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Data are presented from two magnitude estimation experiments in which the geographical areas 
of Brazilian states were judged. In Experiment 1 observers estimated the areas of the states in 
three conditions: in the presence of a map (perceived area), using memory following study of a 
map (remembered area), and using only general knowledge of Brazilian geography (inferred area). 
The results showed that the psychophysical power law describes well the inferred, remembered, 
and perceived magnitude estimates of areas of states. As had been found previously for areas 
of states, the remembered exponent approximated the square of the perceived exponent. Experi­
ment 2 examined the correlations of the power functions exponents for observers who estimated 
areas of states on two sessions separated by an interval of 1 month. As in Experiment 1, observers 
estimated the areas from inference, from memory following study of a map, or in the presence 
of a map. Again, comparison of remembered and perceived psychophysical functions showed that 
for both sessions the remembered exponent was equal to the square of the perceived exponent. 
Since the correlations between Sessions 1 and 2 were fairly high and positive, the results also 
showed that all modes of judgments manifest temporal stability for an interval of at least 1 month 
between sessions. Stable individual differences can be shown for the exponent of the psychophysical 
power function for magnitude estimates of inferred, remembered, and perceived area. Although 
the exponent varies from one individual to another, the power function accurately describes the 
data of all observers in all conditions. 

Magnitude estimates of area generally have been 
described by a power function of the form J = kAn, where 
J is the apparent judgment, A is the physical area, k is 
a scaling factor, and n is an exponent (Baird, 1970; 
M. Teghtsoonian, 1%5). The exponent n is generally con­
sidered the more important parameter, since it indicates 
the curvature of the function. For perceptual judgments 
of area, the exponent is near .75 when observers are asked 
to judge the apparent area. This finding is supported by 
a large number of experiments and by a variety of psycho­
physical scaling procedures involving both the numeri­
cal and nonnumerical assessment of the apparent area (for 
reviews, see Baird, 1970; Da Silva, Dos Santos, & 
Da Silva, 1983). ' 

Large individual differences in the exponent for appar­
ent area (and for other sensory or perceptual attributes) 
have been observed by many authors (for reviews, see 
da Silva & Fukusima, 1986; M. Teghtsoonian & R. Teght­
soonian, 1983), so that different possible causes for the 
variability in individual exponents have been proposed 
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(Borg, 1986; R. Teghtsoonian & M. Teghtsoonian, 
1986). However, studies of the stability of psychophysi­
cal power function exponents produced by an individual 
over time have led to inconclusive results. On the one 
hand, for example, M. Teghtsoonian and R. Teghtsoon­
ian (1971, 1983) used magnitude estimation to scale length 
and area in five sessions separated by 24-h periods and 
again after an intersession interval of 1 year. They found 
individual exponents for both continua to be relatively sta­
ble for 24 h, but to lose stability beyond that interval. On 
the other hand, for example, Verrillo (1983), employing 
the method of absolute magnitude estimation, found a high 
temporal stability for two groups of observers who esti­
mated line length in two sessions. One group was retested 
after 1 year and the other after 2 years. This temporal sta­
bility was observed in both the exponent values of the 
power function and in the numerical estimates themselves. 

The primary concern of the present study was with the 
stability of individual exponents for judged area over a 
long intersession interval (1 month). The two experiments 
reported in this paper used conditions and instructions 
similar to those used by Kerst and Howard (1978). Ex­
periment 1 was essentially a replication of their Experi­
ments 1 and 2, in which the observers made inferred, 
remembered, and perceived estimates of geographical 
areas. The purpose was to extend the generality of previ­
ously reported differences in remembered and perceived 
exponents. In Experiment 2 the observers made similar 
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judgments on two sessions separated by an interval of 
1 month. The purpose was to determine the temporal sta­
bility of the power function exponents for psychophysi­
cal scaling of inferred, remembered, and perceived areas 
of states. 

EXPERIMENT 1 

Method 
Observers. The observers, 60 students between 17 and 26 years of 

age, partially satisfied a course requirement by participating in the ex­
periment. 

Materials and Procedure. The observers recorded their area esti­
mates of the 25 states of Brazil on a previously prepared 26-page book­
let of response sheets. Sheet I contained written instructions. Follow­
ing the instruction sheet, each sheet had the name of one state, and the 
sheets in each booklet were arranged in a different random order for 
each participant. 

