransitive responses were due to a multi-dimensional 

approach to water quality evaluation, or due to a situation 

of equivalent importance where the difference in desired 

quality was too small to be discerned. Although the rela¬ 

tive importance of these use-categories was determined, no 

attempt was made to transform these findings to actual 

levels of water quality. On the basis of these data, five 

use-categories were selected for the taste evaluation 

experiment such that there would be no confusion in the 

expected rank ordering. 

Subjects 

Three female and two male volunteers were used as Ss. 

Four were college-educated and had experienced domestic 

water of several different qualities (a sixth S did not 

complete enough trials to be considered). With one 

exception, the Ss kept house themselves, and thus exposure 
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to the various uses of water and the resulting experience 

with quality criteria was maximized. Only two of the Ss 

occasionally smoked. All were requested to neither eat 

not smoke for 90 minutes prior to each session. 

Procedure 

The Ss were asked to rinse their mouths with deionized 

water for several minutes to remove any residual chemicals 

and acclimate themselves to the taste of deionized water. 

Once acclimated, the Ss were shown 25 beakers filled with 

water, each containing a 50 milliliter stimulus solution 

of acetic acid (reagent grade) at one of 5 different 

concentrations. The concentrations of acetic acid for the 

groups of 5 beakers were 15 milligrams/liter (mg/1), 20 

mg/1, 25 mg/1, 30 mg/1, and 35 mg/1, all mixed in a light 

saline solution of .02 M NaCl (reagent grade) and deionized 

water. The Ss were told that the stimulus solutions simu¬ 

lated tap water of different degrees of quality and that 

they were to evaluate them for four different purposes. 

They were further told that the salt taste was a "noise 

function" that was to be disregarded and that they were 

to evaluate only the sour taste. 

Prior to the first experimental session the Ss were 

instructed to sample each beaker in the order listed on 

the score sheet and indicate for which uses that stimulus 

would be acceptable. The beakers were arranged randomly 
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according to concentration. Each pass used a different 

random ordering of the beakers. 

The four use-categories used in the experiment were: 

drinking, food-preparation, bathing, and lawn watering. The 

categories were presented in a horizontal, abbreviated form 

(DRINK FOOD BATH LAWN) that allowed the Ss to split 

the series into acceptable and unacceptable portions (see 

Appendix II for sample score sheets). After each of the 

25 samples in one pass, the Ss were asked to rinse with 

deionized water before sampling the next stimulus. The 

Ss completed four passes in each of five sessions, which 

resulted in 100 responses for each stimulus concentration. 

Throughout the entire experiment a relaxed atmosphere 

was maintained. Although the experimenter was present 

for all sessions, he was occupied elsewhere. The Ss were 

allowed to sample the stimuli at their own rates and to use 

as much of the stimulus solution as they felt necessary for 

an honest judgment. No attempt was made to keep the Ss 

naive of the intent of the experiment, and all requests for 

clarification of procedure were answered. The composition 

of the stimulus samples and the Ss actual performance, 

however, were not revealed until after the completion of 

the five sessions. Two of the Ss participated in a modified 

procedure which used seven stimulus concentrations (15 mg/1, 

20 mg/1, 25 mg/1, 30 mg/1, 35 mg/1, 40 mg/1, 45 mg/1) in 

groups of four. Otherwise the procedure was the same for 
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all Ss. 

During the development of this experiment several 

modifications were made to the procedure which precluded 

100 observations for each stimulus concentration. The 

15 mg/1 concentration replaced the original blank, and 

sodium chlbride (NaCl) was added to the deionized water 

to neutralize the bitterness experienced by the pilot-test 

subjects. While .02 M NaCl is approximately the concen¬ 

tration of salt in saliva (Pilgrim, 1959), the Ss preferred 

the acetic acid stimuli to the saline blank. Preliminary 

data implied that the selected range of chemical concen¬ 

trations was too narrow, and two more concentrations, 40 

mg/1 and 45 mg/1 acetic acid, were added to the experiment. 

