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Abstract: The purpose of the present study was to test the hypothesis that student's abductive reasoning skills play an
important role in the generation of hypotheses on pendulum motion tasks. To test the hypothesis, a hypothesis-generating
test on the pendulum motion and a prior knowledge test about the length of the pendulum motion were developed and
administered to a sample of 5th grade children. A significant number of subjects who have the prior knowledge about the
length of the pendulum motion failed to apply that prior knowledge to generate a hypothesis on a swing task. These
results showed that students' failure in hypothesis-generating was related to their deficiency in abductive reasoning ability,
rather than the simple lack of prior knowledge. Furthermore, children’s successful generating hypothesis should be required
their abductive reasoning skills as well as prior knowledge. Therefore, this study supports the notion that abductive
reasoning ability beyond prior knowledge plays an important role in the process of hypothesis-generation. This study
suggests that science education should provide teaching about abductive reasoning as well as scientific declarative
knowledge for developing children's hypothesis-generating skills.
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Introduction of some observed phenomena (Barnhart, 1953). Sci-

ence educators know well that scientific reasoning

Hypothesis is defined as a single proposition pro- involves generating as well as testing hypotheses.
posed as a possible explanation for the occurrence Specifically, hypothesis-generating has been regarded

as one of core reasoning processes in creative think-

ing and scientific discovery (Klahr and Dunbar,
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ence textbooks have concentrated on
procedures for testing hypotheses (e.g., designing

experiment, manipulating and controlling variables,

heavily

collecting data, measurement, analyzing data, and
etc) and largely ignore procedures for generating
the hypotheses (Kwon et al,, 2000). This educa-
tional ignorance probably reflects the deficiency of
teaching strategy.

A certain hypothesis may be generated in a
moment. On the other hand, a complex, revolution-
ary hypothesis may take some time to form. Some-
times a reasoner leaps to a hypothesis almost as
soon as he sees a problem while another reasoner
needs a time to gemerate a hypothesis about the
same problem. What is the principal difference
between good and poor reasoners in generating
hypotheses? Generally speaking, there are two fac-
tors to influence hypothesis-generation. One factor is
the reasoner’s prior knowledge which is a stored
prior experience. The other is the reasoner’s ability
to pick up the stored knowledge (Lawson, 1995).

An important alternative of hypothesis-generating
factor has existed that would explain the perfor-
mance differences in terms of the presence or
absence of declarative knowledge (as opposed to
procedural knowledge) specific to the solving of
each task (cf., Anderson, 1995; Korthagen and
Lagerwerf, 1995). Science instructors assume that
their students’ prior declarative knowledge plays a
crucial role in their ability to acquire new con-
cepts. This view regarding the importance of prior
declarative knowledge has been largely believed in
terms of Ausubel's theory of meaningful learning
(Ausubel et al., 1978; Novak and Musonda, 1991).
In other words, according to this domain-specific
hypothesis, if students have
acquired the necessary declarative knowledge, they

prior  knowledge

will successfully generate alternative hypotheses.
Lacking that knowledge, however, they will fail. The
acquisition of declarative knowledge is not only a
necessary condition for hypothesis-generating, it is
also sufficient. In this view, it means that our stu-
dents should have only specific declarative knowl-

edge about the period of pendulum motion for
solving successfully a pendulum task.

Traditionally, two types of reasoning, induction
and deduction, have been recognized in the logic of
science. By means of induction one ascertains how
often in the ordinary course of experience one phe-
nomenon will be accompanied by another. No defi-
nite probability attaches to the inductive conclusion.
By means of deduction one predicts the special
results of the general course of things, and calcu-
late how often they will occur in the long run. A
definite probability always attaches to the deductive
conclusion because the mode of inference is neces-
sary. According to Hempel (1966), and Popper
(1968), science proceeds by free formulation of a
hypothesis from which empirical tests can be
deduced or induced. However, a long line of discus-
sions have shown that another type of scientific rea-
soning, called retroduction or abduction, in addition
to induction and deduction has existed in scientific
endeavor (Burk, 1946; Giere, 1997; Klahr, 2000;
Kwon et al., 2000; Lawson, 1995; Peirce, 1903).
For example, a well-known American philosopher
Charles S. Peirce recognized a distinctive type of
scientific reasoning (called abduction in his terminol-
ogy) in addition to the traditionally recognized
induction and deduction, which is a necessary condi-
tion for successful performance of scientific task
(Fisher, 2001).

