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A list of compound variable abbreviations

aanp - the number of pupils in the teaching group or class

ac - Academic Self-concept (in general)

acm - Academic self-concept subscale M: Academic Self-concept in Numeracy work

acr - Academic self-concept subscale R: Academic Self-concept in literacy work

acs - Academic self-concept subscale S: Academic Self-concept in Learning and
School work

af_com - teachers’ personal attitudes towards computers

af_oac - teachers’ perception of effects on pupils’ academic achievement resulting
from the use of computers

af_owk - the extent of the perceived teaching workload resulting from the use of ICT
to support subject teaching

apit - the specification of ICT in teachers’ weekly planning

apso - the planning of specific activities to support any computer programs that the
teacher use

asad - the adaptation of programs to make ICT suit those with special needs

at_ma - Attitude towards maths (group/class level)

at_re - Attitude towards reading (group/class level)

at_sh - Attitude towards him/herself and school learning (group/class level)

auc - Attitude towards using computers

ccom - the frequency of computer use by the class

chl_f1 - Personal challenges i.e. knowledge & skills about using ICT

chl_f2 - Psychological challenges i.e. personal interest, expectation and concerns

chl_f3 - Institutional and work-related challenges i.e. duties, workload and time
available

chl_f3 - the extent of institutional and work-related challenges perceived by the
teacher in relation to the classroom usage of ICT

chl_f4 - Practical and resource-related challenges i.e. the need for reliable equipment,
technical support and additional supports for pupils

chl_f4 - the extent of the practical challenges perceived by the teacher in relation to
the classroom usage of ICT

com - Competence in using computers (self-rated)
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cperi - the number of hardware/software add-ons on the computers

cu - the frequency of using computers for curriculum purposes

it_psk - the percentage of pupils in class who use a computer at home

it_tsk - teachers’ IT skills and knowledge

lcn - Concentration in learning

Ima - Learning motive subscale A: Achievement motivation

Imd - Learning motive subscale D: Deep learning motivation

Ims - Learning motive subscale S: Surface learning motivation

Is_f - Concrete experience (CE) [teacher-level data]

Is_h - Reflective observation (RO) [teacher-level data]

Is_k - Abstract conceptualization (AC) [teacher-level data]

Is_kf - Abstract-concrete (AC - CE) [teacher-level data]

Is_kft - Abstract and concrete (AC + CE) [teacher-level data]

Is_o - Active experimentation (AE) [teacher-level data])

Is_oh - Active-reflective (AE - RO) [teacher-level data)

Is_oht - Active and reflective (AE + RO) [teacher-level data]

Is_ro - teachers’ learning with reflective observation mode of orientation

Isa - Learning styles subscale A: Concrete Experience [pupil-level data]

Isb - Learning styles subscale B: Reflective Observation [pupil-level data]

Isc - Learning styles subscale C: Abstract Conceptualization [pupil-level data]

Isca - Relative position on prehensive dimension of learning (Abstract
Conceptualization - Concrete Experience) [pupil-level data])

1sd - Learning styles subscale D: Active Experimentation [pupil-level data]

Isdb - Relative position on transformative dimension of learning (Active
Experimentation - Reflective Observation) [pupil-level data]

nt - Value on Software Interactivity

o_zaa - Academic attainment

o_zbk - Home background

0_zma - Maths attainment

o_zpp - Non-verbal ability

0_zpV - Picture vocabulary

o_zre - Reading attainment

o_zsc - Science attainment



0_zwe - Context score

p.coll - teachers’ preference for collaborative activities as opposed to individual
activities

p_ict - the preference for teaching with ICT as opposed to without ICT

p_ict - the preference for teaching with ICT as opposed to without ICT

p_lang - the preference for teaching literacy as opposed to numeracy

p_open - the preference for teaching with open activities as opposed to closed
activities

p_pma - Maths prior value added

p_pre - Reading prior value added

P_psc - Science prior value added

p_pup - teachers’ preference for pupil control in learning as opposed to teacher
control

p_zpr - Academic prior value added

pcom97 - the opportunity for a typical pupil in class to have a turn on the computer

pr_ff1 - the implementation of teaching practice as a habitual action or routine

pr_ff3 - implementation of teaching practice with critical reflection

pr_ff4 - implementation of teaching practice with premise self-reflection

ptim97 - the amount of time that a typical child spent on the computer during an
average week

r_voaa - Academic learning gains (group/class level)

r_voma - Learning gains in maths (group/class level)

r_vore - Learning gains in reading (group/class level)

r_zoaa - Academic learning gains (pupil level)

r_zoma - Learning gains in maths (pupil level)

r_zore - Learning gains in reading (pupil level)

r_zosc - Science learning gains (pupil level)

sc - Social Self-concept

tchl - Challenge variables in general (barriers & supports)

td - teachers’ inclination towards the use of ICT in the classroom

tm - Time Management

tp - Teacher-pupil relation (perception of)

zat_ma - Attitude towards maths (pupil level)
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zat_re - Attitude towards reading (pupil level)
zat_sc - Attitude towards science (pupil level)

zat_sh - Attitude towards him/herself and school learning (pupil level)

Remark: When the variable abbreviation contains "97" or "98", it means that the data of the variable

was collect in the academic year 1997/98 or 1998/99, respectively.
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Abstract

This thesis searches for an effective pedagogy with the use of computers or other
types of information and communications technology (ICT) from the perspectives of

pupil leamning and reflective teaching.