The results reversed the indications of the pilot test in 

which 40 mg/1 was rejected as drinking water more than 70% 

of the time. 

Results 

The data are presented in Figures 4-8 as cumulative 

percentages according to concentration and use-category. 

The actual response frequencies are presented in Appendix 

I. The Ss were expected to find the lowest concentration 

Insert Figures 4-8 about here 

most acceptable for drinking and find the stimuli less 

acceptable as concentration increased. According to the 
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Figure 5. Cumulative acceptance rates for 
Subject 2. 
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Figure 6. Cumulative acceptance rates for 
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Figure 8. Cumulative acceptance rates for 
Subject 5. 
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hypothesis, the intermediate concentrations would be more 

acceptable for food preparation than drinking. Thus, data 

for the second use-category, when plotted as a cumulative 

percentage, would show a slower decrease in acceptance 

as concentration increased. Similarly, the cumulative 

percentages for bathing and lawn watering would decrease 

at successively slower rates. 

As can be seen in Figures 4-8, this was the case for 

one S. With the exception of an unexplainable reversal 

at 30 mg/1, Subject 1 evidenced a successively decreasing 

acceptance of each category as concentration increased 

(Figure 4). From these data two ROC graphs were construc¬ 

ted, one using 15 mg/1 as the baseline for the isosensi¬ 

tivity curves, and the other using 20 mg/1 (see Figures 9 

and 10). Two graphs are presented because the acceptance 

rate of the 15 mg/1 stimulus sample was less than all but 

one of the other stimuli. Figure 10 shows that the response 

rates for Subject 1, with the exception of the 30 mg/1 iso¬ 

sensitivity curve (d2), conform to isosensitivity curves 

predicted by signal detection theory. The other subjects 

Insert Figures 9 and 10 about here 

showed little consistency in their response patterns, one 

or two of which evidenced a slightly increasing acceptance 

as concentration increased. ROC curves are not presented 

for the other subjects because their responses to the 
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Figure 9. ROC curve for Subject 1, baseline 
concentration equal to 15 mg/1. 



Figure 10. ROC curve for Subject 1, baseline 
concentration equal to 20 mg/1. 
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assigned baseline concentration were lower than for other 

concentrations. 

Discussion 

The performance of Subject 1 supports the hypothesis 

that evaluational criteria are independent of water quality 

(subjective taste intensity). The results for this subject 

as well as the performances of the other Ss, demonstrate 

the ability of the signal detection paradigm to reveal 

evaluational response patterns. The apparent inconclusive 

nature of the performances of the other four Ss does not 

negate the validity of the results. The data are explained 

by signal detection theory and, moreover, illustrate 

modifications that can be made tô the present protocol. 

Two major differences exist between the signal detec¬ 

tion experiments successfully developed for vision and 

auditory research (Green § Swets, 1958; Galanter, 1966; 

Swets, Tanner, 8 Birdsall, 1964) and the present experiment 

First, the intent of this experiment was to investigate 

evaluation decisions rather than detection decisions. 

Second, it was difficult to establish an obvious noise 

function while still maintaining the first constraint. 

A desire to simulate reality added a further constraint. 

Experiments dealing with just-noticeable-differences have 

successfully used the signal detection paradigm by asking 

subjects to detect a difference in signal intensity rather 
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than a mere presence of signal. Accordingly, the lowest 

acetic acid concentration was intended to be analogous to 

a noise distribution. Pilot testing had shown that the 

threshold for acetic acid was around 15 or 20 mg/1, and 

that 5 mg/1 intervals were just barely detectable. A saline 

solution supposedly equivalent to saliva (Dzendolet, 1968) 

was used to further neutralize any interaction the deionized 

water had with taste. Unfortunately, the five Ss’ results 

did not conform to the results of the pilot test. 