Presumably, hypothesis-generation involves a rea-
soning procedure with exploring, combining, com-
paring, and selecting possible alternatives (Kwon et
al., 2000): First, the process of hypothesis-generat-
ing starts with identifying qualitative constructs of
the current causal question and the previously ‘expe-
rienced world” which may have a strong qualitative
likeness with the current ‘question world’. Second,
the scientific reasoner explores and combines sev-
eral ‘explanations’ of the previously experienced
world. Third, the reasoner compares the combined
several explanations and selects the most possible
one based on the qualitative likeness between the
current question world and the previously experi-
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Fig. 1. The model of hypothesis-generating process.

ence world. Finally, the reasoner uses the selected
explanation as the ‘hypothesis’ for the current ques-
tion world. This process of hypothesis-generating is
shown diagrammatically in Fig. 1.

A recent study has argued that in addition to the
stored prior knowledge, the skills to represent the
prior knowledge from his/her cognitive structure are
presumably pivotal factors in hypothesis-generation
(Jeong and Kwon, 2001). Therefore, the primary
purpose of the present study in to test the notion
that student’s abductive reasoning skills exist in
addition to prior knowledge as defined above. Fur-
thermore, we test the hypothesis that one’s abduc-
tive reasoning skills is required for her/his successful
generation of hypotheses in pendulum motion tasks.

The Present Study

Pendulum motion has played a significant role not
only in educational and psychological research but
also in teaching children logical thinking since Jean
Piaget’s great works. Piaget and Inhelder, in their
The Growth of Logical Thinking from Childhood to
Adolescence (Inhelder and Piaget, 1938), describe
the pendulum motion tasks that Piaget and Inhelder
gave to children to ascertain the extent to which
they could isolate and manipulate potential vari-
ables (length, amplitude, weight) that affected the
period of pendulum motion. Performing the task of
isolating and controlling the variables was consid-
ered as a window into child's logical ability and
their developmental process. These tasks became
common in the testing of logical thinking (Mat-

Table 1. The predicted results of children's hypothesis gen-
eration by prior knowledge groups in the prior-knowledge
hypothesis

Prior-Knowledge Group
Angle Length

Hypothesis
Weight

Angle
Length
Weight

thews, 2000).

The present study adapted the pendulum task as
an experimental tool to investigate children’s hypoth-
esis-generating ability. The purpose of the present
study is to test the hypothesis that children’s abduc-
tive reasoning skills play an important role in the
generation of scientific hypotheses on a pendulum
task. To test the hypothesis, a hypothesis-generating
test using a swing as a pendulum motion task and
a prior-knowledge test about the period of simple
pendulum motion were administered to children at
Sth grade.

By the types of their prior knowledge, children
are divided into three groups, namely, angle, length,
and weight prior-knowledge. According to the prior
knowledge hypothesis, if children have the prior
knowledge about potential variables that affect the
period of pendulum motion, they all should gener-
ate hypotheses on the swing task, which are related
to the variable that they already have believed to
affect the pendulum motion. The predicted result
patterns of the prior knowledge hypothesis are
shown as Table 1 and prediction 1 of Fig. 2.

An altemative explanation is related to abductive
reasoning skills. In this view, children’s successful
performance on the swing task is affected by their
abductive reasoning skills, rather than just their prior
knowledge about potential variables which affect
pendulum motion. Therefore, the predictions of this
alternative is that children's hypotheses on the swing
task are not related only to their prior knowledge of
potential variables, such as angle, length, and
weight. Rather, their hypotheses on the swing tasks
will be randomly distributed to one of three hypoth-
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Fig. 2. The predicted results of altematives of the prior knowledge, the abductive reasoning, and the combined.

eses regardless of prior knowledge of the pendulum
motion. This prediction is shown in prediction 2 of
Fig. 2.

The knowledge-abduction hypothesis is a combina-
tion of the above two hypotheses. The knowledge-
abduction hypothesis leads to the prediction that
children will generate all three type of hypotheses.
However, the number of such responses will be dif-
ferent according to the type of prior knowledge.
The number of the subjects who will respond to the
hypothesis related to the potential variables to affect
the pendulum motion is more than the number of
other subject who will respond to other hypothesis.
The predicted results of this hypothesis is shown in
prediction 3 of Fig, 2.

Methods

Subjects and Procedures

A sample of 290 five graders (164 female, 126
male) was selected from four elementary schools in
a Korean metropolitan area. The subjects were 9.9-
12.1 years of age (mean age=11.1 years, SD=
0.4). Two types of tests, a hypothesis-generating and
a prior-knowledge test, were designed to investigate
the subjects’ hypotheses and prior-knowledge about
pendulum motion. The hypothesis-generating  test
was administered to identify the children’s hypothe-
ses and to analyze the content categories of their
hypotheses on a swing task. The prior-knowledge
test was administered to reveal the children’s prior-
knowledge and to evaluate their prior-knowledge
about the period of a simple pendulum motion. Fur-

thermore, 124 children, who generated hypotheses
with the internal factors of the simple pendulum and
responded logically to the items 1 and 2 of the
prior-knowledge test, were sampled again from the
290 subjects for the analysis of the hypothesis types
by the prior knowledge group.