Each of 60 observers was randomly assigned to one of three groups. 
The first group of observers judged area of states from memory, using 
general knowledge of Brazilian geography (infer group-Gi). The sec­
ond group estimated the area of states from memory, after studying a 
copy of the map placed on their desks (remember group-G2). The third 
group made the estimates while viewing a copy of the map of the 25 
states (perceive group-G3). An outline map (21.6x33 cm) showing 
only the boundaries and names of the states was provided for all ob­
servers of the remember and perceive groups. Observers in the infer 
group received only the booklet of 26 response sheets with the instruc­
tion sheet. Observers in the remember group were handed copies of 
the map and then were given a brief instruction sheet that asked them 
to study the map for a 7-min period to get a good idea of the relative 
dimensions of the states. Immediately following this period of study, 
the experimenters collected the maps and distributed the booklet of 
response sheets with the instruction sheet. The observers in the perceive 
group received the booklet of response sheets, the instruction sheet, and 
a copy of the map all at the same time. 

The method of magnitude estimation was used with the area of the 
state of Siio Paulo as a modular area. This standard was chosen because 
of its being in the middle of the rank order of the physical variable and 
because it was very familiar for all observers. The instructions to the 
observers emphasized that they could use any numbers appropriate for 
representing the apparent geographical area of each state. It was also 
explained that the area of Sao Paulo was to serve as a standard and that 
it should be assigned a value of 100 units. Each state was judged only 
once. The observers were tested in groups during a class period. No 
participant required more than 20 min to complete the task. 

Results and Discussion 
The psychophysical function. For each observer a 

straight line was fitted by the method of least squares, 
relating log magnitude estimates to log actual geographi­
cal area. The assigned modulus was treated as a judgment 
(equal to 1(0). The slope (n), the scale factor, and the 
coefficients of determination (rl) were computed for each 
observer. The arithmetic mean exponents for each group 
of observers, the standard deviations, and coefficients of 
determination are presented in Table 1. The mean expo­
nents were: .40 (range .12-.91), .63 (range .22-1.01), and 
.79 (range .42-1.03) for Gl, G2, and G3, respectively. 
The good quality of the fits for individual subjects is in­
dicated by the mean coefficients of determination (rl) for 
the individual fitted lines: .45, .73, and .94, respectively, 
for G 1, G2, and G3. Because large differences were found 
between the coefficients of determination, we can say that 

Table 1 
Mean Exponents (n), Standard Deviations (SD), and Coefficients 

or Determination (r') or Best-Fitting Power Functions ror 
Inferred, Remembered, and Perceived Magnitude 

Estimates or Geographical Area 
Group n SD Range r' 

Infer .40 .19 .12-.91 .454 
Remember .63 .21 .22-1.01 .733 
Perceive .79 .13 .42-1.03 .940 

the power function fits the judgments of perceived area 
much better than those for inferred and remembered areas. 

The exponent obtained for the perceive· group shows 
good agreement with those obtained for apparent area (be­
tween .60- .90) by M. Teghtsoonian (1965), by Baird, 
Green, and Luce (1980), and by da Silva and Macedo 
(1983), and analyzed by Baird (1970) and by da Silva 
et al. (1983). Furthermore, those obtained for the infer 
and remember groups fell within the range expected from 
earlier studies (Kerst & Howard, 1978, 1984; Lundberg 
& Ekman, 1972; Moyer, Bradley, Sorensen, Whiting, & 
Mansfield, 1978; Osaka, 1983), in which similar attri­
butes and experimental conditions were used. 

An analysis of variance (ANOV A) of the individual ex­
ponents revealed that the differences between the mean 
exponents were significant [F(2,57) = 23.32,p < .001]. 
Subsequent comparisons by Duncan's test (p < .05) 
showed that the mean exponents observed for the infer 
and remember groups were smaller than that observed for 
the perceive group and that the mean exponent for the 
infer group was smaller than that for the remember group. 
In addition, the mean remember exponent was essentially 
equal to the square of the mean perceive exponent. This 
pattern of results is in good agreement with that obtained 
in previous studies and confirms the relationship between 
the perceive and remember exponents postulated by Kerst 
and Howard (1978), by Moyer et al. (1978), and by 
Moyer, Sklarew, and Whiting (1982). These researchers 
have hypothesized that two power functions with the same 
exponent intervene between the actual physical magnitude 
of an attribute and its remembered dimension estimate. 
The first function represents the perceptual stage and the 
second pertains to recall. In the perceptual task, only the 
first stage is involved, whereas both are involved in the 
task with remembered stimuli. 

EXPERIMENT 2 

The results of Experiment 1 showed that the perceived, 
remembered, and inferred estimates of geographical areas 
of states were related to actual stimulus magnitude by 
power functions and that the remembered exponent was 
approximately equal to the square of the perceived expo­
nent. Experiment 2 used similar experimental conditions 
to determine the temporal stability of the individual psycho­
physical functions for inferred, remembered, and per­
ceived estimates of the areas of states. Observers judged 
the areas of states in two sessions separated by 1 month. 
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Method 
Observers. The observers, 60 students between 17 and 26 years of 

age, were recruited from psychology courses; they received credit for 
their participation. The observers were assigned to the same conditions 
as in Experiment 1; thus, there were 20 observers in each group, Gl, 
G2, and G3. Because some of the observers failed to appear for Ses­
sion 2, the final Ns were 19 for GI, 17 for G2, and 18 for G3. None 
had participated in Experiment 1. 

