CHAPTER- 4
DEVELOPMENT AND VALDATION OF TOOLS

INSTEAD OF CONVINCING KIDS LOVE THE MATHS THEY HATE,
SUPPORT THE MATHS THEY WOULD LOVE TO LEARN.

In pursuance with the main objectives of the study i.e. to compare the
effectiveness of CAl and Conventional Method in attaining and retaining
Mathematical Concepts , subsidiary objectives that emerged were to develop tools
for Computer Assisted Instruction(CAl) and Conventional Method (CM). This
chapter, consequently, deals with development of measuring tools, development of
Computer Assisted Instructional Material (CAIM), Validation of developed tools and

planning of Lessons for CM as given below:

4.1 DEVELOPMENT OF MEASURING TOOLS

In this study, researcher herself developed two types of measuring tools to
measure the performance of under graduates at Entry Level, Attainment Level and
Retention Level. These Measuring Tools were Attainment Tests and Retention
Tests. Procedure of development of Attainment Tests and Retention Tests are as
follows:-

4.1.1 DEVELOPMENT OF ATTAINMENT TESTS

In this experimental study, Attainment Tests in the form of Criterion
Referenced Tests (CRTs) were developed to measure the attainment of specified
Mathematical Concepts at undergraduate level. A Criterion Referenced Test (CRT)
is a test that provides a basis for determining a Learners’ level of knowledge and
skills in relation to a well-defined domain of content. In this, questions are written
according to specific predetermined criteria. It is an instrument that finds out in

specific terms whether the learmer has attained learning goals. It is not concemed
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with easy or hard questions; it has nothing to do with grading students. It provides a
basis for judging the effectiveness of the programme (Pandey, 1980). Different

researchers have defined the CRTs in different ways which are given as follows:-

According to Popham and Husck (1969), “Criterion referenced tests which are
used to ascertain an individual's status with respect to some criterion, i.e.
performance, standard. It is because the individual is compared with some
established criterion, rather than other individuals, that these tests are described as
criterion-referenced tests. The meaning of an individual score is not dependent on
comparison with other tests. We want to know what the individual can do, not how
much he stands in comparison to others.”

According to Glaser and Nitko(1971), “A criterion-referenced test is one that is
deliberately constructed to yield measurements that are directly interpretable in
terms of special performance standards.”

In this study, Attainment tests were defined as the tests used to discover the
extent to which the undergraduates have learnt content instructed through CAI
(Computer Assisted Instruction) or CM (Conventional Method). Attainment Tests
required for this study were developed by the researcher. Keeping in view the
objectives of the study, the following steps of construction of CRTs were followed for
the development of Attainment tests. These were as follows:-

4.1.1.1 DENTIFICATION OF SUBJECT AREA

The first step in the development of Attainment Test was to take the decision
about the subject matter area to be worked out. In this study, the curriculum in
Mathematics, prescribed by the Department of Mathematics and Statistics,
Banasthali Vidyapith, Rajasthan, India at undergraduate level (B.A. / B.Sc.) was
considered for the selection of subject area. In particularly, Algebra, Calculus and
Numerical Analysis were three selected areas on which Measuring Tools were
developed.
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4.1.1.2 SELECTION OF UNITS

After the decision taken about the area, the next step was to select the units
on which the test was to be developed. Three units: Matrix Algebra in Algebra, Limit
and Continuity in Calculus & Numerical Methods for the solution of algebraic and
transcendental equations in Numerical Analysis were selected on the basis of the

objectives to be achieved by the researcher.

4.1.1.3 DESCRIPTION OF UNIT OF TESTING

Each unit consisted of different contents. So it was further developed into
well-defined separate sessions which were very important as it provided the basis
for item writing. In this study, each unit was further divided into sessions in terms of
facts, concepts, principles etc. Twelve selected sessions were Introduction to
Matrices; Types of Matrices; Basic Operations on Matrices; Elementary Matrix
Operations, Echelon form of a Matrix in Matrix Algebra, Formal definition of the limit
of a function; Continuous functions and classification of discontinuities in Limit and
Continuity; Introduction to errors in Numerical Computations: Bisection Method;
Regula Falsi Method; Newton Raphson Method; Order of Convergence for Iterative
Methods in solving algebraic & transcendental equations in Numerical Methods for
the solutions of algebraic & transcendental equations. It was arranged in order

of their increasing complexity. It was done for witting items in Attainment Tests.

