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ABSTRACY

This thesis focuses upon the effect of some factors on pupils'/students’ responses in

some assessment methods mainly fixed response questions.

The major aim of the research is trying to find out these factors in order to improve

the assessment process.

The research was carried out over three years and the samples were selected from
secondary schools both in the Glasgow area and in the Central Region of Scotland

and the first year University of Glasgow students who were taking biclogy and

chemistry courses.

The results of the first investigation which was carried out Lo find out the effect of
changing the positions of the key answer and the most plausible distractor (strong
distractor) in the multiple choice questions (MCQs) showed that it can have a
significant effect in the facility value of the question. By placing the most plausible
distractor nexi to the key answer, students can make an effective discrimination
which leads more often to the correet answer, One factor, which may be the cause of
the difference in the facility value of the MCQs, has an “optical” origin. This factor
was examined at the school level. The results of this examination revealed that the
differences in the facility values of the MCQs disappears or is at least veduced when

suitably reated.

Because of the above differences in the facility values of MCQs, another fixed
response method is offered which is called Structural Communication Grids {SCGs).
However, this method was also investigated like the MCQs to find out if changing
the positions of the options within the grid affect the facility value of the question.
The results showed that this also brings, to some extent, a significant difference in

the facility value of the grid questions but not to the some extent as the multiple

choice questions.

In the same area {i.c. related to the grid questions), pupils’ ranking in two methods of
scoring the grid questions was examined. The results showed (hat there was no

significant difference between the two methods.

The research is not only locking at the effects of some editing factors on the facility

value of some fixed response questions but also to investigate the effects of some




psychological factors. The results showed that field - independent pupils
perform better than field - dependent pupils in the fixed response questions based on
the gri¢ and open response questions. On the other hand, it has been found that there
is no signilicant difference in performance between convergent and divergent pupils

in multiple choice questions (MCQs) and structural conmumunication grids (SCGs).

Another investigation was carried out to find out the relationship between pupils’
knowledge structures and multiple choice test structure. The results revealed that the
option in the question, which is closer o the concept on which the stem of the

question is based, is more likely to be selected than other options.

The final investigation was conducted to find out how pupils’ performances in the
word association test (WAT) is related to their achievement in the multiple choice
questions. The results showed that there is a positive correlation between pupils’
performances in WAT and their achievement in the multiple choice questions
(MCQs). The facility value of the MCQs of those pupils who are more able to
associate concepts in WAT is higher than the facility value of the MCQs for those
pupils who are less able to associate concepts in WAT. Furthermore, in most cases it
was found that the options, which have high response frequencies in WAT, as more

likely to be selected among other options in multiple choice questions.

i




ACKNOWLEDGEMENTS

Doing research in Science Education is not an easy task. It requives a lot ol work, co-
operation and help from different pcople and institutions. Consequently. this study
does not only belong to me but also to those without whose generous help and

support this research could not have succeeded.

At the beginning, I would like to express my appreciation and thanks to my
supervisor, Professor Alex H Johnstone at the Centre for Science Education -
University of Glasgow for his aelp, encouragement and advice which I reczived
during my research. His suggestions and comments were indispensable for the

completion of my study,

My special thanks go to Dr. Liz Leonard at the Teaching and Leaming Service —
University of Glasgow for her guidance, help and enthusiasm during my study. Her

help was essential, that allowing me to apply my test materials at the tertiary level.

I also wish to acknowledge Dr. Fakhir Al — Naeme who gave constant help and
guidance nol only about this study but for everything. My thanks alse to Dr. Norman
Reid for his friendship, suggestions and help during my research. I am also thankful
lo my colleagucs at the Centre for Science Education especially, Mr Ali Al - Shuaili

and Mr Ghassan Sirhan for their invaluable friendship and support.

I would like to express my sincere gratitude (o all the schools in which I worked and
to all the teachers and pupils at Stirling High School, Larbert High School, Wallace
High School, Balfron High Scheol, St. Columba’s High School and Cleveden High
School for participating and helping with the work on which my research relies, and
without which it would have been totally impossible to complete. Also my thanks go
to the students and the lecturers of the Institute of Biomedical and Life Sciences and
the Department of Chemistry — University of Glasgow for participating in my

research at the tertiary level.

My thanks also to the Sultan Qaboos University, Sultanate of Oman for the financial

support I received which allowed me to complele my study at Glasgow.

Finally, [ am greatly indebted to my wife Muna and my son Qusai in Glasgow and
my father, brothers and sisters back in Oman for the love, faith and patience they
have invested in my efforts and without whom I would surely never have succeeded

in performing my research.

iii




CONTENTS

Abstract

Acknowledgements

Contents

Chapter One (Introduction)

1.1 Introduction

1.2 The Problems of Assessment

Chapter Two (Literature Review (1))

2.1 Introduction

2.2 Assessment Methods

2.2.1 Fixcd Response Questions

2.2.1.1 Multiple Choice Questions (MCQs

2.2.1.2 True/False and Linked True/Falsc

2.2.1.3 Matching Questions

2.2.1.4 Venn Diagrams Method

2.2.1.5 Structural Communications Grids (SCGs)

2.2.2 Open Responsc Questions

2.2.2.1 Introduction

2.2.2.2 Advantages of Open Response Question

2.2.2.3 Disadvanlages o Open Response Questions

2.3 Computer Based Assessment

2.3.1 Introduction

2.3.2 Advantages of Computer Based Assessment

2.3.3 Limitations of Computer Based Assessment

2.3.4 Examples of Computer Based Assessment Software Packages
2.3.4.1 Question Mark (QM)

2.3.4.2 Tripartite Interactive Assessment Delxivery System (TRIADS)
2.4 Conclusions of Chapter Two

Chapter Three: Field Research and Results (1) - Part (A)
3.1 Introduction

3.2 Fixed Response: Multiple Choice Questions

3.2.1 Changing the Position of the Most Plausible Distractor
(Strong Distractor)

Page No.

it

n

[ 93]

n

SN W

iv




3.2.1.1 The Aim of the research
3.2.1.2 The Research Hypothesis
.2.1.3 The Method of Research

3
3.2.2 The Results of Changing the Position of the Most Plausible Distractor

{Strong Distractor)
3.2.2.1 Introduction
3.2.2.2 Test One: Evidence for Fvolution
3.2.2.3 Test Two: Transport - - Gas Exchange
3.2.3 Changing the Position of the Key Answer
3.2.3.1 The Aim of the Research

3.2.3.2 The Research Hypothesis

3.2.3.3 The Method of Research

4.1 Introduction

LR

3.2.4 The Results of Changing the Position of the Key Answer
2.

3.2.4.2 'T'est One: [ntroduction to Animal Physiology

3.2.4.3 Test Two: Origin of Species

3.2.5 Examine the “Optical” Explanation

3.2.5.1 Introduction

3.2.5.2 The Aims of the Research

3.2.5.3 The Research llypotheses

3.2.5.4 The Method of the Research

3.2.6 The Results of Examining the “Optical” Explanation

3.2.6.1 The Mean Score of the Two Forms of the Test

3.2.6.2 Pupils’ Performances in Each Item of the Two Fonns of the Test
3.2.6.3 The Mean Score of the Three Versions of Form (B)

.Chaptcr Three: Field Rescarch and Results (1) -- Part (IB)

3.3 Fixed Response: Structural Communication Grids

3.3.1 Introduction

3.3.2 The School Level

3.3.2.1 The Aims of the Research

3.3.2.2 The Research Hypotheses

3.3.2.3 The Marking Scheme

3.3.2.4 The Method of Research and Results

3.3.3 The University Level

61
6l
62
66
59
69
70
70
74
74
75
77
31
81
31
81
82
88
88
89




3.3.3.1 The Aim of the Research

3.3.3.2 The Research Hypothesis

3.3.3.3 The Marking Scheme

3.3.3.4 The Methed of the Research

3.3.3.5 The Results of Applying the SCGs at the University Level
3.3.3.6 Summary of Resulis of Applying SCGs at the University Level
3.3.4 Checking the Strategies Pupils QOpt to Answer the SCGs
3.3.4.1 Introduction

3.3.4.2 The Method of Research

3.3.4.3 The Sample

3.3.4.4 The Results of Checking the Strategies Pupils Opt to Answer
the SCGs

3.3.5 Computer Program for SCGs

3.3.5.1 Introduction

3.3.5.2 Description of the Program

3.3.5.3 Sample to Test the Program

3.3.5.4 Limitations of the Computer Program for SCGs
Chapter Four: Literature Review (2)

4,1 Cognitive Styles and Assessment Methads

4.1.1 Introducticn

4.1.2 Field Dependent — Independent Cognitive Style

4.1.2.1 Description of Field Dependence — Independence
4.1.2.2 The Differences between Field - Dependence and

Field — Independence

4.1.2.3 Field Dependence — Independence and Assessment in
Science Lducation

4.1.3 Convergent - Divergent Cognitive Style

4.1.3.1 Description of Convergent - Divergent Cognilive Style
4.1.3.2 Summary of Hudson’s Work

4.1.3.3 Convergent — Divergent Cognitive Stylc and Assessment
in Science Education

4.2 The Representation of Knowledge in the Pupil’s Mind

4.2.1 Introduction

4.2.2 The Cognitive Structures

107
(08
108
108
112
118
118
118
I8
118

119
121
121
122
124
124
129
129
129
129
129

130

131

131
132

vi




4.2.3 Models of Semantic Memory

4.2.3.1 Collins and Qullian {and Loftus) Model (Hierarchical

Network Model)

4.2.4 The Empirical Tests of Semantic Memory Models
4.2.5 Retrieval Blocks and Partial Retrievals

4.2.6 Cognitive Structures and the Assessment Process

4.3 Word Association: A Technigue of Revealing the Cognitive
Structures

4.3.1 Description of the Word Association Technique (WAT)

4.3.2 Advantages of the Word Association Technique

4.3.3 Disadvantages of the Word Association Technique

4,3.4 Scoring Word Assoctation Tests

4.3.4.1 Number of Responses

4.3.4.2 Type of Responses

4.3.4.3 The Overlap in Responses Lists

4.3.5 Graphic Map of the Pupils’ Cognitive Structures
4.3.5.1 Relatedness Coefficient Method

4.3.5.2 Frequency Responses Method

4.3.6 Word Association Technique and Assessment in
Science Education

4.3.7 Conclusions of Word Association Technique

Chapter Five: Field Research and Results (2) — Part (A)
5.1 Introduction

5.2 Cognitive Styles and Asscssment Methods

5.2.1 Field Dependeni — [ndependent Cognitive Style and Assessment
Methods

5.2.1.1 The Aims of the Research

5.2.1.2 The Research Hypotheses

5.2.1.3 Description of Ficld Dependent — [ndependent Test
5.2.1.4 The Sample

5.2.1.5 Standard - Grade Chemistry Preliminary Exam

5.2.2 Convergent — Divergent Cognitive Style and

Assessment Methods

5.1.2.1 The Aim of the Research

(W]
tAr

149
150
151
151
151

155

vii




5.2.2.2 The Research [Typotheses

5.2.2.3 Description of Canvergent — Divergent Test

5.2.2.4 The Samplc

5.2.2.5 Chemistry Preliminary Exam for the Higher — Grade Pupils
5.3 The Results of Applying the Two Cognitive Styles on the
Assessment Methods

5.3.1 Field Dependent - Indeperdent Cognitive Style and
Assessment Methods

5.3.1.1 Field Dependent - Independent Cognitive Style and SCGs
5.3.1.2 Field Depandence — Independence and Fixed and Open

