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Abstract: Inductive reasoning is an important domain-general skill for learning science and
math, etc. Unfortunately, previous studies have pointed out that students still have many
weaknesses, when they do the tasks of inductive reasoning. A web-based environment is
designed to train their skills of inductive reasoning. The pedagogy of self-directed
experimentation is adopted in the learning environment, in which learners are asked to
express one variable as a function of another variable. Two input interfaces are used for the
users to input expressions. The control group uses a traditional tool of expressing a
dependent variable as a function of an independent variable. The experimental group uses a
tool that can generate a new term by addition, subtraction or multiplication of two existing
terms of expressions. Some interesting results are reported.
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1. Introduction

The ability of doing tasks similar to those of scientific invention is important to learners in
all ages and is noted in almost every education project. But how to teach these skills to
learners still remains a mysterious problem. In traditional science laboratory, learners in
high schools or university are asked to follow the steps in lab manuals. They are expected to
generate data that are predicted by theory. When learners get unexpected data in an
experiment, they might change the data just to fit the theoretical prediction.

To take a different approach, we propose, following Bruner [1][2], that the students can
learn by active discovery. In addition to learning domain knowledge, students should also
learn to explore and generate hypotheses. With curiosity and excitement, students should
learn to discover patterns in data, resulting in their active construction of knowledge.
Hopefully, the knowledge will be engraved in their mind so deeply that they can readily
transfer the acquired knowledge to other domains upon situations that call for the
application of such knowledge. In this way, they became more confident in their own
ability. This way of learning could be better than mechanical rote learning and repeated
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drill, which often result in the loss of interest in learning and in the failure of applying the
memorized rules to solve real-world problems.

In a study to investigate the process of inductive reasoning [3] in function-finding tasks,
Haverty et al. [4] proposed several stages of inductive reasoning activity: data gathering,
pattern finding, and hypothesis generation. Data gathering is defined to include both data
collection activities and the organization and representation. Pattern finding includes
activities of investigation and analysis of the data collected. Hypothesis generation
encompasses the activities of constructing, proposing, and testing hypotheses.

Haverty et al. [4] found that when the subjects were asked to find a mathematical formula to
relate two terms x and y (whose data are given), there are three common strategies in
generating successful hypotheses. The first one is local hypothesis strategy. In local
hypothesis strategy, subjects formed a local hypothesis from a single instance of data to test
whether the local hypothesis holds for other instances. Before finding a hypothesis that
works on all instances, they may have to generate many local hypotheses. Nevertheless, this
strategy is useful in finding the elements of the global, target law.

Another strategy that the subjects employed successfully to solve the problems was called
the pursuit strategy. In this strategy, subjects detect a pattern in a quantity g, and then use q
as a subgoal to understanding y. The subjects then tried to express q in terms of x, and
composed expression into a global formula. The third strategy is recursion. This only
worked when the subjects had rich theoretical insights to the idea of recursion.

A computer-assisted learning environment called InduLab is designed to help students
improve their skills of inductive inferencing that are often used in inquiry-based learning
[5]. In inquiry-based learning, three stages of inductive reasoning can be identified: (1) data
gathering; (2) hypothesis generation; (3) hypothesis evaluation [6]. Some tools to help
students in these stages are provided in the environment. In this study, the task of inquiry in
simplified by providing all collected data of two given variables. Subjects are asked to
generate hypotheses that express a variable as functions of another variable.

We want to examine the effects of two methods of entering an expression on the strategies
of hypothesis generation in our computer-assisted learning environment. One input
interface is to input a formula involving only one variable like a traditional calculator.
Another input interface is to generate a new term by addition, subtraction or multiplication
between two terms. Once a new term is entered, it can be reused in the next round of
inputting a new term. This idea is motivated by Haverty’s findings on the pursuit strategy. A
major difference between Haverty’s study and this study is that Haverty’s subjects did not
use any computer tools.

2. Experiment Design

A pilot experiment was designed to evaluate InduLab’s scaffolding of two different input
methods of expression. Six university students were asked to use InduLab for a
function-finding task. They were divided into two groups, the control group and the
treatment group [7][8].

The subjects of both groups read a figure that showed how the two terms of variables,
namely n and m, were obtained. n was the serial number of the data set of m counting from
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1 to 5. m was the number of balls in the n™ pattern. The data were (1,1), (2,5), (3,13), (4,25)
and (5,41).