It begins with a review of factors that make learning and teaching with ICT effective
on the ground of contemporary theories and models of learning and teaching. A model
of effective curricular learning and teaching with the use of computers or ICT is

proposed. It is used as the framework of investigation throughout the thesis.

The investigation of learning looks at the interaction between computer-specific
characteristics and other learning-related characteristics of primary pupils. It also
investigates the in-school and out-of-school usage of ICT, subject differences,
grouping and gender differences. The investigation of teaching and/or instruction
looks at the combination of factors that affect each type of leamning outcomes. With
consideration into the causal relationships, the results are linked together to form as a
path model. The measurement of effectiveness includes learning progress (i.e.
educational value-added) and learning attainment of primary pupils, their developed
abilities, and their attitude towards learning and towards themselves and school

learning.

The results show that the model helps to illuminate the inter-relationships between

different components of learning and teaching. In particular, the interrelationships

XXV



between teacher characteristics, teacher's practical knowledge, reflection and
instructional practice concerning the extent of computer use. It is recommended as a
framework for other investigations into effective use of ICT or the development of

pedagogy with the use of ICT.

Furthermore, a framework of promoting the use of ICT to support subject-based
learning and teaching is proposed. It is examined in four classroom-based research
and development projects. The findings show that it is applicable to different subject

curriculum, to a spectrum of school-based learning contexts and to different features

provided by computers.
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relevant to you. The descriptions below are designed to help you to find the
specific sections of the thesis, according to the topics of interest presented as

below.

Focus 1: The significance of this study, major findings, implications and suggestions

An overview of the background and the

research needs concerning educational = See Chapter 1 Section 1-3
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e A summary of major research findings, = See Chapter 7 Section 7-1
conclusions and major contributions of (Page 782 - 807)
this thesis.
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e An overview of effective teaching and = m See Chapter 2 Section 2-1
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A review of learning theories and their
pedagogical implications, with special
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An overview of and an investigation
into some computer-specific and
learning-related characteristics
affecting human-computer interaction,
and learning effectiveness.

Other factors affecting the
effectiveness of leaming with ICT,
including in-school and out-of-school
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preference, grouping and gender.
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See Chapter 3 Section 3-1-1
L!!J (Page 125 - 140)

M See Summary of Chapter 3
== (Page 270 - 274)
See Chapter 3 Section 3-1-2 and
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232)

See Chapter 3 Section 3-2-1,
ﬂ.lJ Section 3-2-2 and
Section 3-2-3.
(Page 234 - 238, 239 - 253
and 254 - 269)
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Focus 4: Pedagogical and instructional factors affecting the effectiveness of subject teaching

and learning supported by ICT

An overview of and an investigation
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instructional factors affecting the
effectiveness of using ICT to support
learning and teaching.

An investigation into the inter-
relationships between these factors,
including the clarification of causal
relationships.

=

JiLl.n See Chapter 4 Section 4-6-2 'A
—— summary of findings and
discussion' (Page 475 - 485)
See Chapter 4 Section 4-2,
Section 4-4 and Section 4-
5-1. (Page 284 - 361, 367 -

416 and 417 - 441)

. See Chapter 4 Section 4-5-2
L] (Page 442 - 459)
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e A framework for supporting primary = ias See Chapter 6 Section 6-1,
teachers and pupils for effective == Section 6-6 and Summary
classroom-based learning through the of Chapter 6
use of ICT. (Page 659 - 667, 757 - 777

and 778 - 779)

XX



Research and development project 1:
Using  spreadsheets on portable
computers to develop  mental
calculation skills through prediction of
number patterns in Year 4.

Research and development project 2:
Improving reading and spelling for low
achievers and children with special
educational needs in Years 4 to 6 using
a text-to-speech support facility on the
computer.

Research and development project 3:
Using two multimedia software
applications to foster the reading
development and the understanding of
science topics in Year 6.

Research and development project 4:
Using computers for in-class and out-
of-class learning in Year 3.

See Chapter 6 Section 6-2
(Page 668 - 681)

See Chapter 6 Section 6-3
(Page 682 - 700)

See Chapter 6 Section 6-4
(Page 701 - 727)

See Chapter 6 Section 6-5
(Page 728 - 756)




Chapter 1

Introduction: An outline of this thesis

The aims of this chapter are to:
e provide an outline of the scope of this thesis,
e introduce the methods of study and presentation, and

e justify the significance of this thesis.



- A list of the sections in Chapter 1 -

(1-1) The scope and organisation of this thesis
(1-2) Methods of study

(1-3) Background and significance of this thesis

- End of the list -



(1-1) The scope and organisation of this thesis

What is this thesis about?

This thesis investigates the effective use of computers to support the learning and
teaching of literacy and numeracy in primary education. Attention is paid to the
learner’s characteristics, pedagogy, teacher reflection, teacher learning and
development as well as to the classroom practices of teachers, pupils and external

developers who want to promote the use of computers for subject-based learning.