Response Questions

5.3.2 Convergent - Divergent Cognitive Style and Assessment Methods

5.3.2.1 Pupils’ Performance in Co/Di test and thieir Achievement in Fixed

Respanse Questions

Chapter Five: Field Research and Results (2) — Part (B)

5.4 The Relationship betwean Pupils’ Knowledge Structure and Multiple

Choice Structure

5.4.1 The Aims of the Research

5.4.2 The Research Hypothesis

5.4.3 Descriptions of Chemistry Word Association and Multiple
Choice Tests

5.4.3.1 Word Association Test (WAT) and the Graphic Map

5.4.3.2 Multiple Choice Test

5.4.4 The Sample

5.5 The Results of the Relationship between Pupils’ Knowledge
Structures and Multiple Choice Test Strueture

5.5.1 Introduction

5.5.2 The Facility Value of Tlach Option of Each Item of the Multiple
choice Test

5.5.3 The Implication of Knowing Pupils” Knowledge Structures in
Canstructing Fixed Response Questions

5.6 Pupils’ Performances in WAT and Their Achievement in MCQs
5.6.1 The Aims of the Research

5.6.2 The Rescarch Hypotheses

160
161

161
164

164
164
164

164
164
165
168

170

174
174
174
174

viii




5.6.3 Descriptions of Blology Word Association and Multiple
Choice Tests

5.6.3.1 Word association Test

5.6.3.2 Multiple Choice Test

5.6.4 The Sample

5.7 The Results of Pupils Performances in WAl and their
Achievement in MCQs

§.7.1 Graphic Mapping of Pupils’ Cognitive Structures for the Eight
Biological Key Words

5.7.2 Pupils’ Achievement in MCQs

5.7.3 Classification of the Sample in the WAT and their Achievement
in MCQs

5.7 4 The Effect ol [ntroducing Distractors from WAT into MCQs
Chapter Six: General Discussion

6.1 Introduction

6.2 T'ixed Response: Multiple Choice Questions (MCQs)

6.2.1 Changing the Position of the Most Plausible Disuactor
{Strong Distractor)

6.2.2 Changing the Position of the Key answer

6.3 I'ixed Response: Structural Communication Grids (SCGs)

6.3.1 Changing the Positions of the Options within the Grid

6.3.2 Two Methods of Scoring the Grid Questions

6.4 Cognitive Styles and Assessment Methods

6.4.1 Field Dependent -- Independent Cognitive Style and
Assessment Methods

6.4.2 Convergent - Divergent Cognitive Style and Assessment Methods
6.5 The Relationship between Pupils” Knowledge Structures and
Multiple Choice Test Structure

6.6 Pupils’ Performances in WAT and their Achievement in MCQs
Chapter Seven: Conclusions, Recommendations and Suggestions
7.1 Conclusions of the Current Research

7.1.1 The Major Findings

7.1.2 The Minor Findings

7.2 Suggestions for Teachers and Lecturers

190
191

192
193
195
195
195
196
199

ix




7.4 Suggestions for uture Work

201
References 201
Appendices



CHAPTER ONE: INTRODUCTION



CHAPTER ONE: INTRODUCTION

1.1 Introduction:

Assessment {8 a process for obtaining information that is used for making decisicns
about students, curricula and programmes, and educational policy (Capper, 1996). [tis a
way that helps people to ciscover the truth about any educational system (Rowntree,
1987). It is tike a window into the student’s mind that gives opportunity for teachers to
sce what students know (T.orsbach e /., 1992). Moreover, it is a central component and
integral part of the curriculum (Kellington er af., 1980; Wills, 1993; McGrath et al..
1992).

A good teaching method needs a constant flow of information about pupils’ progress or
about their failure (West, 1993; Wisker, 1997; Mavrommatis, 1997). Therefore,
assessment has been used lor many years as the tool for reflecting the success and

faiture of any school programme and gives feedback that helps to conduct effective

teaching.

Many people think that assessment is something donc at the end of the course or unii;
however, it is part of the teaching and learning process and must be planned very well
(Lloyd - Jones, 1986; Brooks. 1993). There should be a direct connection between the
type of assessment used and what has heen taught and tearned in the schocl programme.
This linkage is necessary for buiiding an effective enviropment for learning in any

institution (Burton ef al., 1997).

Onc may ask why schools or universitics put a lot of effort in carrying out an
assessment. Actually, different sectors in society rely on the results of the assessment
process. Therefore, assessment should really reflect what is required or expected from
it. There are many purposes that an assessor is seeking from his/her assessment. Some
of these are important to students, others to institutions including teachers and seme to

society including the parents.

a. Purposes Concerning Students:

Assessment helps students to:

® obtain a qualification for entry into the next stage or level of education or the world
of work (Skevington, 1994).
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¢ support and guide them in their own learning (Black, 1993; Balla et af, 1994

Baumann ef @/, 1997).

¢ motivate them and give incentives for learning (Knutton, 1994).

e give them feedback about the progress they have made in their learning. As a result
of this, individuals are able to identify their strengths, weaknesses and any

difticulties they faced in their learning (Stewart - Tull, 1973; Hodson, 1986; Railey,
1999).

b. Purposes Concerning Institutions (Including Teachers):

Assessment helps institutions and teachers to:

e allocate students to different sets or groups.

e give fcedback to the teacher about his teaching cffectivencss and meeting the
objectives he desires to achieve (Abdullak et al., 1997; Baumann et af., 1997).

¢ decide what the next step in a curriculum plan or the type of work that teacher should
do for a particular group or people (Gott er al., 1995).

e measurc and control standards.

e kescp arecord for every single student that may be needed by anyone,

e reveal errors and misconceptions,

e give students a grading or certificate.

c. Purposes Concerning Society (Including Parents):

Assessment helps society to:

e sclect the appropriate person for the appropriate work or career opportunity and
provide a license to practice (¢.g. Vets, Dentist, Teachers).

e report to the parent about their children progress.

¢ help in the choice of courses for the next stage in education.

Assessment can be conducted by different methods to gather information about
students’ performance. Unfortunately, many of these methods which have been used
over many years are largely a measure of the ability to recall facts or to measure the
lowest levels of understanding. Furthermore, some of these methods, il they have been
used in an inappropriate way or if they do not measure desired outcomes could harm
students (i.e. may give stadent less marks although he knows the content).

Consequently, these methods should be selected, with much care, according to what is
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intended to be assessed. Unless the assessor has clear and understandable criteria about
his/her assessment, it is unlikely that the teacher makes the right decisions about when,

and what, and how. and by whom the assessment will be {Shaw et af., 1993).

[t has been found that a ot of time and money is spent on the process of assessment but,
in some cases, without any benefit that leads to an improvement in the teaching and
learning process. In other words, although assessment is a complex and powerlul
process in the classroom, somic teachers are unaware about this and they do not use it
effectively. Very little is obtained from the assessment methods that helps teachers to
teach. Instead, students are given marks or grades, saying how ‘good’ or *bad’ they are.
and putting them in an order of merit, Teachers should be aware of the potential of the

assessment for the improvement of teaching and learning and its side effects if it is used

in a wrong way.

Recently, there have been internal and external pressures for institutions to review and
improve their practice in the area of assessment (Balla et af., 1994). For example, there
is considerable concern about assessment in England and Wales since the introduction
of the national curriculum (Swain, 1989; Swain, 1991). There arc several reasons for

this pressure and they can be summarised as follows:

e Much assessment of the students is carried out, consciously or unconsciously, in so
many different ways and with so many different purposes (Jackson, 1988). This
assessment has a lot of weight and affects the future of the students. Therefore,
effecuive assessment methods arc needed.

¢ The big movement in the learning and teaching process is resulting in new methods
of teaching. These methods, such as problem selving, help to promote effective
learning and teaching. The assessment process should parallel any development and
improvement ir: teaching and learning,

e The changing atms of higher education such as mix of academic, vocational and
general transferable skills.

¢ Emphasizing deep leaming rather than surface (shallow).

e To save staff time.

However, when we look to the process of assessment it is still carried out by the same
methods as it has been for many years. [t is, therefore, iraportant that rapid changes in

assessment should happen to kecp up with what is happening in teaching and learning.

Page 3




Lioyd - Jones {1986) reports that education, and of course assessment which is part of it
must respond to the changing needs of society, to new branches of knowledge. to

changing perceptions of its role and to refinement in its techiniques.

1.2 The Problems of Assessment:

Carrying out any assessment process is not an easy lask. It faces many probiems and

difficulties. Teachers should be familiar with these problems in order to eliminate or at

least try to reduce them. Some of these problems are listed by Entwistle ef al. (1992):

® Assessment systems are often difficult for departments to change as they depend on
institutional or faculty regulations.

e It is difficult to establish a workable assessment system that balances casc of use
with the promotion of desired learning activities and outcomes,

o In large first year classcs (university level) the workload implications for some
desirable asscssment procedures make them unworkable in practice.

® The need to award classified degrees makes collaborative work difficult to assess
fairly.

o Attempts to inciude innovative methods of assessment, or different skills, make it

difficult to ensure that standards are maintained,

Furthermore, there are other problems mainly related to the assessment methods such

as:

o Choosing a valid assessment method. In other words, ensuring the test is measuring

what it is supposed to mcasure.
o Marker reliability, especially if more than one marker is involved,

e Using valid statistical methods and drawing valid inferences from the measure.

Nevertheless, these problems should not be obstacles to any improvement. A change in
the current practices of assessment is necessary so that the assessment methods are no
longer focused on lhe fowest levels of learning and they can provide teachers with

insight into their methods and their tools of assessing and teaching.

In the light of the problems associaled with assessment, this project seeks to examine in

some details the strenglhs and weaknesses of somc forms of objective testing.
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CHAPTER TWO: LITERATURE REVIEW (1)

2.1 Introduction:

Until now there is no one perfect or ideal method of assessment. Each method has its
advantages and disadvantages. However, the suitable method of assessment to be used
depends mainly on the outcomes required to be assessed and therefore teachers have to
think deeply before choosing any assessment nethod (Lloyd - Joncs, 1986). Balla ez al.
(1994) argue that good practice in assessment of students’ performance is associated
with selection of the method which malches the purpose of the assessment, the
properties or characteristics being assessed und the objectives (intended outcomes) of

instruction,

There are different classitications of classroom assessment made by educators
(Gronlund, 1971; Marshall es al., 1971; Thyne, 1974). Each classification is looking
from a different point of view. Some of these classifications are as follows:
Classification 1: Selection Questions (True/Talse (T/F), Multiple Choice (MCQs),
Structural Communication Grids (SCGs), Maiching, Venn Diagrams) versus Supply
Questions (Essay - short answer, Essay - cxtended answer, Completion).

Classification 2: Objective (Questions (Selection Type such as True/False (T/F),
Multiple Choice (MCQs), Structural Communication Grids (SCGs), Matching, Venn
Diagrams and Supply Type such as Completion and Short Answer) versus Hssay
Questions (Restricted and Extended).

Classification 3: Fixed Response (Select from given answers) versus Open Response

(Examinee provides answers).

The key question which could be asked here 1s thal “What are the preblems of the
current fixed response and open response methods of assessment?”. The following
sections were written to answer the above question. The aim of this chapter is to give a
background review of some of fixed response and open response methods by giving the

descriptions, advantages and disadvantages of each method.

2.2 Assessment Methods:

2.2.1 Fixed Responsc Questions:

It is difficult to see the results of enhancing new teaching methods in students learning

using conventional assessment methods such as some forms of objective testing
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(Gibbs, 1995). However, there has grown up in recent years the use of many types of
fixed vesponse (objective) tests and essay type formats in a great many subject arcas

(Jeans er af.. 1978 Zeidner, 1987).

