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Abstract

The School of Graduate Studies,
The Open University of Japan

Masafumi Kumode

Constructing Methods and Contents for Elementary-Level Probability
Education: Focusing on the Relationship Between Probability Judgments and

Expected Value Judgments

This study evaluates the many factors involved in teaching probability to
elementary school students. The introduction hypothesizes that one reason
for the difficulty of probability study is that no organized elementary-level
probability curriculum exists in Japan. In addition, the teaching of
probability is more closely related to psychological research than other areas
of mathematics because it is important to build learning content and methods
based on learners’ cognitive development of probability concepts.

Chapter 1 presents the issues for examination regarding the teaching of
probability at the elementary school level through a review of how probability
is taught both in and outside Japan, and traces the genealogy of existing
research into probability education. It was discovered that probability
education in Japanese elementary schools has historically received more
casual treatment than other areas. In contrast, in several other countries, the
importance of probability education from stages as early as preschool or early
elementary school has been discussed, and this has also been reflected in their
school curricula.

Chapter 2 reviews the various models and curriculum plans which have
been developed and proposed for the cognitive development of probability
concepts at the elementary school level as a result of how this topic is
introduced at a younger age around the world. The review reveals the fact
that in recent years, the trend has been to put together learning methods and
content specific to elementary schools rather than trying to adopt those
originally developed for junior or senior high school students. However, while
probability concepts play an important role in decision making and risk



management, the failure to highlight these connections is a problem. In
particular, the concept of expected value can be used as a normative decision-
making standard, which is important when trying to manage risk in a
quantitative manner. Based on these discussions, the following three research
1ssues are educed: testing empirically the existing models for the cognitive
development of probability concepts from a practical perspective, clarifying
the cognitive development process of the concept of expected value in
elementary school learners, and developing probability teaching materials
based on teaching principles effective for teaching probability at the
elementary school level. Issue 1 is taken up in Chapters 3 through 5, Issue 2
in Chapters 6 and 7, and Issue 3 in Chapter 8.

Chapter 3 explores the results of a cross-sectional survey of probability
judgments in first- through sixth-grade students (Study 1). Study 1 used a
survey task in which learners make judgments and comparisons of
probability numbers to analyze the developmental characteristics of
probability judgments in Japanese learners so as to examine the possibility
pointed out by Fischbein (1975) that probability concept formation is being
hampered. The survey results were analyzed in the following way. First, using
the two representations classified by Norman (1983), quantitative, frequency,
and subjective views were taken up as mental models corresponding to the
three concept models of classical probability, statistical probability, and
subjective probability. Next, the differences in application rates of each view
from each school year to the next were analyzed. Furthermore, strategic
analysis was performed to examine the qualitative aspect of the subjective
view. Results were characterized by an increase in the subjective view among
sixth graders. Understanding of cause-and-effect increased with each school
year, and this is thought to be a factor in the increasing tendency among older
elementary schoolers to solve probability judgment problems applying causal
reasoning as well. Additionally, errors were observed in the lower to middle
elementary years, where students incorrectly related various attributes of the
problem situation to probability judgments. Concerns were raised that the
status quo, in which the probability curriculum is not suitably organized at
the elementary school level, may be failing to ameliorate these errors and
thus hampering the learning of probability at the secondary level and beyond.

In Chapter 4, the abovementioned models and curriculum plans are put to
the test from a practical standpoint, with a focus on the lower elementary
years. A case study of two second-grade learners (Study 2) was used to
examine the possibility that intentional teaching in the lower elementary



school years could enhance learners’ probability concept formation. The
teaching objective was for the student to understand how to compare and
evaluate probability based on the configuration of the sample space. Two
different kinds of analysis were conducted, the first was an analysis of the
teaching/learning process, and the second was a comparison of the
before/after evaluation task results. The results suggest that there is a
possibility that the grasp of probability judgment perspectives based on
sample space configuration is promoted through intentional teaching.
However, it was noted that this possibility might apply only to the case study
of these two learners. Therefore, actual teaching was conducted with a class
of first graders (Study 3) to examine the effectiveness of probability education
in actual practice targeted at a lower elementary school class. The study
employed a formal experimental method called the configuration method. The
teaching objective was similar to that of Study 2, and again two kinds of
analyses were performed—an analysis of the teaching/learning process and a
comparison of the before/after evaluation task results. The results revealed a
trend where the rate of correct answers increased, suggesting that probability
education practice targeted at lower elementary years is thus meaningful. On
the other hand, errors where learners are confused between probability and
decision-making judgments did not see adequate improvements, and it was
noted that the effectiveness of educational practice 1s limited.