The thesis begins with an introduction chapter (Chapter 1), which provides an outline
of the scope of this thesis, the methods of study, the organisation of the content, the
background and the significance of the work. This is followed by (Chapter 2) a review
of literature about the use of value-added measures (or “evidence-based” data) as
performance indicators and about theoretical models of effective teaching and
learning. A model of effective curricular teaching and learning supported by
computers is proposed as the framework of investigation throughout the thesis (i.e.

Illustration 12-2K).

The investigation of learning (Chapter 3) supported by computers is carried out after a
review of some contemporary learning theories relevant to the use of ICT. It addresses
learning from the perspective of human-computer interaction. Some other factors
affecting the effectiveness of learning with ICT are considered. These include in-
school and out-of-school usage of ICT, subject differences, grouping and gender. The

investigation of teaching and/or instruction (Chapter 4) supported by computers is



carried out on the basis of a literature review of some selected issues. The results
provide an updated picture of current classroom practices and the information about
recent trends/movements in pedagogical and instructional practice with the use of ICT
in primary classrooms in the UK. Potential factors affecting each type of learning
outcome measure and possible causal relationships between these factors are
explored. This is followed by an extended investigation (Chapter 5) into pedagogy,
teachers’ reflective thinking, learning and development and the challenges
encountered as a result of using computers. The results demonstrate the
interrelationships between teacher characteristics, practical knowledge and

instructional practice as well as giving support to the model proposed in Chapter 2.

Furthermore, a framework for promoting the use of ICT to support learning and
teaching of literacy and numeracy is proposed (Chapter 6). The results of and the
experience gained from four classroom-based research and development projects
examine its appropriateness. These projects address various aspects of the primary
curriculum, different features provided by computers and a spectrum of learning and
instructional contexts. The findings and inferences made in the previous chapters are
supported and a refined framework for promoting the use of ICT to support subject
teaching and learning in primary school is proposed. Preliminary findings also show
that it has great potential to be used as a framework for promoting the use of ICT for
out-of-school learning. Finally, the final chapter (Chapter 7) provides a summary of
the major contributions of the thesis, identifies some implications and gives
suggestions for classroom practice and future research and development work in

learning and teaching supported by computers.



The focuses of investigation above are inter-related. The investigation of effective
curricular teaching and learning supported by computers is informed by several
theoretical models or frameworks of investigation in this thesis, including the
framework for an investigation into learning in Chapter 3 (i.e. Illustration 13-1B), the
framework for an investigation into some pedagogical and instructional factors
affecting the effectiveness of educational use of ICT in Chapter 4 (i.e. Section 4-3 and
Section 4-6) and the framework for an investigation into the development of a
pedagogy supported by ICT through teachers' reflective thinking and practice in

Chapter 5 (i.e. Illustration 15-2D and I5-2E).

In this thesis, the challenge of creating an effective learning environment supported by
ICT is regarded as a complex problem. The seek for a technical solution, such as
finding variables associated with effective learning or effective teaching alone, is not
good enough to equip teachers or instructional designers to tackle the challenge. The
effectiveness of learning and teaching supported by the use of ICT is affected by the
combination of a range of learning and instructional variables associated with a
specific learning context. Therefore, teachers and instructional designers need to make
adjustments between the theoretical and practical aspects of their own pedagogy
according to the characteristics of the instructional environment. Reflective teaching
is promoted in this thesis because it provides the strength for making changes in

pedagogy and it is an interface for teacher learning and development.

The model of effective curricular teaching and learning supported by computers is
built around three major parties: the teacher, pupils and the computer/ICT. The

learning activities in the model often take place as the interaction between them (i.e.



Illustration [2-2L). When applying the framework to support primary teachers and
pupils for effective classroom-based learning through the use of ICT, the interaction
between the teacher, the pupils and the external developer becomes the focus of
investigation in Chapter 6 (i.e. Illustration 16-1A). An external developer is the person
responsible for promoting and supporting pupils and teachers in the use of
computers/ICT for effective learning and teaching. When applying the framework to
support the use of ICT for out-of-school learning, the focus of investigation is the
interaction between the parent(s), the pupil and the external developer(s) (i.e.

Illustration 16-2A).

Before moving on to the next section, it is worthwhile to draw attention to some
concepts that will frequently occur in the thesis. The purpose of this is to keep readers

away from conceptual confusion. They are listed as below:

Effectiveness

In this thesis an operational definition of effectiveness has been adapted.
Effectiveness is assessed by pupils’ learning attainment, learning progress, attitude
toward literacy and numeracy, toward themselves and their school learning. Their
verbal and non-verbal abilities are also taken into consideration. The data is mainly
based on the value-added data provided by the Curriculum, Evaluation and
Management Centre (CEM) at the University of Durham. It is one of the world’s
largest monitoring centres in education and the work of the centre is at the forefront of
education research in evidence-based education (Cohen et. al., 2000). Besides this,

effectiveness is also evaluated by data obtained from the administration of some other



tests (e.g. standardised reading and maths), interviews and questionnaires (e.g.
closed/open-ended). Further description about effective teaching and learning is

available in Chapter 2.