Objective testing can be defined as u test which is free [rom any subjective bias - either
from the tester or the marker (Currie, 1986a; Leonard ef al.. 1996}, However, we have
to be verv clear about the word objective. In obiective (esting, the objectives that are
intended to be tested are subjectively chosen (chosen by the teachers). The questions
themselves have been subjectively written to match these objectives (testing the
objectives from the teacher’s point of view - professional judgement), The wordings are
subjective (chosen by the teacher to test the objcctives), and lhe interpretation of the
scores is subjective (the results are subjectively judged by the cxaminer, 1o be
satistactory or otherwisc, and users of the results, such as parents and employers). The
only objective part of objective testing is the scoring because machine scoring can be

used.

Nonetheless, fixed response (Selection Type of objective testing) can take various forms
such multiple choice questions, true - false queslions, matching questions, Venn
diagrams and structural communication grids. The following paragraphs are going to

discuss these types of objective testing.

2.2.1.1 Multiple Choice Question (MCQs):

i. Infroduction:

Multiple choice questions (MCQs) are one of the main types of fixed responsc
questions. They are generally recognized as the most widely applicable and useful type
of objective testing (Gronlund, 1971). They have been used widely as the main
assessment method to assess students’ performance. They reached the peak of their
popularity in the 1950s and 1960s tecause of their high reliability (White ef al., 1992).
‘t'he main aim of infroducing such questions was to replace the cssay questions in many

science examinations and to meet the social needs of an expanding society.

MCQs were derived from traditional intelligence testing (Black, 1998). Then, a further
justification has been made for this type of question by the prevailing emphasis on

managing learning through specitication of behavioural objectives.
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However, in the fate 1960s criticism of these questions bad begun in the United States
where for the first time these questions were introduced (Black, 1998). The main
criticism was that this type of question led pupils and teachers to think of learning as the
art of picking the right answer. They were unable to test activities that would be more
constructive, creative and holistic. Furthermore, the critics argued that these questions
could not be the instrument to improve education because:

« they could only sample a narrow range of types of performance,

o they were not linked to schedules of the curriculum.

Other criticisms of the multiple choice questions came from the learning point of view.
Learning ts a complex process, which cannot be reduced to a routine of selection of a

small component by using multiple choice type questions.

Despite the criticisms made above to the MCQs, they still play an important role in
assessing students’ academic attainment in the science curriculum, Many schools and
universitics use these types of questions to assess their students’ performance all over

the world and in different disciplines.

il Descriptions of Multiple Choice Questions:

MCQs are a series of questions (called items) each having a pre-determined correct
answer (Bannister ef «f., 1967; University of London, 1976). Each item (Gronlund,
1971; Johnstone ¢ al., 1972) consists of:

a. The stem: where the proolem may be stated in the form of a direct question or an
incomplete statement.

b. The options: where the selution is found. The options can be words, numbers,
symbols, or phrases, The right option is called the key answer and the wrong options are
called the distractors. The word distractor means that the wrong option distracts those

students who are in doubt about the correct answer.
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ILxample of MCQOs from Biolooy:

In which animal does blood flow through vessels from the respiratory organ back to the
heart before circulating through the rest of the body? 4 ‘[he Stem

a. frog.
b. shark.

¢ feeches. The options

¥ 3

d. snails.

e. termite. __]

Note: Option a is the key answer whereas options b, ¢, d, e are the distractors.

iii. Advantages of the Multiple Choice Questions:

Educators still do not reach a similar view about MCQs. Some of them suongly support
the use of MCQs to assess students’ performance while others are strongly against using
them in any assessment process especially in higher education. Both groups have their

own arguments. However, some teachers and educators prefer using MCQs 1o assess

their students for several reasons.

a. A wide selection of topics can be tested at the same time and in a short period
(University of London, 1976; Tamir, 1990; Dixon, 1994; Ndalichko et @/, 1997). The
teacher can test widely the curriculum syllabus using these questions. This is because
these type of questions only require from the examinee to select his/her answer [rom the
given options. A study by Blum et al. (1986) found that students preferred to answer
MCQs than essay type questions due to the time pressure. Students like to answer
MCQs because they can answer more questions than in essay type questions in the

allocated time of the exam.

b. They have the potential for testing large numbers of students in a short time
(Daniels, 1968; Pamphlett ¢/ af, 1995; Johnstone and Ambusaidi, 2000). Many
universities face one major problem which is the large number of students in one
course. Students need a lot of effort from their teachers in terms of teaching and

assessment. Some assessment methods cannot realistically be used to assess large

classes.

c. It is easy to develop banks of improved items based on statistical analysis of

answers (Johnstone ef ., 1983; Pamphett et al., 1995). Teachers are able to identifv
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itcms on the test which were too easy, which were too hard and which were ambiguous.
In addition, teachers can gather by pre-testing, a larger number of items than will be
needed. The results from pre-testing will help teachers to discard those iteras, which
seem unsuitable and modify others. Heywood (1977) lists the benefis of using pre-
testing.

e Without pre-testing it is likely that some of the items will be badlv designed and will

not discriminate between students.

® Pre test/test data provide information about the reliability of both the questions and

the examination as a whole.
® Pre-testing enables item writers to develop their skils.
e Pre-testing gives the pupils experience in answering this type of question.

¢ Pre-testing allows for experimentation in which pupil attitudes and difficulties can be

evaluated alongside the teacher’s view.

d. MCQs have a satisfactory test inter - marker reliability (Daniels, 1968; Tamir, 1990:
Schimidt ef al, 1992; Verma et o, 1997; Black, 1998; Staff Development and
Educational Methods Unit), It is a very important feature of these types of questions
since open responsc questions have a reliability problem. Open response questions have
the ‘halo’ effect problem which could be described as the effect of the marker as a result
of knowing the student or from previous test papers. This problem can be solved by

using fixed response questions such as MCOQs.
2 q _

¢. They arc casily and quickly scored and lend themselves to machine scoring. This is
one of the most attractive points to many teachers o use MCQs especially in higher
cducation. Marking processes do nol require any special skills from the marker and can
be done by anyone even the students themselves (Currie, 1986a). Becausc of using
machine marking, the scering process makes it possible to return quickly and reduces

the possibility of mistakes.

f. They can be seen as a suitable method of testing students who know their subject
mattcr but are poor writers (Juckson 1988; Tamir, 1990; Child, 1997). Nitko (1983)
propases that these types of questions help students to focus on reading and thinking
and so do not require the writing process to occur under examination conditions. Some

students have a problem in the writing process and there{ore fixed response questions
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such as MCQs can be scen as the best assessment method to assess their performance.

The achievement of these students in MCQs docs not depend on thair writing skills.

g. They can be used lor diagnostic purposes (Fricl ef al., 1988; Treagust, 1988). If the
distractors are based on common errors and misconceptions, then the itcnis may give a
diagnostic insight into difficulties an individual student may face. The results of such
questions could be very helptul for a teacher to modify and correct his teaching
methods. A recent study by Tan es af. (1999) found that multiple choice provides an

easy - to -~ administer tool, providing results in a readily accessible form.

iv. Disadvantages of the Multiple Choice Questions:

Some educators, however, are against using MCQs in their assessment. They have their

own evidence to support thelr views,

a. It is a less valid instrument compared to essay type questions (Verma e af., 1997).
The validity here means that the test is measuring what it was intended to measure in
terms of knowledge, understanding and skills. Tn a multiple - choice test item some
students may be able to climinate several of the response options (correct and incorrect

answers) because the options give unintended clues (Capper, 1996). The following are

examples of invalidity of the MCQs,

Example One:
Select the word that means about the samg as the word SMART.

a. clever. b. stupid. ¢. unfortunate, d. poor,

In this example, students who do not know the correct answer might be able to guess
the answer because the connotations of the incorrect words are all very different fom
the correct answer. The words ‘stupid’, ‘unfortunate” and ‘poor’ all have negative
connotations and ‘clever’ stands out because it is the only option [rom the rest with
positive commoiations. If a student knows that the word ‘smart’ has positive connotation,
he can then eliminate the three negative connotation options without knowing what is

the mcaning of the word *smart’.
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Example Two:

This is another example from science this time. Students ar¢ shown a picture of two
girls standing side by side. From tlie picture, it is clear that these girls are of the same
height. [t also says that the girls are in the same class at scheol. The question is ‘In
which one of the [ollowing respects are the girls most likely to differ?

i height. b. age. c. rate of heart beat. d. number of toes.

The answer of the above question, by common sense, is aption ¢. Students will
eliminate options a. b and d to reach the correct answer. The cotrect answer could be

reached by someone who never did science.

The question which could be pointed here is that “dre we really measuring what we set
out to measure in the multiple choice test?”. 1f the test is invalid then everything which
follows from it is useless even if a good marking process or statistical manipulation is
carried out. The test designer should be aware about the validity of the test he designs to

ensure that the test does really measure what it is set up to do.

b. There is a problem of guessing and cucing effects (Handy er al., 1973a; Handy et al.,
1973b; Schawirth er al, 199G). This iy a major problem in educational and
psychological measurement (Wang ef al., 1997). In four option MCQs the percentage of
guessing s 25%. An ignorant pupil can score 25 % by random guessing. Some
educators criticise the MCQs in terms that pupils can randomize their guessing. A study
by Johnstone and his co - workers (Johnstone ef al., 1983) showed that the guessing
could be increased from 25 % (four options) to 50 % because pupils can eliminate some

distractors before guessing becomes necessary.

There are some suggestions which could be used to reduce guessing of MCQs:

¢ Incrcasing thc number of options per item. It is less likely for the pupils to select the

correct answer by chance. But this will bring us back the problem of finding more

realistic options that could function well.

® Increasing the number of items per test. Again it {s difficult to write good questions
and plausible distractors for each question.

¢ Penalising or negative scoring of incorrectly answered questions. This may help to
reduce guessing but, on the other hand, it may increase students’ anxiety (Pamphlett

et af, 1995). If the purpose of the test is to put students into an order of merit, there is
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little point in penalising students for guessing. The rank order correlation between

the "raw’ and ‘penalised’ scores is usually greater than 0.95 (Burton ef af.. 2000).

Some teachers or examiners may believe that the guessing could be eliminated by
applying any “correct for guessing” formulae such as the followings (Hudson, 1969;

Handy et al., 1973a):

a. Deducting marks for incorrect answers:

W
S=R-
N -1

Where S is ‘true’ score,

R is no. of correct answers,

W is no. of incorrect answers,

N. is no. of options in each item.
b. Adding marks for omitted items.:

S= R + O_
N

Where S’ is ‘lrue’ score,
R is no. of correct answers,
Q is no. of items omitred,

N. is no. of optiouns in each item,

However, it was found ihal even adjustment of final scores by one of the above
formulae does not climinate or minimize the effect of chance when answers have been
guessed (Hudson, 1969). Some educators such as Johnstone ef al. (1972) argued that it
is better for a candidate to make an informed guess rather than to shelter behind ‘no

opinion’.

c. There are problems related to MCQs options. This is what is called positional
response bias. Positional response bias as defined by Cronbach (1950) is one type of
response set, as selecting one response position on multiple choice tests more often,
regardless of item content. The psychological basis behind this is that some students
read every option and discriminate carefully, whereas some students merely read

through the item to find a plausible answer, mark it, and go to the next item.
Page 12




[f the options were superficial and ridiculous, then the students could arrive at the
correct answer by a process of elimination (Child, 1997). Few rescarches have been
done on the positional response bias in multiple choice tests hecause of the two types of

problems (Fagley, 1987):

1. Methodological problems: such as

¢ Failure randomizes ihe position of keyed responses.
e Inclusion of unequal numbers of a -, b -, ¢~ and d keyed items.

e Failure to consider the effeets of visual cues provided by answer sheets.

