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RELATIVE AND ABSOLUTE THINKING IN VISUAL ESTIMATION
PROCESSES

ABSTRACT. This study has two main goals: (1) to investigate the processes involved in
visual estimation (part I of the study), and (2) to investigate the processes of judgment
in visual estimation situations, which mostly involved proportional reasoning (part II).
The study was conducted with 9-year old children in the third grade. Four strategies were
expressed by the children in visual estimation situations. Exposure to a unit in the Agam
project, designed to enhance visual estimation capabilities resulted in changes in the chil-
dren’s strategies. These changes reflected the processes by which children overcame their
limited ability to process visual information. The development of proportional reasoning
was investigated through a series of judgment situations. Although, as was expected, most
of the children showed an additive behavior, these situations stimulated some children
towards qualitative proportional reasoning, where easy/difficult considerations played an
important role.

1. INTRODUCTION

The main goals of this study were:

1. to investigate visual estimation processes (Part I), and
2. to investigate processes of judgment in visual estimation situations,
which mostly involved proportional situations, (Part II).

The two parts of the research were done with 9 year old children.

1.1. The study problem situations

Two types of problem situations form the basis for the two parts of this
study:

For part I: Estimation situations. Flash cards bearing various numbers of
dots (see Figure 1) were presented for a short period of time to a child. The
child was asked to evaluate the number of dots and then to explain how
s/he arrived at that number.

For part II: Judgment situations. The subject was asked to judge the quality
of several estimates, and to explain how she or he arrived at that answer (see
Figure 2). These situations were mostly proportional reasoning situations.
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Figure 1. A dots flash card.

Two dot pictures were shown to Noa for a short period of time.

There are 20 dots in picture 1 (P1) and 50 dots in picture 2 (P2).
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Noa said that there are 25 dots in P1 and 55 dots in P2. Was one
of Noa's answers better than the other one, or were both answers

equally good?

Figure 2. A judgment situation.

The above estimation and judgment problem situations involve the
integration of: (i) estimation processes, (ii) visual information processing
and (111) proportional reasoning.

In the following section, we will discuss the main issues relevant to
these three components.

1.2. Estimation, visual information processing, and proportional
reasoning

There are many daily situations in which we use estimation processes. The
process of estimation depends on the situation itself as well as the estimator.
The final step in the estimation process is the result — the estimate, which
should be reasonably close to the exact quantity. Defining whether the
estimate is reasonable means that we need to be able to judge the estimate
in relation to the quantity estimated. Proportional thinking is required for
this purpose.

The following questions can form a basis for research which involves
any type of estimation processes:
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a. How good is the subject in his/her estimate, i.e., how close is the
estimate to the exact quantity?

b. What was the strategy that led the subject to her/his estimate?
c. In what way is the subject aware of the quality of the estimate? How
does s/he judge that one estimate is better than the other?

In each of the above three questions the effect of instruction (experience)
can be investigated.

Several research studies have investigated the first two questions; the

ability to estimate and the strategy involved in arriving at the particular
estimate. These studies suggest that the estimate obtained and the strategy
used depend mainly on the situation, the age and the experience of the
estimator (e.g., Reys et al, 1982; Hildreth, 1983; Glinner, 1991).
Judging whether one estimate is better than another is related to propor-
tional reasoning. Many research studies about issues related to proportional
reasoning in general have been carried out (e.g. Karplus, 1983; Hart, 1988;
Behr et al., 1992; Lamon, 1993), but few studies have investigated the
relationship between proportional reasoning and estimation processes.

Our judgment situations fit the criteria of comparison problems in the

context of proportional reasoning, where all four values (A,B,C,D) are
given, and the goal is to judge which is true:
A/B < C/D or A/B = C/D or A/B > C/D (Lesh et al., 1988). In our
judgment situations, as described in Figure 2, B and D are the quantities
to be estimated and A and C are the estimates, where IB-Al and ID-Cl are
the absolute errors. There are two sets of ratios A/B and C/D or IB-Al/B
and ID-CI/D which should be compared in the judgment process. These
judgment situations involve several types of comparisons:

1. When B=D, the quantities to be estimated are equal. In this case in
order to judge which ratio is bigger (equal, smaller), it is only necessary
to absolutely compare the estimates, A and C, or the absolute errors,
IB-Al and ID-CI.

2. When the quantities to be estimated are not equal (B#D) but either
the estimates are equal (A=C) or the absolute errors are equal, (IB-Al
= |ID-Cl), then it is safer to use a proportional judgment.

3. When B#D and in addition, either the estimates are unequal or the
absolute errors are unequal (A#C and/or IB-Al#ID-CI), then propor-
tional calculations of the relative errors must be performed.

Research studies on proportional reasoning suggest some developmen-
tal stages in the strategies used by subjects presented with proportion tasks.
A pre-proportional strategy is the additive strategy (Karplus et al., 1983;
Hart, 1988; Lesh et al., 1988; Nunes et al., 1993 and Lamon, 1993), where
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children treat the data in an absolute way. They add or subtract instead of
multiplying or dividing. While the additive strategy will work in the first
type of the comparison tasks, it is not appropriate for the other two. Thus
as Lamon (1993: p. 58) suggested, “not only do students need to recognize
the relative comparison as an alternative to their additive view of the world
but also to develop criteria by which to judge which of the perspectives is
appropriate in a given situation.”