Materials and Procedure. The materials and the procedure employed 
were essentially the same as those used in Experiment 1. Also, instruc­
tions were identical to those of Experiment 1. All observers made mag­
nitude estimates of the areas of the 25 Brazilian states in two sessions 
separated by I month. The second session was a replication of the first 
session in that area was judged only once. Each observer had different 
random orders of the 25 response sheets in Sessions 1 and 2. Within 
each group the observers had different random orders. The observers 
did not know they would be tested a second time until that moment arose 
(in the classroom). 

Results and Discussion 
The psychophysical function. For each observer in 

Sessions 1 and 2, a least squares fit oflog magnitude esti­
mates as a function of log actual geographical areas was 
obtained. The slope (n), the scale factor, and the coeffi­
cients of determination were computed for each observer. 
These values, together with the range of exponents, are 
presented in Table 2. The mean exponents for Session 1 
were .51, .60, and .84, and for Session 2 were .49, .64, 
and .81, respectively, for 01, G2, and G3. A 3 x2 (group 
x session, with repeated measures on last factor) ANOV A 
carried out on the individual exponents yielded a signifi­
cant effect of group [F(2,51) = 17.15,p < .001], while 
showing that session was a nonsignificant source (F < 1). 
Furthermore, the interaction of group and session was 
nonsignificant [F(2,51) = 1.25,p = .294]. As in Experi­
ment 1, the exponents presented in Table 2 for the two 
sessions fell within the range of exponents expected from 
earlier studies; they also confirm the claim of Kerst and 
Howard (1978, 1984) that the exponent obtained for 
remembered judgments is approximately equal to the 
square of the exponent obtained for perceived estimates 
of the same attribute. This pattern of results was found 
for magnitude estimates obtained in two sessions sepa­
rated by one month. 

Session-ta-session correlations. Pearson correlation 
coefficients were calculated between the individual ex­
ponents obtained in Sessions 1 and 2 for each group. These 
correlations are presented in the last column of Table 2. 
The correlations between the exponents obtained in Ses-

Table 2 
Mean Exponents (n), Standard Deviations (SD), Coefficients of 
Determination (r'), and Session I-Session 2 Correlations ('1,) 

Between Power Function Exponents for Inferred, 
Remembered, and Perceived Magnitude Estimates 

of Geographical Area 

Session I Session 12 

Groups n SD Range " n SD Range r' r" 
Infer .51 .20 .19-.92 .51 .49 .20 .13-1.05 .59 .63* 
Remember . 60 .19 .26-.94 .71 .64 .24 .28-1.08 .70 .80* 
Perceive .84 .12 .61-1.05 .95 .81 .10 .58- .98 .95 .53* 

*p < .02. 

sions 1 and 2 were .63 (p < .(01) for the infer group, 
.80 (p < .(01) for the remember group, and .53 
(p < .02) for the perceive group. All correlations were 
fairly high and positive. These correlations, together with 
the nonsignificant effect of session on the exponents, in­
dicate that although observers differ in their exponents, 
the manipulation of repeating the estimates in two ses­
sions separated by 1 month exerts no systematic effect on 
the mean value of the exponents for inferred, remem­
bered, and perceived psychophysical functions. In short, 
the observers showed consistency in inferred, remem­
bered, and perceived magnitude estimates of areas of 
states. 

GENERAL DISCUSSION 

The experiments described in this report show that the psychophysi­
cal power law describes well the inferred, remembered, and perceived 
estimates of the areas of states. Moreover, the size of the exponents 
for the inferred and remembered psychophysical functions were smaller 
than that obtained for the perceived psychophysical function. The fol­
lowing ordinal relationship between the sizes of the mean exponents was 
obtained: perceived > remembered > inferred. This relationship, as 
suggested by Mulholland, Da Silva, Janczura, and Penso (1981) and 
by Wiest and Bell (1985), may represent differences in the amount or 
complexity of cognitive processing required to produce an estimate. The 
experiments also confirm the hypothesis proposed by Kerst and Howard 
(1978, 1984) that the remembered estimates involve a second power 
transformation identical to the original perceived one, so that the remem­
bered exponent is approximately equal to the square of the perceived 
exponent. 

In addition, the results suggest that the psychophysical power law 
describes the individual performance as well as average group perfor­
mance and that the individual inferred, remembered, and perceived ex­
ponents manifest a temporal stability of at least 1 month. 
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