4.1.1.4 SPECIFICATION OF OBJECTIVES

After description of units, the next task was to formulate the instructional
objectives on the expected learning outcomes. The objectives were categorized in
terms of Knowledge, understanding, application, skills so precisely that the
performance of undergraduates was clearly interpretable in terms of required

learning outcomes.
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4.1.1.5 SELECTION OF FORMAT FOR THE TEST

In this step, the researcher developed three Attainment Tests i.e. MAT (Matrix
Algebra Test), CAT (Calculus Attainment Test) & NAT (Numerical Analysis Test) in
the form of Criterion Referenced Test (CRTs) along with their scoring keys after. The
items in these tests were of various types such as multiple choice answer type,
completion and short answer type. In the end, adding all the items in a single test,
MCT (Mathematical Concept Test) was ready as whole Test meant for all selected
Mathematical Concepts. The maximum scores for all twelve sessions were 253 with
230 test items. Test items in MCT were calculated stepwise. Attainment Tests in the
form of CRTs along with their scoring keys are given in Appendices (A1 to A3).
Internal review of the developed format of Attainment Tests was done by researcher
herself whereas external review was done by the supervisor, educational technology
expert and faculty of the Banasthali Vidyapith of the area concerned.

Reliability and validity of the Attainment Tests are described in Validation
process of developed tools (Table 4.1 to 4.10). After writing the preliminary draft of
Attainment Tests, Retention Tests and CAIl material were developed.

4.1.2 RETENTION TESTS

Retention tests measure the capacity to recall after a certain interval of time.
In this study, these are concemed with the recalling ability of the undergraduates
about the instructional material after one week. Thus three Retention Tests i.e.
PMAT (Parallel Matrix Algebra Test), PCAT (Parallel Calculus Attainment Test) &
PNAT (Parallel Numerical Analysis Test)in terms of PCRTs(Parallel forms of
Criterion Referenced Tests) were prepared for Matrix Algebra in Algebra, Limit &
Continuity in Calculus and Numerical Methods for the solutions of algebraic and
transcendental equations in Numerical Analysis. These tests were developed to
measure the retention of Mathematical Concepts. The development process of
PMAT, PCAT & PNAT was on the same line as followed in Attainment Tests. The

items in these Retention Tests were also in parallel to Attainment Tests in the form

50



of CRTs. These were of various types such as multiple choice answer type,
completion and short answer type. Each type was divided in fixed number of steps
(responses). In the end, adding all the items in a single test, PMCT (Parallel
Mathematical Concept Test) was ready as parallel form of whole test meant for all
selected Mathematical Concepts. First of all, this draft was reviewed by the
researcher herself being faculty in Mathematics whereas external review was done
by the supervisor, educational technology expert and faculty of the Banasthali
Vidyapith of the area concerned. After writing the primary draft of Retention Tests

and CAIl material were developed.

Validation processes for these tools in terms of reliability and validity took
place in Field try-out (Validation Testing). Retention Tests in the parallel forms of

CRTs along with their scoring keys are given in Appendices (R1 to R3).

4.2 DEVELOPMENT OF CAI MATERIAL

Computer Assisted Instruction is one of the methods for providing
individualized and self - learning instructional material to the learners. In this study,
CAl Material was termed as Computer Assisted Instructional Material (CAIM). CAIM
was prepared in more elaborate form for effective understanding of Mathematical
Concepts at undergraduate level. It was developed in Microsoft Office Power Point
2007 using hyperlinks and actions by following three phases: Preparatory Phase
(Preparation of the CAIM); Writing Phase (Writing of CAIM) and Evaluative Phase
(Try-outs and Evaluation of CAIM).

4.2.1 PREPARATORY PHASE

Preparatory phase deals with all the planning about the material which is to
be prepared for CAIM. In this study, a number of specific decisions about Selection
of Topic, Writing Assumptions about Learners, Task Analysis, Formulation of
Leamning Objectives, Construction of Criterion Referenced Tests(CRTs) were taken

up for the preparation of instructional material as described below:

51



4.2.1.1 SELECTION OF TOPIC

First of all, the topics to be programmed were selected from Algebra, Calculus
and Numerical Analysis in Mathematics. In this study, topics were selected in
parallel to Attainment Tests and Retention Tests. The selected topics of CAIM were
Introduction to Matrices; Types of Matrices; Basic Operations on Matrices;
Elementary Matrix Operations, Echelon form of a Matrix in Matrix Algebra, Formal
definition of the limit of a function; Continuous functions and classification of
discontinuities in Limit and Continuity & Introduction to errors in Numerical
Computations: Bisection Method; Regula Falsi Method; Newton Raphson Method;
Order of Convergence for Ilterative Methods in solving algebraic & transcendental
equations in Numerical Methods for the solutions of algebraic & transcendental
equations. These topics were selected as they have many applications in different
disciplines at undergraduate level. Also the software material on these topics could

be developed in a simple, logical and systematic manner.

4.2.1.2 WRITING ASSUMPTIONS ABOUT LEARNERS

The assumption about the students, for whom the CAIM was developed are

given below:
Level: Undergraduate (Students of B.A. / B.Sc.)
Average Age: 18 to 21 years
Medium: English
Area: Rural/Urban
Intelligence Level: Mixed.