Instruments

The hypothesis-generating test: The hypothesis-
generating test was designed to test hypothesis gen-
eration in a swing situation which phenomenon pre-
sumable relates to the simple pendulum motion.
There were two swings moving at different speeds
in the test. Children were asked to think and record
what cause make a difference in the speed of the
swings. The contents of the test are as follows:

While Mary and Joe got on each swing, they
detected that Joe’s swing is faster than Mary’s. So
they decided to measure the speed of two swings.
They didn’t take any actions such as stamping
their feet during the measuring. The measuring
results are shown in following a Table.

The periods of Mary's swing and Joe's swing

Swing Period (Time for 10 swings)
Mary’s 32
Joe’s 25

Why did Joe’s swing go back-and-forth faster
than Mary's? What caused the difference in the
periods between Joe's swinging and the Mary’s
swinging?
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The prior-knowledge test: The prior knowledge
test is a multiple-choice test to investigate chil-
dren’s prior knowledge about pendulum motion. In
the test, subjects were asked to respond to one of
three variables which affect the period of the pendu-
lum motion. The three variables are angle, length,
and weight of a bob. Yang (2000) investigated chil-
dren’s prior knowledge about variables which deter-
mine the period of pendulum. The study showed
that 33.1% of the fifth-graders responded to the
angle (height) as the variable affecting the pendu-
lum’s period, while 26.0% and 7.4% of the fifth-
graders responded to weight of a bob and length of
Further, the others
responded with a combination of these three vari-
ables. These result indicates that children’s hypothe-
ses on a pendulum task relate to the internal factors

suspension,  respectively.

of the pendulum motion, such as angle, length, and
weight. Therefore, this study used the three vari-
able, angle, length, and weight as the factors affect-
ing pendulum motion. The prior knowledge test is
as follows:

Following picture shows an experimental setting
of a simple pendulum.

Length ™. e

\
)¢

e

1. In this experiment, the bob swings repetitively
back-and-forth along the line from A through B to
C and back again A. What factor increases or
decreases the time of each swing?

a. angle b. length c. weight of bob d. I don't
know

2. How can you make the pendulum move more
quickly?

a. by decreasing the angle

b. by increasing the angle

c. by decreasing the length of the string
d. by increasing the length of the string
e. by decreasing the weight of the bob
f. by increasing the weight of the bob
g. I don't know

Results and Discussions

Children’s Hypotheses

Children’s hypotheses generated in the hypothesis-
generating test are reported in Table 2.

As shown in Table 2, the categories of children’s
hypotheses were classified into three types. The first
type (1-11 in Table 2) involves internal factors of a
simple pendulum. In this type, 1-3 hypotheses are
related to the angle of a pendulum, 4-6 are related
to the length of a pendulum, and 7-11 are related
to the weight of a bob. The second type (12-22)
involves external factors, such as skill, exercise, and
wind. Hypotheses 23-25 are classified as a non-sci-
entific-hypotheses. The 23rd is just the repetition of
the question while the 24th and 25th far from a an
answer to the hypothesis-generating question.

Children’s Prior Knowledge

The responses to children’s prior-knowledge ques-
tions are summarized in Table 3.

As shown in Table 3, 203 subjects among 290
responded consistently across the items 1 and 2,
which is presumably logical response to the prior-
knowledge test. However, 75 subjects responded
inconsistently across the items 1 and 2. For exam-
ple, 17 subjects responded that the weight of the
bob determined the period of the pendulum motion
to item 1. However, they responded that decreasing
the angle reduced the period of the pendulum
motion to item 2. Furthermore, 12
responded to that they didn’t know. These inconsis-

subjects

tent responses presumably indicate their deficiency
of the knowledge about the pendulum motion.
In addition, 203 subjects who responded consis-



Chiren’s Generating Hypotheses on the Pendium Motion: Roles of Abductive Reasoning and Prior Knowledge 520