Computers and/or ICT

The computer is the major and the most common type of information and
communications technology (ICT). However, there are also other types of ICT. In this
thesis, other types of ICT include calculators, video cameras, digital cameras,
electronic keyboards, fax machines, spell-checkers, turtles and roamers. The reason
for using both terms in the thesis is that the term “ICT” was used in some of the
instruments when they were administered. For example, both terms were used in the
teacher survey in 1997/98 when it was administered by the team at University of

Durham, in collaboration with the team at University of Newcastle upon Tyne.

However, the present thesis does not deal much with other forms of ICT. Readers
.

should bear in mind that whenever a generalisation about ICT is made in the thesis, it

applies primarily to the computer. In this thesis, the usage of computers is focused on

teaching and learning. Other types of computer usage, such as using computers for

school administration or the teacher’s record keeping, are not within the scope of this

thesis. Nevertheless, both computers and ICT are tools for learning and teaching

purposes. They are different from information technology (IT), which is a subject in

the school curriculum.



Pedagogy and/or instruction

In continental Europe, the term “pedagogy” began to exist in the seventeenth century.
In the nineteenth century, with the work of Pestalozzi and Herbart, pedagogy was
regarded as a science of teaching. There were concerns about theory because

education was a subject of enquiry and study.

In contrast, Simon (1999) claims that there is no pedagogy in England. In the last
century, pedagogy was neglected mainly because teaching practice was dominated by
laissez-faire pragmatism. There was no concern about theory and education was
viewed as an eclectic subject. In classrooms nowadays, pedagogy is equivalent to
craft knowledge and skill in teaching. With the belief that teachers need practical
knowledge and skills about the learning and teaching context, pedagogy is often
regarded as an art of teaching. From this perspective, it would not be possible or
appropriate to rigidly pre-specify the role of a teacher and then apply it in every

situation.

The discussion above suggests that there are two major views toward pedagogy. This
thesis tries to combine them together as two aspects of pedagogy, including the
theoretical aspect and the practical aspect of pedagogy. It is assumed that the two
aspects of pedagogy are inter-related. The idea is consistent with Leach & Moon
(1999) and McCormick & Scrimshaw (2000), who think that pedagogy comprises

several inter-related dimensions:



“educational goals and purposes;

a view of learning;

a view of knowledge;

the learning and assessment activities required;

the roles and relationship between learners and between the teacher and the learner;
the classroom discourse

(McCormick & Scrimshaw, 2000; Leach & Moon, 1999).”

It might be worthwhile to note that teacher learning and development are often bi-
directional. Teachers learn from the application of learnt knowledge and existing
views of instruction as well as by shaping up a style or a pattern of consistency in
teaching and instruction. In other words, the development of pedagogy includes the
craft and skills in teaching practice as well as the formulation and refinement of the
teacher’s knowledge and existing views of instruction. To maximise the effectiveness
of learning and teaching in the U.K., the author of this thesis thinks that efforts have

to be paid to both aspects of pedagogy.

To individual teachers, the theoretical aspect of pedagogy is often represented as a
form of belief or existing views about teaching and instruction. In other words, in
classroom practice, many teachers nowadays are guided by some theories of learning
and instruction. For example, Kamphaus et. al. (1990) provide an outline of the
contribution of instructional psychology in education. They think that theories of
development, learning and instruction have helped to identify effective teacher

behaviour during instruction and to find variables that maximise student achievement.



More importantly, instructional psychology also has influenced the application of
computer technology to learning and instruction. It is obvious that the term
“instruction” occurs more frequently than the term “pedagogy” in literature
concerning the use of computers or ICT for learning and teaching purposes.
Computer-based instruction, computer-assisted instruction and instructional design
are common terms in this field. This gives the support for using the term

“instruction”, as well as the term “pedagogy”, in this thesis.

In relation to the scope of pedagogy defined by McCormick & Scrimshaw (2000), the
concept of instruction is covered by pedagogy. Instruction has more to do with
cognitive domain and the major focus is on learning outcome. In contrast, pedagogy
includes a whole range of theories and practices, including personal characteristics,
knowledge about the subject and the curriculum, motivation, teacher behaviour,
instructional design, provision, allocation and functionality of equipment,
assessment,...etc. Readers are advised to bear in mind that whenever the term

instruction is used in this thesis, it refers to a part of pedagogy.

(1-2) Methods of study

How are the topics in this thesis being investigated?

The topics in this thesis are investigated at two levels. At teacher/class level, a range

of data collection methods is used. These include observation, questionnaire, open-

ended questions, interviews and the use of value-added data. The collected data are

used to investigate the effectiveness of teaching/instructional variables, pedagogy,

10



reflection and teacher development. A list of the data collected at teacher/class level is

presented in Table T1-1.