2. Conceptual problems: such as

® Definitional differences that led to divergent views about what evidence would

denionstrate a pasitional response bias,

However, some of the above problems can be solved nowadays using compuier based
assessment packages. These packages have the ability to randomize the keyed response

and to eliminate the etfects of visual cues.

There are two types of problems regarding the options. The first problem is related to
the key answer whereas the second problem is related to the plausible distractor. Firstly,
let us give a brief summary of some research findings related to the positional response
bias of the key answer. A study by McNamara ef g/. (1945) concluded that a tendency
exists among examiness to favour certain respouse positions over others. The difficuity
of such questions is determined by the positions in which the correct answer has been
assigned or located. They found that for five - cholce items, those items having right
answers in the fourth position are the most difficult; those with right answers in the
second and third positions arc \he easiest; and those with right answers in the first and
fifth positions are of equal modcrate difficulty. On the other hand, Marcus (1963) found
that MCQs are relatively free of position preferences. He found that the position of the
plausible distractor (the distractor, which is selected most among other distractors in

some pre — test) logically accounts for any rcsponse bias than dees a position

preferences.

Another study by Payne (1951) found that an alternative gained six (could be the right
option) percentage poinls on average when placed among the top options (in a or b

positions) and two percentage points when placed among the bottom options (in d or e
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positions) in comparison with same option placed near the middle of the answer option.
The study by Blunch (1984) showed that ihe answer option receives different support

when placed in ditferent positions among other options.

Ace ef al. (1973) revealed that the item difficulty of MCQs depends on the placement of
the correct answer. Thus, for five options multiple choice questions, those with the
correct option in the fourth position appeared to be more difficult than those with the
correct option in the second or third position. They emphasised that the correct response
position is probably an important determinant of item difficulty. Cizek's (1994) study
suggested that item performance can be affected to a smaller or greater degree by

changes in corrcet option placement,

There is also the question of the research findings on the positional response bias of the
most plausible distractor (strong distracior). In MCQs, every distractor is supposed to
take a part in distracting the students, otherwise it will be useless as an option in the
item. A study by Friel (Tricl, 1976, Friel et al., 1979) with 12 - year old school pupils
showed that a small editing in the item without changing one word or science data can
bring about significant changes in the item’s statistical factors, such as the facility value

of the question,

These two problems above may be solved by presenting the options in different order in

the hope of cancelling out the respondents’ preferences for the various positions. There

are two rcasons why it may be desirable to reorder the options in MCQs (Cizek, 1994):

e [0 achieve a balanced key (equalizing the number of limes each option is the correct
response).

® Because of concerns about test anxiety, it is sometimes desirable to avoid the

situation where one response is the correct answer for several contiguous items;

hence options may be reordered.

However, not always is it possible to reorder the options of muitiple choice questions.
This is due to the fact that sometimes a stylistic change is desirable to place the options
in some logically or aesthetically appealing manner (for example numbers in order).
Therefore, the question which might be asked here is that “Does reordering the aptions
of the MCQs eliminate such bias?”. Research by Blunch (1984) showed that the
position bias in the MCQs generally is not eliminated through the rotation of the

options. Brespock et al (1989) supported this conclusion and pointed out that
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conclusions regarding randomization to removal personal posilion preferences are not

convincing,.

d. Failurc to measure high level cognitive or psychological processes (Gronlund. 1971:
Bray, 1986; Zeidner, 1987). MCQs tend to focus on the lower level aspects of
knowledge such as recall and understanding while neglecting higher level aspects like
analysis, synthesis and evaluation (Hager, 1994). They seem fo test factual recall or the

simple understanding of facts.

In medical courses for example, MCQs are widely used as one of the main methods for
assessing students’ performance. However, they have been criticised as being artificial
and unrelated 1o clinical practice (Fenderson ef al., 1997). The way that these questions

are presented to students may provide students with possible inappropriate cues.

Furthermore, it 1s difficuli to test reasoning and problem - solving skills using MCQs
because it is often not difficult for clever students to identify correct answer. MCQs
may be able to measure what the pupil knows or understands but not what to do when

confronted with problem situations. They cannot determine how pupils will react and

perform in an actual situation.

If any institution wants to move beyond the knowledge and comprehension levels of the
fearning outcomes, then MCQs will be inadequate in judging pecformance and

application of science concepts (Rasp, 1998).

e. Pecnalising the creative examinee (Zeidner, 1987). There is no place in MCQs for
students to show their creativity. This is due to the fact that MCQs do not require from
students any writing or open response, Rescarch done by Frederiksen and his colleague
(Frederiksen ef al., 1980) on measuring students’ creativity, found that creativity cannot
be measured with MCQs. If the creativity is deflned as number of ideas, number of
unusual ideas and number of ideas that are both unusual and of high quality, then the

multiple choice method is not the appropriate method for measuring creativity.

{. Laying too much emphasis on speed and rote memory (Tamir, 1990). Curric (1986b)
looks to examinations concerned mainly with recall of information such as MCQs as the
test of speed - working against the clock. MC(Js require no more than recognition of
correct facts. Moreover, they encourage students to adopt surface approaches to

studying (Entwistle ef af., 1992; Scouller, 1998). In most cases the way students are
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studying is determined by the nature of exam they have. If for cxample, the exam just
requires students to select the correct answer from the given options, then students will

opt for memorizing facts and no more.

Moreover, the type of questions are asked in any examinations irfluences not only the
demands they make on sludents to answer them but alse the form of understanding
which students are secking in their studying. Entwistle et al, (1991) set out to examine
the links between the revision strategies adopted and the forms of understanding
reached. They concluded that some students gear their revision to question types which
can be answered within frameworks provided by the teacher or a lextbook and that the
type of questions set has a strong influence on the forms of understanding students seek
during their revision study. They found that some types of questions encourage and test
a restricted form of conceptual understanding, It could be reported that students are
strongly influenced by the form of assessment they expect. Multiple choice formats

push students towards surface approaches, while open essay type questions encourage a

decp approach.

In addition, it has been suggested that the type of guestions asked in the examinations
can shape the content and the nature of instructions (Nitko, 1983). If the type of
questions in the exam asks information in higher order skills, then the instructions will

concentrate in that level and vice versa. It could be said that MCQs can shape education

in undesirable ways.

g. MCQs seem to have language effect. Some researchers (Cassels et al., 1984, Cassels
ef al., 1985) found that sinall changes in the language of the ftem could affect the
students performance in a test. In his study, Cassels ef al., (1984) found thar there is:

I. A small effect in item difficulty by the use of active or passive voice.

2. Large effects occur when there are changes in:

e The key words in the item stems,

e Terms involving quantities.

e Overall complexity and length of the item stems.
e Using positive versus negalively worded items.

e Reducing thinking stages.

h. Students may make mistakes lor a good reason or may get the right answer for the

wrong reason. Sometimes it is difficuit to find the reasens why some students made
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mistakes in MCQs. For example. if a student interprets a problem diffeveatly from the
problem intended by the assessor, then what is the sludent going to do. In this casc,
there are two things that student may do; either leave the answer blank or make a guess.
It is possible that the student failed to find any response which matched the solution he
had in mind. A study by Tamir (1990) showed that up to a third of pupils who chose the

correct response in MCQs might do it for a wrong reason.

i. lItis difficult and time consuming to prepare MCQs (Stenhouse, 1969; Whitfield,
1970; Heywood, 1977; Child, 1997). This typc of questions is good for sampling
knowledge but it is much more difficult to construct them to test higher - order skills
(Wiseman ef al., 1970; Currie, 1986a). The designer of MCQs should have a high level
of experience in setting good questions. Verina et a/. (1997) state that it is very easy 10

construct poor - quality MCQs and the results obtained from such MCQs tend to gain

respectability under the guise of reliability.

The difficulty mainly comes from finding realistic options. If the ontions are not
plausible then the chance of guessing the correct answer is increased (Bannister er af.,
1967; Schmidt ef al., 1992). The result of this is that the test distractors are non -

functioning.

j. Cannot examine written expression (TTead, 1966; Jackson, 1688). MCQs do not allow
students to express their own ideas and show the linkage between their ideas because
they required no more to do than choose among a fixed list of options. Complex
structwres of knowledge and reasoning cannot be assessed using MCQs because they
will be in an isolated or restricted context (Black, 1998). Rowntree (1987) makes the
thing very clear and condemns using one method, such as MCQs, in assessing students’
performance. He states that example from a teaching and leamning system that relicd
cntirely on, say, multiple choice testing. Because of students’ expectations of such tests,
it might suffer the side effect of students learning to scan the lcarning cxpericnce for
factual, testable items, gobbets of detail or techpical terms, rather than looking for

larger, encompassing insight that might be demanded ol them in essays.

k. In MCQs some useful information is lost if no credit is gained for partial knowledge
and if no analysis is being made to pupils’ responses to different distractors (Friel ef ol
1978; Johnstone ef al, 1979). Most of the time the incorrect responses give very
important information as a feedback to the tester about such test. Unfortunately, the

current practice of the multiple choice tests is rewarded scores anly for the correct
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responses. ‘Therefore, it is recommended that instead of focusing on correct response
only, incorrect responses to multiple choice items are used to extract more information

about examinees” states of knowledge (Ndolichako ez af., 1997).

In addition, the scering system of the traditional MCQs (one correct answer) does not
take into account that sometimes each item is different [tom others. The weight that is
given to each item is the same despite the fact that some ltems may contain more

important information than others and vary in difficulty.

I. They cannot be used as criterion - referenced assessment, Criterion - referencing
assessment refers to a means of measuring pupils’ level of knowledze, skills, and
understanding in the context of the task set (Baumann ef ¢, 1997). A driving test or a

music exam are examples of criterion - referenced assessment.

‘There are two reasens why MCQs cannot be used as criterion - referencing asscssment

are listed by Johnstone et af, (1983).

e Criterion referencing is cssentially checking the individual against a set of criteria.
Objective item statistics refer to a population of individuals and tells nothing about

the individual.
® ldeally, the facility value for a criterion - referenced item should be 1.0; that is, all
the pupils have apparently succeeded in attaining a certain criterion. Howcever, if an

item has a facility value close to 1.0, it follows that the distractors are failing to

distract.

Finally, we have to ask oursclves “Can we avoid using MCQs in our ussessment
process?”. Some researchers such as Rasp (1998) still argue that we cannot avoid using
MCQs in our testing. she points out that whether we like it or not, multiple choice tests

are still a fact of life for our students and therefore, they need the practice.

2,2.1.2 True fFalse and Linked True/False:

I. Descriptions of True/False Items:

True/false items atre one of the commonest and oldest type of fixed response questions.
This type of question consist of a statement or proposition which the examinec must

judge and mark as either true or false (Nitko, 1983).
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Examplcs of True/False from Biology:

* Directions: Read each of the following statements: If the statement is true, circle the
T, 1 the statement s false, circle the ¥’

T F 1. The green colouring material i a piant leaf is called chlorophyll.

T T 2. The corolla of a flower includes petals and sepals.

T F 3. Photosynthesis is the process by which leaves make foad for a plant.