4.2.1.3 TASK ANALYSIS

Task Analysis is the first step for material development. This term is used to
describe an analysis that is done on a task describing how it is proficient and all the

52



activities are involved. It is the process of breaking down a given activity into the
smallest actions. It enables faculty for effective communication with students in their
respective modes of instruction. It is a step-by-step instructional guide for the
attainment of a goal. Task Analysis is a useful learning tool. It also tells about the
way by which a specific task is to be performed. In this study, first of all, the Tasks

(selected sessions) were analyzed in following manner:

g Defining of Entry Level of Learners (Pre — Requisite Knowledge)

Entry level of learners gives information to the teacher about the present
knowledge of the student in reference to the future knowledge that the teacher
expects from the learner to attain. Thus, Entry Level of learner is that level of
learning where instruction begins. In fact, it is the beginning line from which the
terminal level is shaped. Researcher also has made an attempt to identify the entry
level learning for providing new knowledge to the undergraduates.

> Writing Terminal Objectives

Terminal objectives refer to the desired change in the learning levels of
learners. These objectives are written about bringing the change in learners’
knowledge, thinking, feeling and working. These objectives represent the first step
as well as the last step of teaching-learning process. As a first step, it provides
direction for planning of curriculum and instruction while as a last step; it is used for
the validating the whole process of teaching learning in terms of predetermined
objectives. In this study, terminal objectives have been framed for all the specified
Mathematical Concepts.

> Analyzing the Task

Analyzing the task is concemed with the breaking down of the task into small
components. Not only this, it is also necessary to consider how these components
are related and organized. It is concerned with analysis as well as synthesis. Main

objectives of this step are to describe the task which the student has to learn, isolate
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the required learning level and identify the conditions under which the leaming levels
occur. In this study, it has been done for each session of Mathematical Concepts as

shown in Figure 4.1.

> Types of learning involved in the Task Analysis

While analyzing the task, it is also necessary to determine the types of
learnings involved in that particular task. That types of learning involved help in
presenting the content in a hierarchical manner. Different types of learning in Task
Analysis are Signal Learing, Chain Learning, Multiple Discrimination Learning,

Concept Learning and Principle as given below:

« Signal learning

In this learning, a signal involves a specific response to a specific stimulus. For
example, Question: What is a matrix? Answer. A matrix is an ordered array of
elements.

« Chaining

In chaining, each of the link or signals making up the chain must already have
been acquired by the students. This chain is helpful in developing the attainment of
the content presented in stimulus and response form. For example, recalling the
ordered arrangement of rows and columns with the help of example to define matrix
in Figure 4.1.

* Multiple Discrimination Learning

Discrimination Learning is often concerned with distinctive features of stimulus
objects. In this, each of the chains or signals making up a set to be discriminated
must already have been acquired by the students. It involves distinguishing one

category of phenomenon from another. For example, Matrix is not just a collection of

54



elements, but it is a collection of elements in which each array has a definite position
or an ordered array of elements in Figure 4.1.

« Concept Learning

Concept leaming means that learers learmnt the concept fully and their levels of
learning are not under the control of particular physical stimuli but under that of the
abstract properties of each stimulus. In Figure 4.1, When undergraduates while
learning mathematical concepts in Matrix Algebra, can explain elements of the

matrix, it is clear that they discriminate the arrangement of rows and columns.

¢ Principle

In leamning, principle is related with two or more concepts. Each of the concepts
making up the principle must already have been attained by the learners in the

study.

.

> Methodology used

In Task Analysis, it is also necessary to analyze the different modes of instruction
to be used by the researcher. During this experimental study, two modes of
instruction CAl and Conventional Method were used. CAIM was prepared for CAl
and lessons plans for Conventional Method. This was done for all the selected
sessions of Algebra, Calculus and Numerical Analysis in order to develop tools for
data collection.

In fact, Task Analysis assisted the researcher to determine the specific task,
which was to be instructed under each unit of Mathematical Concepts. In this
process and knowledge to be given was systematically organized before the
development and evaluation of material. Task Analysis for all specified Mathematical
Concepts was done for the development of tools as sample (Figure 4.1)
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Figure 4.1
Sample of Task Analysis

Session 1: Introduction to Matrices

Entry Terminal Analyzing the Task Types of
Level Objectives Learning
Students The students Wil | Matrix: A matrix is an ordered array Signal
are familiar | be able to: of elements.
with the Define matrix.
general
concept of
matrix.
v
Students Recall the ordered | For example: Importance of position Chain
are familiar | arrangement of and no of objects in the
with the rows and columns | arrangement of two objects for three
concept of | with the help of persons.
ordered example.
arrangeme
nt of rows
and
Columns.
Multiple
Revise the Matrix is not just a collection of | Discrimination
definition of matrix | elements, but it is a collection of
with help of elements in which each array has a
question. definite position or an ordered array

Describe the
elements of
matrix.

of elements.

Numbers that appear in the rows
and columns of a matrix are called
elements of the matrix.

Chain
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