Table 2. Children’s hypotheses to the hypothesis-generating test

Content categories Frequency
Internal factors 168
1. Joe's swing went up lower than Mary's. 18
2. The distance of back-and-forth motion of Joe's swing was shorter than Mary's. 8
3. Joe's swing went up higher than Mary's. 10
4. The ropes of the swings were different in length. 4
5. The length of the ropes of Joe's swing was shorter than Mary's. 18
6. The length of the ropes of Joe's swing was longer than Mary's. 8
7. Mary's weight and Joe's weight were not same, 6
8. Joe's weight was lighter than Mary's. 51
9. The weight of Joe's swing was lighter than Mary's. 6
10. Joe's weight was heavier than Mary’s. 37
11. The weight of Joe's swing was heavier than Mary's. 2
External factors 90
12. Joe was able to get on a swing with specific skill. 17
13. Joe begun to get on a swing earlier than Mary did 15
14. Joe swung better than Mary did 12
15. Joe was stronger than Mary 10
16. Joe's swing was new. 9
17. Wind stud against the movement of Mary's swing 7
18. There was something wrong with Mary's swing 6
19. Joe took exercise better than Mary did 4
20. Joe had a fine physique. 4
21. Joe's swing was older than Mary's. 3
22. Joe's swing had little frictional resistance. 3
The others 32
23. Joe's swing was faster than Mary's. 15
24. Joe measured exactly the swing time. 3
25. The speed of the swings of are same. 2
26. I don't know. 12
Total 290
Table 3. Summary of responses to prior-knowledge questions
Item 1
Item 2
Angle Length Weight I don't know
Decreasing Angle : 46 4 17
Increasing Angle | s 1
Decreasing Length 13 42 4
Increasing Length 1 8
Decreasing Weight 7 3
Increasing Weight 4 2
I don't know 1 5
Total 86 60 135 9

tently to items 1 and 2 of the prior-knowledge test
were divided into three groups, such as group A
(angle), group L (length), and group W (weight), by
the response to the item 1. Furthermore, each group
was divided into two subgroups by the response to
the item 2. First, the group A (N=61) believed that

the angle of the swing determines the period of the
pendulum motion. In this group, subgroup DA
(N=46) believed that the decreasing of the angle
decreases the period of the pendulum motion. On
the contrary, subgroup IA (N=15) thought that the
increasing of the altitude decreases the period of the
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pendulum motion. Second, the group L (N=350)
believed that the length of the string determines the
swing speed. In this group, subgroup DL (N =42)
claimed that the decreasing of the length of the
string decreases the period of the pendulum motion.
On the contrary, subgroup IL (N=8) believed that
the increasing of the length of the string decreases
the period of the pendulum motion. Third, the
group W (N=92) claimed that the weight of the
bob determines the swing speed of the pendulum.
In this group, subgroup DW (N=354) thought that
the decreasing of the weight of the bob decreases
the period of the pendulum motion. On the con-
trary, subgroup IW (N=38) believed that the increas-
ing of the weight of the bob decreases the period
of the pendulum motion.

Andlysis of Hypothesis Type by Prior Knowledge

A sample of 124 children, who generated hypoth-
eses with the internal factors of the simple pendu-
lum and responded logically to the items 1 and 2
of the prior-knowledge test, was selected from the
290 subjects for the analysis. And their hypotheses
were analyzed by the type of prior-knowledge.

As shown in Table 2, the children’s hypotheses
were classified into one of three types. Among the
three types of hypotheses, the hypotheses of the first
type involved internal factors of a pendulum, such
as, angle, length, and weight. However, the second
type involved external factors of the swings rather
than internal factors of the pendulum. And the third
type is not appropriate hypothesis for this task.
Therefore, this study analyzed the hypotheses of the
first type by prior-knowledge groups, that is angle,
length, and weight of prior-knowledge groups, to
test the roles of subjects' prior knowledge, abduc-
tive-reasoning and knowledge-abduction.

Table 4 shows frequencies of internal factor
hypotheses generated by each prior-knowledge group.
As shown, the percentages for the angle, length, and
weight hypothesis were 35.3, 17.6, and 47.1% in
the angle prior-knowledge group. In the length prior-
knowledge group, the percentage of the angle,

Table 4. The frequency of internal factor hypothesis by
prior-knowledge group

Prior-Knowledge Group
Angle Length Weight
i 11 (17.7)

Hypothesis

Angle

Length
Weight 16 (47.1)

Total 34 (100)

T
&
&

Result

O Angle Hypothesis @ Length Hypothesis B Weight Hypothesis

Response
&

Angle P-K Group Length P-K Group Weight P-K Group

The Group of Prior~Knowledge

Fig. 3. Percentage of hypotheses by prior-knowledge groups.

length, and weight hypotheses were 21.4, 50.0, and
28.6%, respectively. In addition, the percentage of
the angle, length, and weight hypotheses were 17.7,
8.1, and 74.2%, respectively for the weight prior-
knowledge group. A bar chart showing the percent-
age has be plotted as Fig. 3.