It. Advaatages of True/False Items:

True/false items have several advantages in assessing students. These advantages are
common in all the fixed response questions. Some of these are as follows (Macintosh,

1969; Gronjund, 1971; Collins ¢t «/., 1976; Nitko, 1983):

a. They are relativcly casy 1o write and construct. However, 11 is easy to construct poor
true/ false items but to construct unambiguous true/false items require an extremely

high degree of skill,

b. They can cover a wide runge of content within a relatively short period of testing but

in some areas of the curriculum it is difficult to construct good true/false items.

¢. They can be scored easily and objectively,

il Disadvantages of True/False Items:

Cn the other hand, true/false items have obvious disadvanlages. Some of these arc as

follows (Gronlund, 1968; Marshall er af., 1971; Ebel, 1972; Thyne, 1974):

a. They can be answered correctly by biind guessing. True/[alse items have a fifty - fifty

chance of guessing the correct response and therefore they encourage students to guess.

b. They may encourage students to study and accept only oversimplified statements of
truth and factual details. In this case, true/false items encourage students to concentrate

on remembering isolated factual details and rely heavily on role learning.

Modifications have been made to true/false items to overcome the problems of both
MCQs and traditional truc/false. [n these modifications, the raditional true/false items
were compiled into batteries of true/[ulse items 1o form linked (rue/false items (Figure
2.1).
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The modifications were developed to overcome (he drawbacks of MCQs because
MCQs are n effect true/false applied each distractor and by using the linked true/false
items, teachers can get a view of the pupil’s grasp on an objective and a chain of
reasoning is revealed (Johnstone er af,, 1983). In linked true/false, the trug/false items
should be interlinked in such a way that blind guessing would show up as gross
inconsistencies in the responses (Gray, 1997). As a result of this, a consistent set of

responses can give the examiner confidence in the results.

Terminus
True

Question 4

2
Question 2
) 3
Question 5
Question 1 4
True 5
Question 6
True
False e
Question 3
True
Question 7
False> 8

Figure 2.1: The layout of linked true/falsc questions (Adapted from Johnstone ef
al., 1986)

Figure 2.1 shows a layout of linked truc/false items. The starting question (Question 1)
is branched into two another questions (Questions 2 and 3) and each of these two
questions is branched to another two until the end path has been reached. The student is
required to answer cach question by choosing truc or false. Then, his answer leads him
to another question and so cn. Sometimes, the student may realize that he made mistake
and chose the wrong path. In thig case, he can go back and check his mistakes. The

assessor may allocate marks only if the student reached the best end point or he may

allocate marks for each correct answer,
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From the diagnostic point of view, each path the student uses indicates the level of
understanding the student has reached. Both the correct answers and wrong ones arc so
important in determining the level of understanding. For example, suppose a question
consists of eight terminuses (like in Figure 2.1) and the best (correct) terminus is
terminus number two. If the student reached this end point then, it can be said that this
student reached the required level of understanding. However, if the student reached
other than this terminus then, it is surely that this student has a partial or a complete lack

of understanding of testing materials.

A computer program can be designed easily which could perform the testing, recording
and analysis of results (Johnstone es af., 1986). Unfortunately, linked true/false can be
applied only in situations where black and white ideas are explored such as

vertebrate/invertebrate, oxidation/reduction, metals/non - metals.

Example of Linked True/False from Chemistry:

* Directions: In the diagram below, dceide whether each statement is True (T) or False

(F) and follow that path.

—_

(Ni( NH — (N NHB

/ is oxidation

cr’ ->Cr0
T Is oxidation F\‘ Oxication always increases

the size of the + charge

[a™]

[

QOxidation is .
the loss of on the ion.
electrons. 5
F Oxidation always occurs
when more oxygen atoms
/are in the ion.
ur04 _,..,Crzo7 6
is oxidation
7
\ Oxidation always

changesthe oveiall
charge on a species.

[~=]

VAN “/\":
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2.2.1.3 Matching Questions;

i. Description of Muatching Questions:

Matching questions are simply modifications of MCQs (Gronlund, 1968; Macintosh ef
al., 1969; Marshall ef /., 1971 Thyne, 1974). In the MCQs the possible responses are
listed underneath each individual stem, whereas in the matching questions a series of
stems called premises is listed in onc column and the responses are listed in another.
Matching questions seem to be the appropriate imethod for identifying the relationships

between two things (Gronlund, 1971).

Fxample of Matching Questions from Biology:

* Directions: You have two columns A and B. Column A contains a list of structures of
the plant cell. On the line at the left of each statement, put the letter of the item in

column B that best fits the statement. Each response in column B may be used oncc,

more than once, or not at all.

Column A Column B
e 1. Nucleus A. Gives plant cell definite shape.
w— 2. Vacuola B. Carry out photosynthesis.
e 3. Cell Wall C. Ocecupy most of the cell.
e &, Cytoplasm D. Site of the chemical reactions.
em— 3. Chloraplast E. Controls the cell activities.

F. Controls the movement of the
substance in and from the cell.
G. Able (o stretch slightly when

watcr is absorbed by the cell.

I Advantages of Matching Questions:

Although matching questions are a modification of the MCQs, there are some

advantages in using them o assess students in science.

a. They can be scored rapidly, accurately and objectively by individuals who are
unqualified to teach in the subject areu being examined (Marshall et a/., 1971; Collins et
al., 1976),

b. There is a relatively low chance of guessing in matching questions if the number of

responses is morc than the number of premises. However, if there is an equal number of
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premises and respouses, then the process of elimination improves the chance of

guessing as the student works through the question (Collins 2f of., 1976).

1, Disadvantages of Matchinye Questions:

On the other hand, matching questions have limitations or disadvantages for assessing

students.

a. It is difficult to prepare matching questions that can be used to test the higher levels
of the cognitive domain (Gronlund, 1971; Marshall ef al., 1971; Collins et al., 1976).
This is one of the major problem of most of the traditional methods of fixed response

questions.

b. If the premises are not developed in a homogencous manner, they may provide clues
to the correct responses (Marshall et «l., 1971). Tt is difficult to find enough important

and homogeneous ideas to form a matching set. These types of questions cannot test a

large sample of the coursc conlent.

¢. Students may develop the undesirable study habit of memorizing isolated facts if they

know that the teacher uses only matching questions (Collins ez al., 1976).

Llowever, improvements have been made to this type of questions in United States and
especially in medical schools. In this improvement, which is called Extended Matching
Questions, students are asked to select the best unswer to a question [fom a list of 20
options, each option may be used once, more than once, or not at all (Fenderson ef al.,
1997). But is it easy to construct homogencous premises o avoid cucing and guessing

the correct answer?

2.2.1.4 Venn Diaerams Method:

i. Introduction:

This 13 another type of [ixed response questions. It is the coatribution of modern
mathematics in science tcaching (Johnson, 1977; Henson ef af., 1979). There is little

research which has been done on this method and therefore, it is not in common use.

ii. Description of the Venn Diagrams:

In this method, students are presented with a diagram made up of intersecting circles

(Figure 2.2). It could be two circles or more than that and usually each circle is labelled
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with a name. Then. siudents are asked to allocate the given information te an
appropriate circle or overlap. t is not necessary that each piece of information has a
place in the diagrams. Some of the information can be used as distractors to students. In
this method, a teacher may allocate different number of marks for each correct
placement of the information in the diagram. For example, in the diagram below (Figure
2.2) we assume that there is an object cailed I belongs to the three categorics (A, B and
C). If student places this object in 4rea 4, then he will reccive three marks because this
object belongs to the three categories. However, if the same student places the same
object In Areas 2, 5 and 6, then he will receive two matks. The same student will

receive only one mark if he places the same object in Areas 1, 3 and 7.

Figure 2.2: The layout of the Yenn Diagrams method of assessment
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The best way to understand any method of assessment is by giving an actual example.

The following is an actual example of the Venn Diagrams from science.

Example of Venn Diagrams from Biology:

* Consider the following animals:
1. Coyote 2. Red squirrel 3. Trichineila spiralis 4. Planarians 5. Anteaters

6. Leeches 7. Urodeles 8. Alligators 9. Sponge 10, Manatee 11. Lamprev

Vertebrates

Mammals

In the diagram above, animal number 1 (Coyote) has been placed in the shaded area
because animal 1 is both vertebrate and mammal. Now write the numbers 2 to 11 in

their appropriate places on the diagram.

There are other cxamples from science which can be assessed using Venn diagrams. For
examples metal/mon - metal, acid/base, and acidic oxide/alkaline oxide in chemistry and

animal/plant, prokaryotes/eukaryotes, and meiosis/mitosis in biology.

il Advantages of Venn Diagrams;

Due to the tact that liitle research has been done in this method, the advantages and
disadvantages of this method are not clear. However, a fow things can be said about the

advantages ol the Venn diagrams method.

a. The big advantage of Venn diagrams method is testing for partial knowledge. For
example, if Coyote (in the example above) was placed in mammal only, the student
will get some credit, bul his knowledge is not as well as developed as putting it in the

mammal / vertebrate overlap.

b. It is a good method for cxamining the linkages between the concepts and investigates
students’ misconceptions. By asking students to label the given concept into a category

may show how this concept links to other concepts. Also if one concept is labelled
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wrongly, a teacher can identify the misconceptions that students have in that particular

concept(s).

¢. They can be used ta provide the teacher with the means of diagnostic assessment of
the pupil’s prior knowledge of specitic concepts in science. This method can be used as
a tool for diagnostic purposes before and after the teaching and learning process takes
place. From the results, a teacher can build the starting point of his teaching and modify

the teaching method(s) he uses.

d. Because it is one type ol fixed response questions, it must be a reliable method and
can be scored objectively. All fixed respense questions avoid the subjectivity in

marking that can oceur with open responsc questions.

e. The visual presentation of Venn diagrams is simple, illuminating and easy to

remember {(Henson ef af., 1979).

iv, Disadvantages of Venn Diagrams:

The disadvantage of this method which could be identified is that it may only be
suitable for some parts of the curricilum that show some kind of linkages between the

concepts. In other words, this method is only suitable for testing the skill of

categorisation.

After the above discussions of some fixed response methods, the key question is “Is
there any other fixed response method that could overcome the problems which the
above methods have?” The answer to this question is “Yes there is”. This method is
called structural communication grids and the current rescarch is intended to investigate
it. However, it is important first to give a background review about this method by
looking to what has been written in the literature. An aticmpt has been made to

investigate the effect of some factors on students’ responses in this method.

2.2.1.5 Structural Communication Grids (SCGs):

L. Introduction:

The are two reasons why theic is a need for finding new assessment methods in
assessing students’ performance in science curriculum. The first one is related to the
internal and external pressur¢ mentioned in chapter one. This pressure is due to the

following reasons:
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Much assessment of the students is carried out, consciously or unconsciously, in so
many different ways and with so many different purposes (Jackson, 1988). This
assessment has a lot of weight and affects the futures of the students. Therefore,
effective assessiment methods are needed,

e ‘The big movement ia the learning and teaching process is resulting in new methods
of teaching. These methods such as, problem solving, help to promote effective
learning and teaching. The assessment process should be paralleled to any
development and improvement in teaching and learning.

e The changing aims of kigher cducation such as mix of academic, vocationa! and
general transferable skills.

e Emphasizing deep learning rather than surface (shallow).

e To save staff time.