Chapter 5 continues to verify the effectiveness of the abovementioned
models and curriculum plans, but this time with a focus on the middle
elementary school years. A case study of a fourth-grade learner (Study 4) was
used to examine the possibility that learners’ probability concept formation
could be promoted through intentional teaching in the middle elementary
school years. The teaching objective was to make the student understand how
to make judgments about the probability of an event using evidence based on
the proportion that the event takes up in the sample space. The same methods
as Study 2 were used in the analysis of the results, and the findings show that
this teaching objective can be attained and promoted through intentional
teaching. However, it was noted that this might apply only to the case study
of the single learner. Therefore, actual teaching was conducted (Study 5)
targeting a class of fourth-grade students. The objective of Study 5 was to
examine the effects of probability education in practice targeting a middle
elementary school class. The teaching objective was similar to that of Study
3. The configuration method was used as the research method, with analysis
of the results conducted along the same lines as Study 3. The results of



educational practice show a polarizing phenomenon in which the formation
of the concept of probability was facilitated in some learners but not in others.
Given the status quo in which the cognitive development of probability
concepts is left to the individual, learners at qualitatively different stages are
mixed together in the middle years of elementary school, and this could have
a factor which contributed to the discrepancy in the effectiveness of teaching
practice.

In Chapter 6, an analysis was made using the results of a survey of expected
value judgments in fifth- and sixth-grade students (Study 6). Using a survey
task in which learners made judgments and comparisons about expected
values, Study 6 aimed to examine the validity of a method combining a rule
evaluation approach and strategic analysis as a framework for understanding
how to make judgments about expected values in elementary school learners.
The analysis of the results was performed as follows. First, the rules were
identified using a rule evaluation approach. Next, the differences in expected
value judgments between school years and task types were analyzed. Finally,
through a strategic analysis of the reasons provided by the learners, the
qualitative aspect of expected value judgment was examined. The survey
results showed that learners’ expected value judgment status could be
grasped objectively through the rule evaluation approach. Strategic analysis
was able to also identify the struggles students faced and the factors which
contributed to them which could not be gleaned from the rule evaluation
approach alone. This indicated that the methods employed in this study were
appropriate.

Chapter 7 reveals the results of a cross-sectional survey on expected value
judgments of first- through sixth-grade students (Study 7). Using a survey
task in which learners make judgments and comparisons about expected
values, Study 7 used the methods of Study 6 to clarify the developmental
features of elementary school level expected value judgments. The analysis of
the results was performed as follows. First, using a rule evaluation approach,
the rules were identified from an analysis of the response pattern. Next, the
differences in the rate of rule application between school years were
investigated. Finally, strategic analysis was applied to each rule. The survey
results extracted six stages of expected value judgments at the elementary
school level—Stage 1: no consideration of the probability value (P) or
probability variable value (V); Stage 2: comparison based on a single value of
either P or V; Stage 3: comparison with attention to both the P and V variables
for the fixed task only; Stage 4: comparison using qualitative reasoning with



attention to both variables; Stage 5! transition from qualitative to
quantitative reasoning with attention to both variables; and Stage 6:
comparison using appropriate quantitative reasoning with attention to both
variables. The survey showed the influence on advancing stages of expected
value judgment through learning experiences in areas related to expected
values.

Chapter 8 proposes five teaching principles and presents corresponding
teaching materials, thought to be effective in elementary school probability
education, based on the knowledge gained through empirical research and
focusing on the relationship between expected value judgments and
probability judgments. Principle 1 is the comparison of probability judgments,
probability variable value judgments, and expected value judgments as
normative decision-making standards. Principle 2 is the increased precision
of the qualitative probability judgment, probability variable value judgment,
and expected value judgment relationship prior to addressing the expected
value concept quantitatively. Principle 3 is the encouragement of attention to
frequency in order to promote the transition from qualitative to quantitative
reasoning in expected value judgments. Principle 4 is the clarification of the
differences between probability and ratios (proportional constants). Principle
5 1s the use of fixed time trial tasks. These five teaching principles were
employed to develop a set of materials for teaching probability at the
elementary school level.

In the concluding chapter, ongoing research issues which remain
unresolved are addressed. First, teaching materials which have been
developed must be tested in actual practice to examine their appropriateness.
Next, learning content and methods must be constructed with a
comprehensive grasp of the constituent elements of the concept of probability.
In addition, the creation of a systematic probability curriculum, which could
possibly be extended to the preschool level as well as post-secondary
education, is also a potential problem that needs to be dealt with.
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