Table T1-1: A list of data collected at teacher/class level

Instrument/Method Nature of data Reference
of data collection (size of data (initiation of data
(focus of evaluation) collection) collection)
Observation (lessons with Qualitative and Appendix 1-A” and
and without the use of ICT) | quantitative Appendix 1-BA
(a total of 113 lessons)
Questionnaire (survey of Mainly quantitative Appendix 2-A in 1997/98"
using ICT) data with qualitative | and
comments Appendix 2-B in 1998/997
(250 and 64
respondents)
Questionnaire (pedagogical | Quantitative data Appendix 2G collected in
preference) (24 and 51 1997/987 and in 1998/99*
respondents, making a
total of 75)
Follow up questionnaire Quantitative data Appendix 2-D*
(tendency to use ICT, (top up the size of data
curriculum use of ICT, collection above to 74
teacher’s IT skills) or 85 respondents)
Extended questionnaire Quantitative data Appendix 2-C**,
(teacher reflection, (range from 73 to 117 | Appendix 2-D**,
teacher’s learning style, respondents) Appendix 2-E** and
workload, challenges Appendix 2-F**
concemning the use of ICT)
Questionnaire and phone Quantitative data Appendix 2-E** and
contact (matching database | (ranged from 29 to Appendix 2-F**
of this thesis with value- 145 successfully
added data in PIPS) matched respondents)
Interviews (use of ICT, Qualitative data Collected in 1997/98” and
classroom practice, teacher | (about 60 interviews) | in 1998/99/
reflection)
Open-ended questionnaire | Qualitative data Appendix 2-C*¥*,
(framework of promoting (26 respondents) Appendix 2-D** and
the use of ICT for in-school Appendix 2-F**
& out-of school learning)

Remark: The author wants to give special thanks to the team at Centre of Curriculum Evaluation and
Management (CEM) in Durham University for their generosity in providing value-added
data and their assistance in processing the data. The author also wants to give thanks to the
TTAICT project team at Newcastle upon Tyne and the Teacher Training Agency (TTA) for
their generosity in providing their project database.

Keys: » refers to the data collection and the items of the instrument which were initiated and designed

by the TTAICT project team at Newcastle upon Tyne, while the author of this thesis was
involved as a full-time research staff and a project member. A refers to the data collection and
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the items of the instrument which were initiated by the TTAICT project team at Newcastle upon
Tyne and designed by the TTAICT project team at Durham (i.e. CEM centre in University of
Durham) and at Newcastle upon Tyne while the author of this thesis was involved as a full-time
research staff and a project member. * refers to the data collection which was initiated by the
author with items specially designed for this thesis and items designed by the TTAICT project
team. ** refers to the data collection which was initiated by the author with items specially
designed for this thesis.

At pupil level, the data collection methods include pupil questionnaire, parents’
questionnaire, the administration of standardised tests, logbook, the use of video clips
and computer files on the computer, and the use of value-added data. The collected
data are used to investigate the interaction between human and the computer, and its
implication to teaching and instruction. Other issues concerning pupil learning with
the use of computers are considered. These include subject difference in learning
preference, in-school/out-of usage of computer, gender difference, and pupil’s social

status in learning activities with/without the use of computers. A list of the data

collected at pupil level is presented in Table T1-2.

Table T1-2: A list of data collected at pupil level

Instrument/Method Nature of data Reference
of data collection (size of data (initiation of data

(focus of evaluation) collection) collection)
Pupil questionnaire Qualitative and Appendix 3-A**
(human-computer quantitative
interaction) (a total of 252 pupils)
Pupil questionnaire (subject | Qualitative and Appendix 3-B**
difference in learning quantitative
preference, in-school/out-of | (a total of 166 pupils)

usage of computer, gender
difference)

Pupil questionnaire (social
status in learning activities
with/without the use of
computers)

Qualitative and
quantitative
(a total of 229 pupils)

Appendix 3-C**

Value-added data in PIPS
(matched with data
collected from the
instruments above)

Quantitative data

(a total of 112 pupils,
but the number of
successfully matched
cases varies)

Refer to
Chapter 2 section 2-1*
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Standardised maths, reading
& spelling tests (evaluation
of pupil’s
attainment/progress)

Quantitative data
(available for all the 4
classes selected as
case studies, about 20

Refer to

Chapter 6 section 6-2,
section 6-3**,

section 6-4** and

to 30 pupils in each section 6-5"

class)
Video clips and computer Mainly qualitative Refer to Chapter 6 section
files recorded on the data 6-3** and Appendix 5-A**
computer (available from all the
(observing/recording 18 pupils reported in

activities on the computer)

Chapter 6 section 6-3)

Pupil questionnaire
(open-ended questions
concerning software and
group work with the use of
computers)

Qualitative data
(available from the 31
pupils reported in
Chapter 6 section 6-4)

Chapter 6 section 6-4** and
Appendix 6-C**

Pupil questionnaire
(interactivity, cognitive,
affective and emotional
outcomes of two computer
software applications)

Quantitative data
(available from the 31
pupils reported in
Chapter 6 section 6-4)

Chapter 6 section 6-4** and
Appendix 6-D**

Pupil questionnaire
(surveys of pupils’
confidence in using
computers)

Quantitative data
(available from the 30
pupils reported in
Chapter 6 section 6-5)

Chapter 6 section 6-5**,
Appendix 7-F** and
Appendix 7-G**

Pupil logbook

(record of time spend on in-
school & out-of-school
activities with & without
the use of computers)

Quantitative data
(available from the 27
pupils reported in
Chapter 6 section 6-5)

Chapter 6 section 6-5** and
Appendix 7-H**

Parent’s questionnaire
(record of time spend on in-
school & out-of-school
activities with & without
the use of computers)

Mainly qualitative
data, with quantitative
data.