The second one is related to the multiple choice questions (MCQs). MCQs have many
disadvantages when used as the main method for assessing students’ performance in
science. As a result of this, science educators have Lo think of different methods that can
maich the requirement of the intemal and external pressure and overcome the problem
of the MCQs. One of the new methods which has been used to assess students’

performance in science is what is called structural communication: grids (SCGs).

e

i, Description of the Structural Communication Grids:

SCGs can be classified as one type of objective testing hecause there is no chance for
subjectivity in marking such questions. They were invented and developed in England
(Egan, 1972; Egan, 1973). They are not well known to teachers and researchers because
of the lack of the litcrature. [Towever, most of the research on SCGs has been carried
out in the Centre for Science Education, University of Glasgow. The reason for SCGs
appearing is the increase in the quantity of students in schools and universities that
affect teacher/students ratio. The loss which is becoming more apparent in increasing
numbers of students is in depth of understanding of the curricular materials learned, and
thus also a loss in the ability 1o use what is learned flexibility and creativity. The
pressures of examinations, which can usually be passed on the strength of the “stored”
information tend to exacerbate the problem (Cgan, 1972). SCGs can be used for
different purposes such as a teaching and learning tool and an assessment method.
Nowadays these questions are quite widely used by the Scottish Qualifications

Authority to assess pupils’ performance in science at both Standard and Higher - Grade
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and mainly in chemistry. At the university level, these types of questions are not

common and it is hoped to see thesc questions in the university examinations in the

future.

Egan described SCGs as a means by which a pupil constructs his response to a problem
by selecling a number of items from the matrix provided (Egan, 1976; MacGuire er al..
1987). In other words, puplls are given a grid or a matrix with different concepts or
stalements from which a selection is made o answer a battery of questions. Different
problems have been asked and students are required to answer these problems based on
the concepts or statements in the grid. In each question or problem. the knowledge
elements are ‘structured’ in such away that, as the student builds his response, the

various patterns and relationships of meaning cmerge (Egan, 1973).

The aim of the SCGs is to present the students in each question with a challenge asking
him/her to organise an undetermined number of items in the grid into a coherent and
satisfactory solution (Egan, 1972; Egan, 1976). In each grid, both the relevant and non -

relevant information for a particular question exist.

The differences between SCGs and MCQs is that in SCGs the student must select as
many pieces of information as he thinks are relevant to answer the question. He must
then order his selection in a logical way to answer'the question. Moreover, in SCGs, the
student does not know in advance how many picces are needed to answer a question
ke in multiple choice questions. The guessing is almost eliminated in this type of
question. SCGs differ from the essay questions in a way that it overcomes the prublem

ol tackling the unmanageable subjective clements that essay questions have.

The appropriate size of the grid depends on the age of the students. At school level,
grids with six boxes are used. However, at university level the number of boxes in the
grid is larger. For example, Tohnstone (1988) used grid questions successfully for first
year students with twclve boxes either 4 x 3 or 3 x 4. For fourth year students grid
questions with sixtecen boxes have been used. Any examiner should consider the age of

his examinee before setting up any grid questions, It is likely that older examinee can

cope with larger grid,
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A Simple Example of SCGs from Chemistry:

Many processes take place in the petrochemical industry.

blending hydration reforming
A B C

polymerisation cracking oxidation
D E I’

Which box(es) contain(s) the process(es) taking place in the production of poly(ethene)

from naphtha?

A B C
D E F

In the above question, pupil needs to draw a circle around the appropriate fetter. The
assessor can ask more than ane question with one or more common options. Therefore,

pupils cannot eliminate any option because it could be used again.

However, the use of the grid questions can go beyond asking direct questions. The
asscgsor can ask pupils to select the relevant information from irrelevant ones and to put
the relevant ones in a logical order. The logical order takes various forms such as the
order in terms of increasing or decreasing of something or in terms of the time the

events happening or the size of something or just a logical sequence of ideas.
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Example of Selection and Qrdering in SCGs from Biology:

The grid below coutains the metabolic reactions which happen during mobilisation of

food stores in seed germination. Use the numbers from the boxes to answer the

following questions. Each number can be used once or more than once.

Activation of embryo

Synthesis of Alpha

Breakdown of Starch to

Amylase Ghucose
1 2 3
Releasing of Gibbercling Synthesis of a Protcase Diffusion of Glucose or
4 5 | Amino Acid to embryo 6
Stimulation of Aleurone Water absorption of seed | Breakdown of Protein to
Layer 7 8 Amino Acids 9

Q1. Which boxes contain the reactions which happen during mobilisation of

carbohydrate reserves in seed germination?

1. Select the relevant boxes? o e,

b. Put your selection into a logical sequence?......ovviveeeivivceeneens

(Relevant boxes and their sequence: 8,1, 4,7, 2, 3, 6)

Q2. Which boxes contain the rcactions which happen during mobilisation of protein

reserves in seed germination?

a. Select the relevant bBoXesT. v e,

b. Put your selection into a logical sequence?..........ccoooiiiivinennn.

(Relevant boxes and their sequence: 8,1, 4,7, 5,9, 6)

iii. Methods of Scoring Structural Communication Grids:

This section aims to give a summary of scoring methods which have been used to score

the selection and the logical order in grid questions. The first part will discuss how to

scorc the selection and the second part will deal with scoring the sequence ordering of

the sclection.
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a. Scorine the Selection:

There are different methods that could be used to score the selection in grid questions.
FHowever, only two methods will be discussed in this section as they scem to be more

logical, fair and are in usc by some institutions.

a.l Method One; Scottish Qualifications Authority:

In the Scottish Qualifications Authority scoring method, the grid questions are divided
into two types; closed and open questions. Closed questions are those questions in
which the assessor indicales to the pupils in the stem of the question how many
selection(s) are required to answer the question. One mark has been allocated for this
type of question despite the number of correct selection(s). A pupil should select only
the correct selection(s) in order to receive one mark. A pupi! will be penalized if more
or less than what is required s selected even if onc of his selections is correct. In terms
of wrong selection(s), there is no mark allocated. Closed questions are easier because
they do not require a lot of thinking from pupils. Furthermore, guessing in this type is

more likely to happen than in open ones.

The second type of question (i.c. open questions) are called open because the assessor
does not indicate in the stem how many correct selection(s) that pupil should make. One
mark has been allocated for each correct sclection. If there are two correet answers then
the pupil will receive two marks and so on. In terms of selecting more than required, he

will be penalised by cutting one mark from his scores (Table 2.1).
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Table 2.1: Number of marks alloeated for each type of selection(s) iu closed and

open questions of the Scottish Qualitications Authority scoving method

Types of Questions
Closed Open
Marks allocated for onc mark for whole 1 one mark for each correct
the correct selection(s) question selection
Select more than required no marks subtract one mark
Select less than required no marks no mark subtracted
Select two, onc correcl and
one wrong if two correct no marks one mark
sclections are required
All selections wrong no marks no marks

Now let us take an actual example of the above method of scoring to make it easy to

understand.

Example of Scottish Qualifications Authority Scoring Method from Chemistry:

* Many processes take place in the petrochemical industry.

blending hydration reforming
A B C

polymerisation cracking oxidation
D E ¥

Q1, Which box contains the process taking place in the production of ethanol from
ethene?

A B C
D I 9

Q2. Which box(es) contain(s) the process(es) taking place in the production of

poly(ethene) from naphtha?

A B C
D E F

The correct answer for question (1) is box B (hydration) and for question (2) are boxes
D and E (polymerisation and cracking). In the example, question 1 is a closed type
question whereas question 2 is an open type question. Il pupil X, for example, answered
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question 1 correctly, then she will be allocated one mark. However, no mark will be

allocated if she got it wrong or selected two options; one correct and one wrong.

For question (2) the same pupil will be allocated two marks if she selected the two
correct answers. But if this pupil selected one correct answer and one wrong answer,
then she will get only one mark for the correct one and no mark for the incorrecr. If she
sclected three answers; two corrects and one wrong, then she will receive only one mark

for the question. Finally, if the same pupi! did not select any correct answer(s), then she

will not gain any mark.

At the school level, the grid questions which are used to assess pupils are dealing only

with the selection part. There is no place for putting pupils’ selections in a logical order.

a.2 Method Two: Method Suggested by Egan:

This method is quite difficult to do by hand, but it is much easier if it is done by
computer or from a pre-calculated table. There is a penalty for wrong selcction.
Therefore, a pupil has to think before answering the questions otherwise he will be

penalized if he makes a mistake by guessing.

The following steps show how to scorc the selection(s) of the relevant information from
the grid using Egan’s method.
Step onc: Calculate the “cosfficient of confusion” using the formula below. Egan

coined the term “coefficient of confusion” as a mean of scoring.

Coefficient of Confusion (Scores) =

No. of relevant ( ¥ ) responses chosen No. of irrelevant (X)) responses chosen

No. of relcvant (¥ ) responses available  No. of irrelevant ( X) responses available

The resultant value of the “coefficient of confusion” range from +1, through 0 to -1.
Step two; The assessor then may decide to multiply or add to the value of the
coeflicient by any factor to reflect lhe importance of the item.

a. [n terms of multiplication, either by the number of correct answer chosen or any other
factor such as 5 or 10, In the muitiplication, there is a possibility that a pupil will get

negative scores.
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b. However, the assessor may decide to add (+1) to the “coefficient of confusion™ to
eliminate the negative. Heve the range value will be then between ¢ and + 2. Then this

can be muitiplied by a factor to reflect the “value’ of the question.

Now let us take an actual example of Egan’s method of scoring the selection. We will
take the example mentioned i page 30. The correct selection of question 1, in this

example, is boxes 1, 2, 3, 4, 6, 7, 8. Suppose that the following students made their

selections as follows:

Student (A)=1,2,3,4,6,7, 8. Student (3)=1,2,3,4,6,7,9.
Student (C) =1, 2,4, 5,6, 8, 9. Student (D} =2,3,4,6,7. 8.
Student (E)=2,3,5,6,7, 8. Student (F) =1,2,3,4,5,9.
Student (G)~=2,3,4,6,7. Student (H}=2,3,5,7, 8.
Student ()= 1,5,6,8.9. Student (J)=3,4,6. 7.
Student (K)=3, 4, 5, 6. Student (LL)=1,2, 5, 9.
Student (M) =13, 4, 6. Student (N) =2, 3, 9,

Student (0) =1, 5, 9, Student (P) =1, 5.

Student (Q) =5, 9.

The scores allocated for each of the above students can be found in the Table 2.2 below,
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Table 2.2: The marks allocated for some students according to their sclection using

“coefficient of confusion” formula

Student No. of Type of Sclection Coefficient of
Selections Confusion (Marks)

A 7 Seven Correct 1

B 7 Six Correct and One Wrong 77036

C 7 Five Correct and Two Wrongs -0.29

D 6 Six Correct 0.85

E 6 Five Correct and One Wrong 0.21

F 6 Four Correct and Two Wrongs - 0.43

G 5 Five Correct 0.71

H 5 Four Correct and Onc Wrong 0.07

1 5 Three Correct and Two Wrongs -0.57

J 4 Four Correct 0.57

K 4 Tluree Correct and One Wrong -0.07

L 4 Two Correct and Two Wrongs -0.71

M 3 Three Correct 0.43

N 3 T'wo Correct and One Wrong -0.21

O 3 One Correct and Two Wrongs - 0.86

P 2 One Correct and One Wrong -0.36

Q 2 Two Wrongs -1

However, the assessor should be very careful when he writes and constructs the test
based on SCGs and scores them by “coetficient of confusion” formula. The number of
answers should not exceed half (1/2) of total number of boxes availabie, otherwise he
will give unfair marks ta his students. Student (F), in the above example, has made a
better selection (four correct and two wrongs) compared to student (P) (one correct and
one wrong), but student (P) received betler scores than student (F) (Scores for student
(F) = - 0.43, whereas for student (P) = - 0.36). The same problem appeared between
students (C) and (N). Although student (C) has better selection {five correct and two

wrongs) than (N) {two corrcet and one wrong), student (N) received better scores than

the student (€7) (Scores [or student (C) = - 0.29, whereas for student (N) = - 0.21).
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After giving example of both scoring methods of selection part of the SCGs, it is worth

giving a summary of the two methods (Table 2.3).