Figure 1 is the interface of inputting a function of n for the control group, similar to that of a
calculator. The subjects can enter digits, variable n, and operators of addition, subtraction,
and multiplication to input a formula. In the figure, the subject enters n*n+(n-1)*(n-1).
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Figure 1: Interface of entering formulae for the control group

Figure 2 is the interface of entering experssion for the treatment group. Subjects are required

to use two operands and one operator to generate a new hypothesis. Operands can be a

number and any exisiting term, and the operators are +, -, *. For example, they can input n-1

or n*n as new terms. Before they can enter (n-1)?, they have to generate the term n-1 first.

Then the operand menu will show the term n-1. So one possible sequence of generating

terms in order to produce the formula 2n?-2n+1 is: n-1, n*n, (n-1)*(n-1), n*+(n>2n+1).
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Figure 2: The interface of entering formulae for the treatment group

After the user enters a new hypothesis of expression, the system will generate the values of
the expression for all the data (Table 1). Also, the algebraic expression will be expanded
automatically by the system. For example, when a subject inputs (n-1)*(n-1), the expanded
expression is n®-2n+1. All expressions will be shown on a table. Since space is limited, the
table only shows a limited no. of columns. But the user can choose which columns to show
with a tool in the interface.
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Table 1. Each column is an expression input by user and its function values from 1 to 5
gas(n) #E(m) n2 n-1 n2-2n+1 2n2-2n+1

1 1 1 0 0 1
2 5 4 1 1 5
3 13 9 2 4 13
4 25 16 3 9 25
5 41 25 4 16 41

For the treatment group, subject can choose m as an operand when forming a new term. For
example, they can input m-n” as shown in Table 2. Then the data of m-n® (0, 1, 4, 9, 16) are
clearly square numbers. This data sequence can also be obtained by the new term n?-2n+1.
Then the subject should be able to infer that m-n? = n>-2n+1, meaning that m = 2n%-2n+1,
which is the target formula.

Table 2. Two columns of identical values indicates the discovery of a target function
&as(n) gE#(m) n-1 n2 m-n2 nz-2n+1

1 1 0 1 0 0
2 5 1 4 1 1
3 13 2 |9 4 4
4 25 3 16 9 9
5 41 4 25 16 16

3. Results from Experiment

In an experiment, the subjects in the control group and the treatment groups were asked to
do the above function-finding task. The target formula was 2n®-2n+1. After the subjects in
both groups finished their tasks, the data of their hypotheses were analyzed. The results are
summarized in this section.

The three subjects in the control group started from simple functions of n to those of n? with
larger coefficients gradually. At the end, they produced 42, 23 and 24 hypotheses. Only the
third subject found the target formula. In the experimental group, all three subjects seemed
to be using the local hypothesis strategy from time to time. They produced 7, 12, and 30
hypotheses. All three found the target formula. The first subject used the recursion strategy
and found the target formulae with only seven hypotheses.

The most striking result of this experiment was that no one in the treatment group used the
dependent variable m to form a hypothetical expression. This was different from Haverty’s
findings, where many subjects used m in their hypotheses.

4. Conclusion and Discussion

This study provided an E-learning environment to train students’ skills of inductive
reasoning for a task of function finding. We want to examine the effects of two different
input methods of expressions on the subjects’ strategies of hypothesis generation. The
subjects in the control group used a traditional calculator interface to input a function of one
single variable. The subjects in the treatment group used an interface that generates a new
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term by addition, subtraction, or multiplication between two existing terms. When the new
term was generated, it can be used in the next round of term generation.

One finding of this pilot study was that the subjects in the treatement group tended to use the
local hypothesis strategy from time to time. In the control group, subjects tended to
enumerate formula with increasing complexity indicated by increasing degree and larger
coefficients systematically. While systematic enumeration did not require many resources
and was easy to do, this strategy provided few insights to finding the target formula.
Moreover, if the problem involves a term of higher degree and thus becomes more complex,
the search space gets much bigger and systematic enumeration might take too long to be an
effective strategy. Future study needs to guide the subjects to avoid this shallow-thinking
strategy.

A surprising result was that no subjects input any formula involving the dependent variable
m when generating hypotheses. In future studies, more guidance should be provided for the
subjects to try to involve m in the new term to be generated. This might lead to the use of the
pursuit strategy, or to shorten the list of generated hypotheses and make the target finding
process more efficient.

It seemed that the formula-input interface for the treatment group might be more effective in
finding the target formula. Perhaps it made better use of old hypotheses by requiring that an
earlier hypothesis must be used. The input interface for the control group did not force the
subject to consider an earlier hypothesis. While this is an encouraging result, this deserves
more investigation before any definitive conclusion can be drawn.
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