One possible explanation for the discrepancy between 

the two experiments is that the pilot test subjects were 

informed that the deionized stimulus sample (blank) was the 

highest quality water in the experiment. The Ss were thus 

able to compare the taste of each stimulus sample with the 

taste of the deionized rinse water instead of evaluating on 

the basis of their own opinions. The pilot test, however, 

was similar in some instances to the present experiment in 

showing greater acceptance of the higher stimulus concen¬ 

trations (e.g., the more "contaminated" the water became, 

the more acceptable it was rated in certain use-categories). 

All subjects showed a higher acceptance of 20 mg/1 

acetic acid solutions for drinking water than they did 

15 mg/1 (Figures 4-8). Whether the salt did not completely 

mask the bitter taste of the deionized water (which was 

reported by these subjects), or whether water with some 

taste was considered more desirable, cannot be determined. 
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Except for the mid-range reversal, Subject 1 performed 

according to theory. Curves dx and d3 (Figure 10) show that 

his evaluational decision rule was both independent of the 

stimulus concentration and consistent. Furthermore, both 

curves appear to inflect at about the same distance from 

the negative diagonal (i.e., a line from (1.0, 0.0) to 

(0.0, 1.0)), which implies that his perceptions of these 

stimuli were of equal variance with respect to his percep¬ 

tions of the assigned baseline distribution. The fact that 

the curves do not inflect at the negative diagonal means 

that the two stimuli, while similar, were not perceived to 

have exactly the same sensory distributions as the assigned 

baseline stimulus. 

Green and Swets (1968) state that the shape of the 

ROC isosensitivity curve is dependent on the distribution 

variances of the perceived stimuli. As the variance of 

the noise distribution increases in relation to the vari¬ 

ance of the signal-noise distribution (i.e., (cr* /a*) 
=
 1)» 

the inflection point of the resulting isosensitivity curve 

will move toward the upper end of the ROC curve. This was 

the case with Subject 1. Interestingly enough, several ROC 

curves for the other subjects approximate the more extreme 

example given by Green and Swets (see Figure 11). The 

implication of such a performance is that the perception 

Insert Figure 11 about here 
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Figure 11. The effects of unequal variances on 
the shape of the ROC curve (after 
Green 6 Swèts, 1968). 
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of acetic acid at some concentrations is more sensitive 

than perception at lesser concentrations. Apparently the 

sour taste of the lower acetic acid concentrations was 

masked by the salt taste. 

Moskowitz (1971) considered the problem of salt-masking 

in a taste intensity experiment and rejected the effect as 

being negligible. Moskowitz did not include acetic acid as 

a stimulus, and only one of his solutions (20 mg/1 tartaric 

acid) was in the general range of this experiment. Since 

there is no information comparing the subjective intensities 

of acetic acid and tartaric acid, especially at low concen¬ 

trations, masking of the acetic acid could reasonably have 

occurred. The respective assigned baseline stimuli appeared 

to be near the subjects’ thresholds for sour taste (specif¬ 

ically, for acetic acid). 

Habituation was also a factor in the observed perform¬ 

ances. One subject indicated that the stimuli were remark¬ 

ably similar to the water she drank in her home town. The 

domestic water system in that particular town draws water 

from a series of small surface reservoirs. The subject's 

evaluations did not evidence much sensitivity to the five 

experimental conditions, thus corroborating observations 

made by Cohen, Kamphake, Harris, and Woodward (1960). The 

authors noted that sensitivity to iron in water was lowest 

among the taste judges who lived in areas with a high iron 

content in the water. Implications are that certain 
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distinctive tastes become acceptable through extended use. 

Future investigations of taste evaluation should determine 

the entire range of each S's acceptance of the stimulus, 

and then use that range of concentrations that contains a 

decreasing rate of acceptance. In the case of several Ss 

in this experiment, that range was above the concentrations 

used. 

Since the acceptance rates for the assigned baseline 

concentration were lower than those of the higher concen¬ 

trations, ROC curves could not be generated. Signal detec¬ 

tion theory assumes that the decision rules are used to 

reduce uncertainty about a signal, or a difference between 

signals rather than the noise or standard signal. Thus, 

if the S could not detect the presence of a signal (or a 

difference between signals) his performance would approach 

that of chance. The resulting ROC curve would then be a 

line on the positive diagonal (i.e., from (0,0) to (1,1)). 