Hart (1988: p. 217) drew attention to studies that suggested a lack in con-
sistency of approach by individual children. Thus, although the child used
proportional thinking in one task, s/he did not use the same strategy in
another similar task. Hart also pointed out that the relations between num-
bers used in these studies, were small integers. In addition, Hart showed
that “there is evidence that young children and the less successful sec-
ondary school pupils have a sense of what ‘looks right’ or of what seems
to be a distortion.”

In a study involving proportional reasoning in computational estima-
tion, (Sowder and Markovits, 1990), it was found that seventh graders had
difficulties understanding that, in certain situation, the use of relative error
would be more appropriate than the use of absolute error. In another study,
Markovits (1987), found that when dealing with estimation in measure-
ment, both sixth and seventh graders as well as, preservice and inservice
teachers used absolute errors when relative errors were more appropriate.
In the same study, it was found that the students were much more suc-
cessful, after a brief instructional experience. Such instruction also had an
impact on seventh graders, when judgment situations were in the context
of computational estimation (Markovits and Sowder, 1994).

In our study, we were concerned with visual estimation of discrete quan-
tities. Visual processes are part of the processes by which human beings
deal with the representation of visual information.

According to Piaget’s theory, “the representation of space is not a percep-
tual ‘reading off’ the spatial environment, but is the build-up from prior
active manipulation of that environment” (Clements and Battista, 1992: p.
422). Bryant (1974), who continued Piaget’s approach, found that humans
are born with the ability of gathering information by relative codes only,
and not by absolute codes, meaning that children can say that one object
is bigger (heavier, sweeter, etc.) than another object, but they cannot say
how big it is. With experience, children learn to use external frames of
reference and gradually, learn to deal with absolute information. In this
sense, a child can use any previous chunk of information as a frame of
reference. Thus, Bryant claims that the perceptual judgment of the child



RELATIVE AND ABSOLUTE THINKING 33

is based on deductive inferences; unlike Piaget, he thinks that the child is
able to infer deductively from a very young age.

In psychological research studies, it was found that when time was
restricted, eight is the largest number of objects one can recall with exact-
ness (Folk et al., 1988). In our study the quantity of objects used is much
larger than 8. Thus, human perception is not enough to evaluate the exact
number of objects, and some estimation processes must take place.

2. THE STUDY

2.1. Background

The study was performed as a part of the Agam Project for visual education.
This program was envisioned by the artist Yaacov Agam and has become
an educational reality through the work of a team of researchers and edu-
cators of the Science Teaching Department in the Weizmann Institute. The
project is an example of an effort to interweave the development of visual
language with a process of developing visual thinking processes. Some of
the program’s thirty-six curriculum units introduce students to such basic
visual concepts as the major geometric figures, directions, colors, and size
relationships. These units make up a “visual alphabet” that forms the basis
for more advanced concepts, such as symmetry, ratio and proportion and
other concepts that serve as building blocks in scientific and mathematical
thinking (Razel and Eylon, 1990; Eylon and Rosenfeld, 1990; Hershkowitz
and Markovits, 1992).

One of the goals of the Agam Program was to develop visual estimation
as an ability and as a part of visual thinking processes. Unit No. 28 in the
program deals with visual estimation. The implementation of this unit was
the trigger for the study discussed in this paper.

2.2. Research questions, research population, and research design

The goal of this study was to investigate the three main research questions
mentioned above, in the context of visual estimation. In part I of the
study, we investigated the two first questions. (See also Markovits and
Hershkowitz, 1993):

a. Subjects’ visual estimation abilities.
b. Types of strategies used in visual estimation situations.

In part II we investigated the third question:

c. Self judgment processes, or in other words, the subjects’ awareness of
the estimates’ accuracy.
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Figure 3. Flash cards for both interviews (a, b, ¢ for the first interview and d, e, and f, for
the second).

Twelve third-graders (about 9 years old) participated in this study.
The children were interviewed both before and after an instructional unit
designed to develop visual estimation abilities. The instructional unit did
not include activities to develop estimation strategies or self- judgment
processes. The interviews focused on the above three research questions,
that is, children’s visual estimation abilities, estimation strategies, and self
judgment processes.

2.3. The visual estimation unit (VEU)

The main objective of the visual estimation unit was to develop children’s
visual-numerical intuition by providing experience in visual estimation
tasks. The unit included the following activities:

1. A set of 30 flash cards, consisting of dot pictures in which the number of
dots varied from 10 to 40 and the arrangement of the dots was also varied
(see for example Figure 3 a,b,c), was presented to the children for a very
short period of time. Each child was asked to write down how many dots
s/he had seen. As immediate feedback, the teacher showed them the exact
number of dots, and the children wrote down the correct number next to
their own answers.

11. Concrete objects, such as pencils, plastic circles and squares, which
were spread randomly on a table, as well as pictures in children books and