Table 2.3: Compuarison between Seottish Qualifications Authority Scoring Method :
(Method Oue) and Method Suggested by Egan (Method Two) of scoring the 3
selection part of the SCGs ;

Method One

Method Two

Type of

Questions

Questions are divided into

closed and open.,

Questions are not divided.

Partial Mariss

No partial marks in the
closed questions but there is

in the open one.

There is a partial mark which
depends on the selection(s) made

by the pupil.

Less fair because pupil will

not receive any marks if he

Fairer. Pupil will receive marks

on his selection depending on the

Fairness selected more or less than quality of the selection(s) he
required in the closed made.
questions.
There is negative marking but the
Negative No negative marking assessor can eliminate this by
Marking . adding +1 to the value of

“coefficient of confusion™.

b. Scoring the Logical Order of the Selection:

The big problem facing the grid questions is how to score the ordering part of the

selection if it 1s required in the question.

There is a suggestion made by the designer of the computer based assessment package
which is known as Tripartite Interactive Assessment Delivery System (TRIADS),
Mackenzie (1997) suggested three methods of scoring the ordering of the pupils’

selections.

Method One (Exact Match): In this method the answer sequence should be in exact

match with the ideal sequence. The examinec will get either the full marks or zero. It is

a very hard method but it is very useful for the safety of assessment.
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Method Two (Before): In this method, the scores will be allocated to student only

when he puts the statement A is before statement B and statement B is before statement
C and statement C is before statement D and so on; ne matter where they are in the
sequence. Scores ar¢ only allocated for pairs of items if they exist in the manner
described above. An example is the best way to show how this method is working, We
assume that the ideal sequence of a selection in a question is boxes 1, 3, 5, 6, 8, 4, 2.
Student X has the following sequence 4, 5, 3, 6, 4, 8, 2. This student will receive eight
marks out of twelve. The eight marks arc coming from the following:

—> 2 marks because statement 1 came before statement 3.

—> no mark because statement 3 does rot come before statement 5.

= 2 marks becausc statement 5 came before statement 6.

—=> 2 marks because statement 6 came before statement 8.

= no mark because statement 8 does not come before statement 4.

= 2 marks because statement 4 came before statement 2.

From the researcher’s point of view, this method does not really rcflect the linkages of
the ideas in the student’s mind. In addition, what about the first and the last statements
if they are placed in the wrong positions. Consequently, there should be another method

which may overcome the limitations existing in the above two methods.

Method Three (Before and Next To): This method looks more realistic and fair

compared to the other two metheds. The marks will be altocated only if the statement A
comes before and next to {(or adjucent to) statement B, statement B is before and next to
statement C and statement C is before and next 1o statement D and so on. Scores are
allocated for each pair of items in the ideal sequence. In this method, the assessor may
want to divide the two marks between the before condition and the next to or adjacent
condition, For example, suppose that the ideal sequence of a selection in a question is
boxes 1, 3, 5, 6, 8, 4, 2. One student has the following sequence 1, 3, 6, 5, 8, 4, 2. This
student will receive six marks out of twelve. The six marks are coming from the

following:

—=> 2 marks because statement 1 came before and next to statement 3.
—> no mark because statement 3 came before but not next to statement 5.

=> no mark because statement 5 does not come before statement 6.
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= no marks because statement 6 came before but not next to statement 8.

=> 2 marks because statement 8 came before and next to statement .

= 2 marks beeause statement 4 came before and next to statement 2.

Let us now look to the following example as an application [rom science to the three

methods ol scoring the logical order.

Example of Scoring the Logical Order from Biology:

The grid below contains the metabolic reactions which happen during mobilisation of

food stores in seed germination. Use the numbers from the boxes to answer the

following questions. Each number can be used once or more than once.

Activation of embryo

Synthesis of Alpha

Breakdown of Starch 1o

Amylase Glucose
1 2 3
Releasing of Gibberelins Synthesis of a Protease | Diffusion of Glucose or
4 5 | Amino Acid to embryo 6
Stimulation of Aleurone Water absorption of seed | Breakdown of Protein to
Leyer 7 8 Amino Acids 9

Q1. Which boxes contain the reactions which happen during mobilisation of

carbohydrate reserves in seed germination?

a. Select the relevant boxes . e,

b. Put your selection into a logical sequence?................cooveviivinnnn,

(Relevant boxes: 1,2, 3,4, 6,7, 8)

The ideal sequence of the above question is boxes 8, 1, 4, 7, 2, 3, 6. We took four

students who answered the sequence part as an example.

* Student A has the following sequence: 8, 1,4, 7, 2, 3, 6.

* Student B has the following sequence: 8, 4,7, 1, 3, 2, 6.

* Student C has the following sequence: 8, 3, 1,7, 5, 4, 6.

* Student D has the following sequence: 8, 1,3, 7,4, 2, 6.
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To know the numbcer of marks allocated for each individual student above, see Table 2.4

below,

Table 2.4: Marks allecated for each of the four students according to their order of

the selection in the example above

’%*: e Marks
Student Method One Method Two Method Three
(Exact Match) (Before) {Before and Next To)
A 12 12 12
B 0 8 2
C 0 6 0
D 0 8 2

From the researcher’s point of view, Mackenzie’s third method (Before and Next te) is
the most convenient method of scoring the logical order of the students’ selections. This
is because although Mackenzie’s method two gives students more marks bul it does not
show exactly the fogical order and the linka.ge of the ideas in the students’ minds,
Mackenzie's method onc (Exact Match) is very hard and it is difficult to apply if the

student has to order many pieccs of information logically.

v, The Use of Structural Communication Grids:

SCGs can be used for various purposes. Johnstone (1988) lists the use of grid questions

as follow:

a. Testing the ability to categorise and dig into concepts: the examiner can use grid
questions to ask students to categorisc the given concepts. Moreover, he can use the

technique to determine the misconceptions and misunderstanding a student has ol the

given concepls.

b. Testing the ability to sequence ideas: the examiner can ask students to sequence their
selections logically. This will help an examiner to determine the problem that students
have in any process. For example, the examiner might discover that the students did not

understand part of Kreb’s Cycle in biology when she asked them to order the steps of

the cycle logically.
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¢. Testing descriptions or procedurcs: the examiner may ask students to select the boxes
that describe something. For example, to select the boxes to describe the mitosis process

in biclogy or formation of the solid sodium chioride from solid sodium and gaseous

chlorine in chemistry.

d. Testing deductions and inferences at various levels: here the examiner gives students
a variety of statcments in the grid. Then, the student can put them in different ways
which show the degree of understanding and level of the complexity of the deductions
and inferences, The examiner may say to students that he has an idea in his mind and
certain boxes are examples of that idea and certain boxes are not. Then, he asks students
to give other examples of thal idea. For example, the examiner has-an idea about
Phylum Mollusca in biology and snails, slugs and clams are examples of this phylum
whereas Trichinella spiralis is not an example, then students have to recognise the

common [actor(s) and use them to extend the selection.

v. Advantages of Structural Communication Grids:

Although little research has been done in SCGs, it seems that using such technique has
several advantages. The following points highlight these advantages (Egan, 1973,
Duncan, 1974; Johnstone ei al, 1979; Johnstone e/ 'al., 1983; Gallacher, 1984,
Mac(Cuire er al., 1987; Johnstone, 1988; Johnstone et ol., 2000},

a. Can be used to provide the teacher with the means of diagnostic assessment of the
pupil’s prior knowledge of specific concepts in science. Gallacher (1984) suggested that
structural communication is a useful alternative to the traditional methods of diagnostic
assessment. A teacher may design a few grid questions in a topic (e.g. oxidation-
reduction) to provide him with the knowledge that his pupils have about that topic.
Moreover, the grid questions can provide the tcacher with the existing type of
understanding (partial or complete) in 4 pupil’s mind. If the pupils have only partial
understanding of the topic, then the teacher could base the starting point of his teaching
of that topic based on this understanding. One of the recent studies on SCGs as a tool of
diagnostic assessment was carried out by Bahar (1999). He used grid questions to
examine pupils’ misconceptions in some biological topics such as food digestion and

the chemistry of respiration at secondary and tertiary levels.

b. Allowing an objective measurc of the higher level intellectual skills. Cne of the

criticisms of the fixed response mcthods of assessment, as it was mentioned previously,
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is their lack of testing the high order skills. These skills have becn asscssed by essay
questions which have problems of reliability and objeclivity. Structural communication
grids can replace the essay questions to measure these skills objectively and score them
in a reliable way. SCGs demand two of the same skills as an essay: the ability to

separate relevant information from irrelevant and to present it in a logical way.

e. It is objectively markable with a highly reliable technique of testing. A study by
Gallacher (1984) showed that grid questions are reliable even if the grids are presented
in different shapes (c.g. 3 x 4 or 4 x 3) and when the information is arranged in a
variety of ways across the grids. He concluded that this type of questions could be use

to extend and increase the objectivity of extended answer questions. This is due to the
nature of the grid questions which do not require any writing or expressing ideas by
writing. Thercfore, there is no subjectivity in the marking process. The problem of
reliability and objectivity that some assessment methods possess can be overcome in

grid questions.

d. It is onc way of looking to the concepts that studenis have in their minds. The
examiner has a mine of information about student’s knowledge. From the pupil’s
selection, the examiner is able to know what a pupil has corrcetly chosen and what has
been wrongly chosen. Also the examiner can dctermine the correct ideas which have
been omitted. Furthermore, by asking pupils to place their selections in logical order,
the teacher is able to identify the sort of linkage that each pupil has in his mind. In

addition, the teacher is able to discover which concept(s) were not understood.

e. Can be used instead of the essay type questions. The major problem facing essay type
questions is the lack of objectivity and the reliability of marking. As was mentioned in
point {b) above, §CGs are highly reliable and objective in marking. An assessor may
use it as an alternative method to essay questions. Essay questions require students to
write and cxpress their ideas in a paragruph. The examiner can put the statements of
such a paragraph in a grid form and ask students to decide and select the information

that he wishes to include in his paragraph and then construct a coherent unit from this

information.

f. The contents of the boxes can be words, phrases, pictures, equations, definitions,
numbers, formulae and so on. In other words, the contents of the boxes can be varied, so

that they can be made suitable for visual as well as verbal thinkers,
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vi. Disadvantages of Structural Conununication Grids:

The rescarcher could not find any researches done on the disadvantages of SCGs. It is
important to note that more research is needed to identify the limitations and problems
of SCGs. However, one major aim of this résearch is to investigate and examine it there

are any limitalions in the use of grid questions in assessing students’ performance in

science.

Nevertheless, one point which should be mentioned under the heading of the
disadvantages of SCGs is that of the size of the grid (i.e. the number of boxes in the
grid). A lot of mental effort is involved in choosing the relevant responses from a large
grid (Duncan, 1974). Therefore, the teacher must use the appropriate size of the grid

that matches the level of pupils” study.

2.2.2 Open Response Questions:

2.2.2.1 Iniroduction:

Open response questions (essay questions) are another type of question widely used to
assess students’ performance in a science curriculum. Essay questions and MCQs have
become the two most popular formats of questions employed in the construction of
classroom achievement tests (Zeidner, 1987). The emphasis on using open response

questions arises from the view that not everything in science can be assessed by fixed

response queslions.