This line of reasoning encounters difficulty, however, 

when evaluational criteria are considered. Chemical concen¬ 

trations below the most accepted level apparently do not 

taste as good and are therefore rejected more frequently. 

Although the design was not specifically structured to 

analyze decreasing concentrations in the same manner that 

this experiment attempts to analyze increasing taste 

intensities, it is quite possible to do so. Figure 10 was 

therefore included, using the most accepted concentration 
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as the baseline distribution rather than the previously 

assigned concentration. 

As was mentioned earlier, only one S approximated 

theoretical performance, which is not uncommon in psycho¬ 

physical experimentation, especially in taste testing 

(Dzendolet, 1968; Pangborn, et al., 1970; Meiselman § 

Dzendolet, 1967). Several researchers in the food industry 

have instituted rigorous pre-testing in order to select only 

the most consistent, and, in some cases, most sensitive 

people for training as taste testers (Dixon, 1970; Pangborn, 

et al., 1970). Apparently the present experiment too suc¬ 

cessfully established near-threshold taste sensations with 

some degree of uncertainty as to their exact nature. 

Another indication of the low sensory intensities 

produced by the acetic acid concentrations was the varia¬ 

tion in response across time. Although the stimulus concen¬ 

trations were chosen to create some uncertainty, the Ss' 

performance rates were expected to remain fairly constant 

from session to session. Actual performance showed this 

not to be the case. One pilot-test subject could not 

detect concentrations as high as 75 mg/1 acetic acid after 

consistently rejecting 40 mg/1 the previous week. Several 

subjects, during the actual experiment, commented on the 

change in the taste of the deionized rinse water between 

sessions. Another subject wanted to know if the stimulus 

concentrations had been changed between sessions. This 
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subject scored 801 of the stimuli in the lower three 

categories one day and about 75% of the stimuli in the 

upper two categories the next day. Laboratory conditions-- 

temperature of the air, stimuli, and rinse water; lighting 

levels; quality of the rinse water; etc.--were the same, as 

were the stimulus concentrations. 

Such gross variation in response pattern was not 

expected, and is contrary to the literature on taste 

testing. Numerous reports support the observations cited 

earlier (Stevens, 1969; Stone 6 Oliver, 1966), and recent 

replications of specific substances were undertaken more 

to compare experimental methods than to validate previous 

findings (Moskowitz, 1971; Stevens, 1969; Meiselman, 1971). 

The response variation observed in the present experiment 

thus should not be the result of variation in perception. 

The alternative conclusion would be that the response 

patterns were due to a variation in evaluational criteria. 

Kocher and Fisher (1969) reported contrary results in an 

experiment concerning subjective intensity and taste 

preference. Inspection of their data shows that the chemi¬ 

cal concentrations used in the present experiment were more 

dilute than their acid stimuli (citric acid). The present 

stimuli, furthermore, were consistently below the lowest 

stimulus concentrations reported in the literature. The 

greater range of higher chemical concentrations used else¬ 

where conceivably could require less perceptual sensitivity 
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on the part of the subject. Any variations in the subject’s 

perception of stimulus intensities would thus be negligible, 

given the range of subjective intensity. Because the chemi¬ 

cal concentrations in this experiment were dilute, it appears 

that the subjective taste intensities were subtle enough to 

be affected by variations in the perceptual capabilities of 

the subjects. 

Conclusions 

The experimental method was shown to operate in the 

taste evaluation of water quality. Because of the complex 

nature of the behaviors associated with evaluation, some 

of the data were not significant. The signal detection 

paradigm, however, was demonstrated to be a valid means 

of measuring the process of taste evaluation. Taste 

evaluation is the result of applying a unique experiential 

history to a set of perceptions that are uniquely related 

to complex chemical processes. As a result, individuals 

will react differently to the same series of stimuli and 

will also base their judgments on different parameters. 