(available from the 27
pupils reported in
Chapter 6 section 6-5)

Chapter 6 section 6-5** and
Appendix 7-J**

Remark: The author wants to give special thanks to the team at Centre of Curriculum Evaluation and
Management (CEM) in Durham University for their generosity in providing value-added
data and their assistance in processing the data. The author also wants to give thanks to the
TTAICT project team at Newcastle upon Tyne and the Teacher Training Agency (TTA) for
their generosity in providing their project database.

Keys: » refers to the data collection and the items of the instrument which were initiated and designed
by the TTAICT project team at Newcastle upon Tyne, while the author of this thesis was
involved as a full-time research staff and a project member. * refers to the data collection which
was initiated by the author and was provided by the CEM centre in Durham University. **
refers to the data collection which was initiated by the author with items specially designed for
this thesis.
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The collected data in both levels include qualitative and quantitative data. Further
details about the data analysis and the issues to be addressed will be discussed in the
respective chapters and sections of the thesis. Furthermore, four case studies were
carried out to investigate the implementation of learning and teaching supported by
computers or ICT in primary classrooms. Data collected at teacher/class level and at
pupil level were used. The experience gain and the qualitative results from the case
studies will be used to validate a model of “promoting learning and teaching

supported by the use of computers and other ICT” proposed in the thesis.

(1-3) Background and significance of this thesis

Why are these issues important in education?

Information technology (IT) is rapidly changing the world we live in, and having a
profound effect on the nature of society and employment and consequently on the
requirements placed on schools and colleges. The literate and effective citizen of the
future we need new skills...In time IT will change the education system itself. The
demand for education will continue to increase but the way in which people learn will

change and teaching styles will need to adapt.

(NCE, 1995, page 1)”

The statement made by the National Commission on Education (NCE) indicates the

potential that ICT can bring to education. It is worthwhile to note that simply using

computers and/or ICT is not sufficient for bringing desirable educational outcomes.
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Recent overview classroom teaching and learning practice (e.g. McFarlane et. al.,
2000; Schacter, 1999; Kulik, 1994) have suggested there are advantages and
disadvantages in using computers and/or ICT and the results imply that computers
have to be used in appropriate ways so as to be effective. This suggests the
importance of preparing teachers for the use of ICT, other than providing and
maintaining high-performance ICT equipment. Nevertheless, government statistics
show that there has been a rapid improvement in the provision of ICT equipment in

primary schools in UK during the last five years (i.e. refer to Appendix 4).

Since 1998, the Department of Education and Skills (DfES) has required all courses
of Initial Teacher Training (ITT) to equip trainee with reasonable ICT skills,
knowledge and understanding of when, when not and how to use ICT effectively in
teaching specific subjects in the primary curriculum. The ITT national curriculum for
the use of information and communication technology in subject teaching asks trainee
to take account of the functions of ICT (TTA, 1998). Poole (1998) has expanded the

functions as the descriptions below:

(13

1. speed and automatic functions: monitoring, controlling and feedback,

2. capacity and range: richness of resources, the power of communications,

3. provisionality: ease of amending the outputs,

4. interactivity: dynamic feedback and immediate response to changing inputs.

(Poole, 1998, page 20)”
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For the trainees or the practising teachers, the process of making decision of “when
the use of ICT is beneficial to achieve teaching objectives in the subject and phase”
and “when the use of ICT would be less effective or inappropriate” (TTA, 1998) not
only requires them to make use of the functions of ICT in subject teaching, but also
integrate and construct their own knowledge and skills concerning the use of ICT with
and upon their existing pedagogy. As with other kinds of curriculum material, the
trainees and/or the teachers need to know how to adapt and interpret the computer
and/or ICT resources to fit their own philosophy of education. The change to be
involved often goes beyond the scope of instruction, and can lead to changes in the
teacher’s pedagogy. This gives the reason why Scrimshaw (1997) regards the
computer as a ‘“‘catalyst for radical educational change” because “it helps us to pursue
our current conceptions of education more effectively than we could do with
traditional kinds of resource”. The interaction between pedagogy and technology can
be bi-directional. Salomon and Perkins (1996) state, “technology is more than just the
means of making a pedagogical dream come true; often the dream is influenced by
what the technology affords, thus leading to the modification of the rationale.” The
need to search for a pedagogy that is supported by and/or integrated with the use of

ICT is obvious.

McCormick and Scimshaw (2000) have expressed their frustration about the neglect
of teacher learning and development aspects of recent work on pedagogy with the use
of ICT. They point out, “recent attempts to characterise pedagogy in relation to the
use of ICT in the UK have gone some way to illustrating an analysis and subsequent
development work grounded in theory (e.g. Moseley, Higgins and others, 1999). Such

attempts have not in our view explored pedagogy in terms of contemporary views of
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learning and knowledge. Nor have they related to teachers’ knowledge in a way that
reflects these views or the more complex methods of such knowledge now available.
The exploration of teacher knowledge is necessary to indicate the way teachers need

to change, which has implications for any implementation strategies.”