2.2.2.2 Advantages of Open Response Questions:

There are many advantages and benefits of using open response questions in asscssing
students’ performance {(Gronlund, 1971; Entwistle ef al., 1991; Entwistle er al., 1992;
Knutton, 1994; Aiken, 1997; Verma et al., 1997, Black, 1998).

a. Easy to set and prepare. This is one of the most attractive points of thc open response
questions to many assessors. These questions, as opposed to MCQs, do not require a lot

of time to set and prepare. The assessor s not required to find plausible distractors to

avoid pupils’ guessing.

b. They encourage a dsep approach to understanding during pupils’ studying and
revising. If pupils expect open response questions in their exam, they will adopt a

deeper approach to understanding. Open response questions are not thosc questions
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which ask pupils 1o select from the given alternatives, but are questions in which the

pupil has to express his idcas and show his abilities,

¢. One criticism of MCQs is their inability to assess higher order skills. This limitation
can be overcome by using open response questions. The examiner can use open

response questions to measure the higher order skills such as synthesis, analysis and

evaluation.

d. They require complex structures of knowledge and reasoning to be explored and
there 1s an opportunity that pupils can express their own ideas. MCQs penalise the
creative pupils because they do not give these pupils a chance to show their creativity
and express their ideas. Open response questions, by contrast, give pupils space and
opportunity to show their creativity and explore the pupil’s capacity to select, assemble

and 1ntegrate various facts of knowledge and understanding and to explain, and

evaluate.

e. Therc is no chance of guessing. In open response questions, pupils need to recall and
supply answers rather than recognise already supplicd answers. However, the guessing
comss in question spoiling. Since exiended answer questions are few in number,

students can guess the topic that will come and learn these only.

t. They may be more valid instrument than MCQs in assessing what is intended to
measure. As it was mentioned in section 2.2.1.1 that MCQs have the problem of the
validity; open response guestions seem to have better validity because they require from
students to write and express their ideas. Moreover, it is a valid method of assessing

pupils’ higher order skills and abilities.

2.2.2.3 Disadvantages of Open Response Questions:

Open response questions, like any type of assessment format, have some limitations and
disadvantages. It has been emphasised again that it is important that the assessor

determines the intended outcomes to bc assessed before choosing the assessment

methods.

The following points summarise some limitations of using open response questions
(Stenhouse, 1963; Gronlund, 1971; Chapman, 1973; Bray, 1986; Lorsbach ef a/., 1992;
Capper, 1996; Child, 1997; Black, 199%).
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a. They are a less reliable type of question, One of the criticisms of open response
questions is the subjectivity when marking. I+ is difficult to find two martkers who give
the sume marks to one student in essay questions. [t is argucd that the reliability
coefficient of essay questions can reach 0,30, which is very low compared to the
reliability coefficient of MCQs which should be 1.0 (Cniversity of London, 1976). The
problems of presentation and handwriting may play a part in marking pupils’ essay
questions subjectively. However, marking criteria (schemes), set up before the murking
process takes place, may help to reduce the problem of subjectivity of open responsc

questions.

b. Tt is very difficult to cover a substantial portion of a syllabus using essay type
questions. One feature of open responsc questions is pupils have 1o wriie sentences in
order to answer the questions. Therefore, it is not easy to ask pupils many open

response questions in two howrs exam.

¢. There is a danger that student can write for an hour about something without
necessatily saying anything sensible or getting his facts correct or covering properly
even the main points of the topic and without eventually gaining marks. Nonetheless,

this can be reduced if the given questions are highly structured and clear.

d. Sometimes a student xnows the answer to the given questions but he cannot present

the ideas in a coherent manner. Thus, a student loses marks although he knows the

correct answer,

e. Amount of time requiring for scoring the answer. It takes a long time to score open
response questions even if the scoring guidelines are well defined. This is why many
teachers favour MCQs to assess students in higher education. [f onc teacher has more
than 600 students in one course, he needs meany hours to mark a test based on essay

questions.

2.3 Computer Based Assessment;:

2.3.1 Introduction:

There is a tendency these days towards using information lechnology (IT) in every
single part of life. The key question which should be asked here is, “Is there any role

Jor information technology (i.e. computer) in students’ assessment in science? .
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The reasons for including this section in the theoretical part of the thesis are because:
firstly, part ot the research was administered to students using computer based
assessmerit packages. Sceondly, a computer program for SCGs was specially designed
to enable pupils to use them for self - assessment and to facilitate marking grid

questions by encouraging teachers to use them.

Computers and audiovisual media have become widely used at many levels of
education as a wholc and especially in science instruction (Gidding er al., 1991). There
have been enormous ranges of methods, approaches and techniques designed to

improve science instruction which are supposed to help students fearn science better.

In the area of assessment, most use of the computer has been for statistical and scoring
purposes. However, more recently there have been movements to use computers as a
tool for delivering assessment to students, mainly for self - assessment and formative
purposes, New software has been produced and designed for the purpose of using the
computer as a tool for assessment, such as Question Mark (QM) for Windows anc

Tripartite Interactive Assessment Delivery System (TRIADS).

At the beginning, such packages deait with questions mainly in the multiple - choice
format. However, as the progress of developing such packages becomes more effective,

other methods of assessment may be introduced.

2.3.2 Advantages of Computer Based Assessment:

Using the computer as a tool f[or assessment has many advantages (Jackson, 1988,

Leonard er al., 1997, Bowen, 1997).

a. Students like rapid feedback. This is one of the greater advantages of using
information technology as a tool for assessment. The computer has the ability to mark
the questions immediately after the students have answered the test. it displays the
scores Lo students so that they know their answer is right or wrong. Students are able to
identify their strengths and weaknesses in the course. The immediate feedback is a

crucial part of the learning process,

b. A useful management tool (either for construcling or administering test) for keeping
track of studcnts’ grades. It enables information to be presented in different ways to

meet the needs of different audiences such as teachers, students...etc.
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e. A useful method to know how students were achieving in the learning objectives of
the course. In higher education computer bascd assessment becomes very impaortant
because of the increase number of students in one course and the consequent inerease in

the time spent by staff on asscssrment,

The study by Leonard and her colleagues (I.conard ef al., 1997) about the first year
biology course at the University of Glasgow, where the number of students in one class
was over 350, identified a degree of concern about knowing how students were

achieving learning objectives of the course as it is progressed.

d. Self - assessment in the students’ own time, at their own pace, when they are ready.
Students can use the coniputer to practise similar types of questions they have at the end
of the_ year. By doing this students become more familiar with the type of questions they
are likely to meet in the formal exams. TFurthermore, at the university level, it is not
necessary that each siudent has the same timctables. Therefore, computer based

assessment for self - assessment purposcs allows students to practise at any time which

suits them.

e. Increase students’ confidence. Computer based assessment has a flexibility that
allows students to practise more than once, This will help them to be more confident in
answering questions. Also more practice of such questions helps students to be more
confident in the subject. At the end, students become more confident with the format of

the final exam questions.

f. Staff can be alerted sooner to adapt their teaching. The computer has the advantages
of keeping a record of the students’ responses. Some of the computer based assessment
packages have the ability to calculate the facility value and discrimination index for
each question in the test. The teacher can use the statistical analyses of each question to
identify which parct of the course has a problem or weakness that needs some
improvement. Morcover, from the statistical analyses, lhe teacher may discover that
his/her teaching method needs to be changed or modified to imprave the quality of the

learning process.

g, Question banks. One possibility for electronic generation of tests, is the selection of
questions from a bank. Tcachers can produce a bank of questions and select from the

bank a test for revision and self - assessment purposes. The bank can also be used to

meet a test specification.
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h. Rapid recording and analysing of the test data. [t is the most immediately obvtous
and most easily accessible use of technology to assist assessment. Some computer based

assessment packages have the ability to store the results that can be transferred from the

package to different statistical packages and vice versa.

2.3.3 Limitations of Computer Based Assessment:

Computer based assessment has several limitations that prevent teachers from using it

as a tool for assessment (Leonard er af., 1997).

a. Computer literacy. Not all the students are familiar with a computer, Although most
ot the computcr based assessment packages are easy to use, it is difficult to make sure
that all the students bave the skills to use the computer especially if it is used for
summative assessment. An introductory cowurse in information technology at the

beginning of the course may be necessary to eliminate or reduce this limitation.

b. Reliability of the system. A fault in the computer can cause big problems for students
and may result in the loss of important data. 1t is important that somebody should be
able to rcact quickly if there is any fault in the computer system. This problem can be

worsc if the computer machines arc used to deliver the test for summative purpose.

¢. Concentration problems and headaches. This problem is related to the computer user
who has health problems when using a computer. Some students have health problems
in spending quite a lot of time in front of a computer, such as headaches,
allergies........ etc, Therefore, teacher should make sure that, if he is going to use the
package for summative purpose, no student has any health problem with computers.

Any assessment process must not physically harm any student.

d. Security considerations. This point is related to the security of using computers as a
tool of delivering assessment Lo students. There are possibilities that:

¢ The student which is supposed Lo sit the test, is the one in the front of the computer.

e Students copying {from each other’s visual display screens.

e Students may gain entry to (iles where the marks are stored.

e. Availability of the computers for the whole class. In most universitics, the number of
computers is not enough to deliver the test to the whole class at the same time. This is
really a big problem in using computers for summative assessment. For example, 600

students require 600 computer machines to do the test at the same time.
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2.3.4 Examples of Computer Based Assessment Software Packages:

2.3.4.1 Question Mark ({QMY:

i Infroduction:

Question Mark (QM) for Windows is one of the world’s leading computer software
packages for computerising tests, assessments and surveys under Windows, It consists

of four compoﬂents (Dempster, 1994):

1. Designer for creating questions.

2. Presenter for answering the questions.

3. Snapshotter for capturing screen images from other Windows applications.

4. Reporter for data analysis and report marking of answer scores. Reporter can produce

the test reports in three forms:

e List: test report includes the name of the test, user name, score and data for each

answer file selected.

¢ Summary: test report includes the maximum, minimum and average score and time

of completion of selectled answer files.

® [ull: test report includes the details of the answers for each question,

In terms of the statistical factors, the package has the ability to calculate the average
score, standard deviation, facility value and the discrimination index for each question

of the test.

it. Types of Questions:

Question Mark (QM) cnables teachers to ask different types of questions in any topic in
any subject. Examples of these questions are multiple choice questions, multiple
responses, matching questions, true/false and numeric questions (Adams ef al.,, 1998).
Nonetheless, most of these questions are MCQs or a modification of MCQs. They have

all the disadvantages of the multiple choice questions mentioned earlier.

During the process of sctting the test, the test designer should define the way the

questions are presented, which answer is right and the type and time the tfeedback

appears to students in the computer serecn.,




{t. How Does Question Mark (OM) Work?

In order for the examiner to design the test, he must use the Question Mark designer,
Students cannot see the set up of the test. They can use the test onty from the presenter.
Introductory inlormation, at the beginning of the test, is important to give students the
full information about the test and what is required from them to answer the questions.
The package allows the students to use the test several times unless the test designer has
set up the test for only one time usage. Furthermore, the package allows students to
move forward and backward in the test or to jump within the test allowing different

directions to be taken depending upon the answers chosen.

The test designer determines the number of peints allocated to each question. The score
may be positive, zero or negative. Both the scores and the feedback can be displayed
after each question or at the end of the test if the package is used for sclf - assessment or
formalive purposcs. If the test is for self - assesérnent or formative purposes, then the
immediale feedback will be very valuable. The time allocated to finish the test can also
be delermined by the test designer. He may allow students to complete the test when the

student is ready or to specify a time by which each student must finish the test.

One advantage of Question Mar