The existence of individual differences in both 

perception and taste attitudes make the use of this paradigm 

difficult. One solution would be to institute a rigorous 

pretesting procedure to select sample populations for future 

experimentation. The procedures used in the food industry 

(Dixon, 1970) appear to be applicable in selecting subjects 
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with consistent perceptual capabilities. A pretest will 

also determine the full range of taste intensities each 

subject considers acceptable for each criterion-category 

used. The resulting ranges of chemical concentration and 

the intervals between subjective intensities will quite 

probably differ between subjects, so a separate range 

of concentrations should be such that there is no confusion 

in the relative values of the criteria. Since taste evalu¬ 

ation is a more complex behavioral process than intensity 

scaling or magnitude estimation, the experimental design 

must account for the effect of unacceptability at low 

concentrations. 

The results of the present experiment show that 

people are apparently willing to accept a lower quality 

of water for purposes that do not require ingestion. 

Furthermore, consumer complaints concerning subtle taste 

qualities are more a result of experiential factors and 

dietary habits than chemical concentration. 
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Appendix I 

Subject Response Pattern Tables 
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Table 2 

Response Patterns 

For Subject 1 

Acetic 
Acid 

Concentration 

Water Use -Category 

Drink Food Bath Lawn None N 

15 mg/1 2 10 24 39 10 85 

20 mg/1 48 31 16 5 0 100 

25 mg/1 5 24 37 32 2 100 

30 mg/1 27 33 21 14 5 100 

35 mg/1 2 6 26 56 10 100 

Note: Entries are the number of times that 
category was found to be the highest 
acceptable category. 



Table 3 

Response Patterns 

For Subject 2 

Acetic 
Acid 

Concentration 

Water Use i-Category 

N Drink Food Bath Lawn None 

15 mg/1 40 42 8 0 0 90 

20 mg/1 57 31 11 0 0 99 

25 mg/1 34 47 17 0 1 99 

30 mg/1 45 37 15 0 3 100 

35 mg/1 47 28 20 0 5 100 

Note: Entries are the number of times that 
category was found to be the highest 
acceptable category. 
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Table 4 

Response Patterns 

For Subject 3 

Acetic 
Acid 

Concentration 

Water Use-Category 

N Drink Food Bath Lawn None 

15 mg/1 30 38 23 1 8 100 

20 mg/1 30 34 28 3 5 100 

25 mg/1 50 28 20 1 1 100 

30 mg/1 43 39 17 0 2 100 

35 mg/1 43 39 16 0 3 100 

Note: Entries are the number of times that 
category was found to be the highest 
acceptable category. 
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Table 5 

Response Patterns 

For Subject 4 

Acetic 
Acid 

Concentration 

Water Use -Category 

N Drink Food Bath Lawn None 

15 mg/1 11 30 27 16 0 84 

20 mg/1 2 34 35 12 1 84 

25 mg/1 2 29 41 11 0 83 

30 mg/1 0 29 40 14 0 83 

35 mg/1 1 30 41 11 1 83 

40 mg/1 1 25 30 7 0 63 

45 mg/1 1 25 29 10 0 65 

Note: Entries are the number of times that 
category was found to be the highest 
acceptable category. 
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Table 6 

Response Patterns 

For Subject 5 

Acetic 
Acid 

Concentration 

Water Use -Category 

N Drink Food Bath Lawn None 

15 mg/1 45 23 18 7 3 96 

20 mg/1 9 28 47 10 2 96 

25 mg/1 22 33 28 11 2 96 

30 mg/1 41 29 17 8 1 96 

35 mg/1 41 25 20 10 0 96 

40 mg/1 22 46 21 6 1 96 

45 mg/1 31 40 16 7 2 96 

Note: Entries are the number of times that 
category was found to be the highest 
acceptable category. 
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Appendix II 

Questionnaire and Sample Score Sheet 



53 It has been theorized that people will accept certain 
qualities of water for one purpose but not for another. 
In other words, while people will not drink water of a 
certain purity, they may be ^uite willing to swim in it. 