Fig. 3 shows that the percentages of angle and
weight hypotheses are higher than the percentage of
length hypotheses in the angle prior-knowledge
group. In the case of length prior-knowledge group,
the percentage of length hypothesis is higher than
any other. Also, in weight prior-knowledge group,
the percentage of weight hypothesis highest. These
results can be compared with the predicted results
shown in Fig 2. According to the prior-knowledge
alternative, children who have acquired the neces-
sary declarative knowledge should successfully gen-
erate  hypotheses related to their declarative
knowledge. However, Fig. 3 reveals that many chil-
dren did not employ their prior-knowledge of the
pendulum motion to generate hypothesis for the
swing task. Thus, these results do not conform to

the expectations of the prior-knowledge alternative.
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Fig. 3 results also do not match to prediction 2 of
Fig. 2 that abductive reasoning alone is required for
hypothesis generation.

However the combined prediction (3) in Fig. 2
fits more closely to the results of Fig. 3. Although
the bar of angle hypothesis of the angle prior-
knowledge group is not the highest percentage, the
bars of length hypothesis of the length prior-knowl-
edge and the weight hypothesis of the weight prior-
knowledge groups are the highest percentage. In
addition, the bar of angle hypothesis of the angle
prior-knowledge group is shown higher than the bar
of length hypothesis and close to the highest bar.
Therefore, the results of the Fig. 3 provide a posi-
tive evidence to support the combined knowledge-
abduction explanation in children’s hypothesis-gener-
ating.

Cognitive psychologists also believe that the pro-
cess of knowledge generation is the result of an
interaction between declarative knowledge and proce-
dural knowledge (Gagne et al., 1993; Solso, 2001,
Anderson, 1995). For example, a scientist might
generate a hypothesis that is a proposition intended
as a possible explanation for an observed phenome-
non. The input information (“Why do male Daw-
son's bees to exist in two distinctly different size
groups? I need to generate a hypothesis for the phe-
nomenon.”) would be transformed to produce an out
put (the hypothesis: minor males are the incidental
byproduct of external environmental factors) that
looks quite different from the input. The previous
example shows that procedural knowledge is used to
operate to generate hypotheses, and knowledge (such
as hypothesis) generation is the result of interaction
between declarative knowledge for prior knowledge
and procedural knowledge for abductive reasoning.

Conclusions and Educational
Implications

The present results provide support for the
hypothesis that student’s abductive reasoning skills
beyond typical sorts of prior or declarative knowl-

edge exist and might be required for generating sci-
entific hypotheses in pendulum motion tasks. This
study shows that these skills have been used by stu-
dents to generate hypotheses for the pendulum
motion tasks. The evidence suggests that the pres-
ence of prior knowledge of pendulum motion alone
is not sufficient to produce hypotheses. Hypothesis
generating demands some representing skills, we call
abductive reasoning skills, beyond possessing prior
knowledge. This is not to say that prior knowledge
is unimportant in generating hypotheses. Prior
knowledge have been used as resources for generat-
ing hypothesis. Therefore, results of this study may
tell us that knowledge-generation in science is com-
pleted by compensatory interaction between prior
knowledge and scientific reasoning, such as abduc-
tive reasoning of this study, in cognitive structure.

Results of this study also showed that 14 of 28
subjects who believed that length affected the period
of pendulum motion did not generate the length
hypothesis. This result supports the notion that
hypothesis-generating requires the reasoning skills to
explore, select, and represent possible alternatives in
explanations of the previously experienced situation,
Clearly, this is an example of what we call abduc-
tive reasoning skills. Interestingly, the conclusion
that a new cause to produce hypothesis-generating in
pendulum motion task exists seems to have been
foretold by Charles S. Peirce (Peirce Edition Project,
1998). Although Peirce's notion of retroductive rea-
soning was not widely recognized by science philos-
ophers and educators, several studies have found
that his notion of retroductive or abductive reason-
ing beyond inductive and deductive reasoning exists
in scientific reasoning.

Student’s abductive reasoning skills beyond prior
or declarative knowledge exist and be required for
génerating scientific hypotheses. Therefore, school
science teachers should concern with not only intro-
ducing declarative knowledge but also developing
students' abductive reasoning ability in their class-
room. To do this, a careful analysis and selection of
various scientific issues and the development of
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those selected issues as educational materials should
become matter of concern in science teaching, As
Inhelder and Piaget (1958) developed its extensive
usefulness for testing children's thinking process, the
pendulum motion can be used as one of excellent
educational materials for teaching and developing
students hypothesis-generation skills as well improv-
ing their declarative knowledge related with the pen-
dulum motion.
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