Having participated as a member of the TTAICT project team, the author of this thesis
believed that the collected information could be analysed further with the use of
multiple regression analysis technique in a structured way. The results could make
contributions to illustrate the inter-relationships between various pedagogical issues
related to the use of computers and pupil learning outcome. Unfortunately, the search
of pedagogy supported by the use of computers and the issue of teacher development
were not addressed properly, as identified by McCormick and Scimshaw (2000). This
justifies doing extended analysis with existing teacher level (or teaching group / class
level) data of the TTAICT project and adding to the database some other relevant
teacher variables addressed in this thesis. Furthermore, the author also initiated the
collection of additional data at pupil level, providing useful evidence in the search for
effective pedagogy concerning the use of computers and other types of ICT. He also
expected that reflection, from the perspective of teacher training and development,
would have an important part to play in preparing teachers for the use of computers or

ICT.

In the search for effective pedagogy supported by computers or ICT, the author of this

thesis believes that the following areas of work are needed:
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e An exploration of pedagogy on the basis of a review of contemporary theories of
learning and knowledge and some research work on pupil learning with and/or
without the use of computers or ICT.

e An investigation into pedagogical and instructional variables that are found to be
effective in affecting pupil learning achievement and/or learning progress.

e An analysis of teachers’ pedagogical preferences and perceived challenges
concerning the use of computers or ICT for subject teaching and learning from the
perspective of teacher reflection, teacher learning and development.

e An attempt to link the issues above together to form as a coherent model or
framework of effective curricular learning and teaching supported by computers
or ICT.

e Some classroom-based case studies to examine the validity of the model or

framework above, with attention to learning and teaching.

This work would lead to practical suggestions and recommendations for promoting
the use of computers or ICT for effective subject learning and teaching. However, it is
not an easy task to complete the research agenda. There are difficulties, challenges
and obstacles. For examples, the amount of ICT-related resources available to primary
education is insufficient. Children in primary education require time to develop their
IT skills and a high level of support to facilitate their learning with ICT. Teachers also
need support to help them adapt to the changes in pedagogy. Work on teacher training
would likely include conceptual and practical changes of teachers. Extra time and

resources are needed for teachers to try out new ideas concerning the use of ICT.
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Chapter 2

Effective teaching and learning, the use of ICT and the evaluation of

performance

The major aims of this section are to:

e introduce effective teaching and learning, value-added and measures of learning
outcome in this thesis.

e provide a review of literature of some theoretical models concerning effective
teaching and learning and some models concerning the educational use of
computers.

e formulate a model of effective curricular teaching and learning supported by
computers and used it as the framework of investigation in the other chapters of

this thesis.
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- A list of the sections in Chapter 2 -

(2-1) Effective teaching and learning: The use of value-added information as
performance indicators

(2-1-1) The effectiveness of teaching and learning

(2-1-2) Performance indicator: The importance of value-added in education
(2-1-3) Performance indicators in this study

(2-1-3A) Outcome variables based on scores in tests of academic attainment
(2-1-3B) Qutcome variables based on current value-added (or “learning gains”)

(2-1-3C) Outcome variables based on scores in developed ability and cultural capital
(i.e. cognitive ability and home background)

(2-1-3D) Qutcome variables based on various attitude measures
(2-1-3E) Outcome variables based on prior value-added data in PIPS
(2-1-3F) Data from standardised reading tests and maths tests

(2-1-4) A technical study on the calculation of value-added measures in this thesis

(2-1-4A) What is this study about?

(2-1-4B) How to investigate?

(2-1-4C) Why is this study adding value to the understanding of value-added
measures in this thesis?

(2-2) Factors affecting effectiveness of teaching and learning: A review of models of
effective teaching and learning

(2-3) A proposed model of teaching and learning supported by computers or other
types of ICT

Summary of Chapter 2
- End of the list -

20



(2-1) Effective teaching and learning: The use of value-added information as

performance indicators

(2-1-1) The effectiveness of teaching and learning

Over the last three decades, there has been growing interest in the effectiveness of
education, leading to investigations into the key factors affecting school effectiveness.
Thanks to the researchers in school effectiveness, a knowledge database has been
established and is still expanding. For instance, there are research findings showing
how effective schools differ from ineffective schools. Having said that, it is important
to have a clear view about the meaning of “effective” before going any further about

the associated characteristics.

The Oxford Advanced Leamner’s Dictionary of Current English (1962) has defined
effective as “having an effect” and “able to bring about the result intended”. The
Longman Dictionary of Contemporary English (1988) has defined effective as
“having a noticeable or desired effect” and “producing the desired result”. In
combining them together, the meaning of “effective teaching and learning” in this

thesis includes the two aspects below:

e the pupils have a noticeable or desirable change, and

» the pupils achieve the intended learning target(s).
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The first aspect considers effectiveness in terms of the “improvement” “progress” or
“learning gain” made by the learner, while the second aspect considers effectiveness
in terms of the “achievement” or “attainment” in subject content. Clearly the two
aspects are closely interrelated and both of them are essential in this thesis. Having
said that, it might be worthwhile to note that the term “effective” or “effectiveness” is
often defined in a vague way. It may contain one or both of the two concepts above. It
may be determined by the judgement made by professional colleagues, by outside

bodies or some other ways. Its scope and definition vary between different

researchers.