Listed below are pairs of water-using purposes that are 
commonly found in urban residences. Please check the one usage in 
each pair for which you would desire water of greater purity. 

1. Drinking water 
Laundry 

22 Laundry 
Bathing 

2. Food preparation 
Bathing 

23 Food preparation 
Swimming 

3. Lawn watering , gardening 
Swimming 

24 Lawn watering, gardening 
Beverage preparation 

4. Dish washing 
Beverage preparation 

(eg. coffee) 

25 Dish washing 
Toilet flushing 

5. Toilet flushing 
Housecleaning (scrubbing, 

26 
etc) 

Food preparation 
Beverage preparation 

6. Drinking water 
Food preparation 

27 Bathing 
Dish washing 

7. Lawn watering, gardening 
Dish washing 

28 Drinking water 
Lawn watering, gardening 

3. Toilet flushing 
Laundry 

29 Laundry 
Swimming 

9. Bathing 
Swimming 

30 Toilet flushing 
Swimming 

10 Beverage preparation 
Housecleaning 

31 Bathing 
Housecleaning 

11 Laundry 
Food preparation 

32 Laundry 
Dish washing 

12 Bathing 
Lawn watering, gardening 

33 Bathing 
Toilet flushing 

13 Swimming 
Dish washing 

34 Bathing 
Drinking water 

14 Beverage preparation 
Toilet flushing 

35 Food preparation 
Lawn watering, gardening 

15. Housecleaning 
Drinking water 

36 Swimming 
Housecleaning 

16 Lawn watering, gardening 
Toilet flushing 

37 Drinking water 
Dish washing 

17 Swimming 
Beverage preparation 

=33 Laundry 
Lawn watering, gardening 

13 Lawn watering, gardening 
Housecleaning 

39 Food preparation 
Toilet flushing 



20 7ood preparation 41 Drinking water 
Dish washing Swimming 

21 Bathing 42 Laundry 
Beverage preparation Beverage preparation 
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JH INK ROOD BATH IA ;N DRINK FOOD BAIH LANS 

DI INK FOOD BATH LANS DRINK FOOD BATH LANS 

DH INK FOOD DATE LAIN DRINK FOOD BiTH LA;;N 

BRISK FOOD BAIH LANS DRINK FOOD BATH LA',IS 

DRINK FOOD BATH LA HI DRINK FOOD BATH LA..H 

DRINK FOOD BATH LAIN DRINK FOOD BATH LA.:N 

DRINK FOOD BATH LANS DRINK FOOD B-iTH LA.:N 

DUNK FOOD BAIH LAIN DRINK FOOD BATH LA,N 

DUNK FOOD BATH IANS DRINK FOOD BATH LA.,N 

DRINK FOOD BATH LAIN DR INK FOOD BATH LANS 

DRINK FOOD BATH Là .. N DRINK FOOD BATH LA.,N 

DRINK FOOD BATH LA,.AT DRINK FOOD BATH LANS 

DRINK FOOD BATH LAIN DRINK FOOD BATH LANK 

DRINK FOOD B.'-TH LAIN DRINK FOOD BATH LANS 

DRINK FOOD BATH LANN DRINK FOOD BATH LANS 

DIINK FOOD 3ATH LAKH DRINK FOOD BATH LA .N 

DRINK FOOD BATH LANS DRINK FOOD BATH LA.;N 

DRINK FOOD BATH LANS DRINK FOOD BATH LANS 

DRINK FOOD 3ATH LANS DRINK FOOD BATH LA..N 

DRINK FOOD BATH LAIN DRINK FOOD BATH LA TN 

DRINK FOOD BATH LANS DRINK FOOD B-TH LA.7N 

DRINK FOOD BATH LANS DRINK FOOD BATH LA.iN 

DRINK FOOD BATH LAIN DRINK FOOD BAIH LANS 

DRINK FOOD BATH LAIN DRINK FOOD BATH LA'.fN 

DRINK FOOD BAIH LAIN DRINK FOOD BATH LA‘,TN 