(2-1-2) Performance indicator: The importance of value-added in education

The importance of “progress” and “attainment” for making judgement

There has been growing concern about the importance of educational effectiveness
during the last three decades. It was clear that a lot of emphasis was placed on the
standard of the schools while relatively little emphasis was placed on the noticeable or
desirable change that pupils made out of schooling. Schools were classified as “good”
schools if their pupils had high academic achievements or attainment, and vice versa.
However, as a result of ineffective teaching and learning, a good reader could make a
slow progress in reading. On the contrary, a poor reader could make a rapid progress
in reading as a result of effective teaching and learning. So, there is a need to consider

both aspects of effectiveness.
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Value-added in education

During the last three decades, there has been an increasing interest in looking at
educational “progress” from a “value-added” perspective. The term “value-added” is
derived from economics. It refers to the difference between inputs and final outputs
represented by the value of sales. For example, if we buy a lemon for twenty pence,
turn it into lemonade and sell it for fifty pence, we can say that the added value is
thirty pence. The formidable value-added tax will also be based on its added value.
Similarly, education is a process that brings an increase in the value of human
resource for society. It can be regarded as a process of equipping pupils with
knowledge, attitudes, skills or qualifications that lead to better employment
opportunities. Therefore, value-added in education can be interpreted as the learners’
changes, as a result of education. In this thesis, it is used as a tool to show pupils’

relative position or relative progress as a consequence of school teaching and learning.

When looking back to the history of value-added in education, it was first introduced
about thirty years ago. During the 1970s and 1980s, the idea was regarded as
something theoretically sensible, but difficult to carry out in practice. Thanks to the
initiatives by researchers, academics and people from the private sector, its
importance became popular during the last ten years. All this hard work facilitated the

initiative of setting up a National Value Added system by the government in 1998.
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Background leading to the value-added system in the UK

Education and training has a crucial role for the economic, political, and cultural
development of a society. Governments around the world take the responsibility of
providing for their people better opportunities to learn. Like many European
countries, the UK has achieved well in the first step toward the mission by introducing
compulsory education. As another step forward, attention has to be paid to the quality,

equity and standard of education.

With the explicit aim of promoting market operation mechanism in education, the
1988 Education Reform Act intended to prepare parents to make informed choices
and to increase the concerns of school accountability (see Mortimore et al., 1994,
p-327). The idea is to get better value for public expenditure. Since school teaching
and learning have been legally required to work on the National Curriculum, which is
common to schools around the country, comparisons on performance of schools are
facilitated. From the late 1980s onwards, there were debates about how to measure
school performance. There were two focuses of concern. Firstly, school inspection
done by Her Majesty Inspectorate (HMI), which included the Office of Standards in
Education (OFSTED) in 1992. Secondly, league tables based on pupil “raw” results in
public examinations, began to be introduced as a tool for making the comparisons

public.

An OFSTED inspection aims to assure the quality of education provided, the

educational standard achieved, the spiritual, moral, social and cultural development of

pupils at school and the management of the school’s financial resources. Their
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inspection framework is operated through a list of criterion-referenced indicators on
the checklists. There are concerns and criticisms about the reliability of observational
techniques and the appropriateness of these indicators to show the quality of teaching.
The aim about school management was also criticised as focusing upon the efficiency
of the school, while the major focus should be placed on the effectiveness of
schooling. There are alignments and discrepancies between OFSTED’s framework
and research findings about school effectiveness. The author of this thesis queried
whether these variables mainly deal with the education processes. For example,
school administration is one of the intermediate variables that may and may not have
direct impact on a specific educational outcome. In contrast, a direct measure of the

educational product is fundamental to account for the impact of schooling.

League tables were based on quantified measures of educational outcomes in
standardised key stage tests or public examinations. Perhaps the first official league
table by the Government was the one published in the Parent’s Charter in 1992 (refer
to Foxman, 1997). It became an annual publication of A-level results of schools and
institutions at matriculation level. Since then, performance tables for secondary
schools also started to be published by The Guardian and The Times Educational
Supplement in 1996. Since March 1997, the publication also includes Key stage 2 test
results of primary schools. Although publication of raw results of the schools seemed
to be informative, researchers, academics and people in education sector keep
pointing out that the information could be misleading when the differences in input
are not taken into account. The major issue is that only part of the difference between
school results is attributed to the school. League tables based on raw results are

actually using contaminated indicators to show the effects made by schooling. It
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might be fairer or more appropriate if assessment took into account the increment on
performance of each individual child that is under the control of the school. Having
said that, we should note that even the best measuring techniques have limitations on

technical grounds.

With all this background, 1992 seems to be an important landmark for the
development of a value-added system in education. Firstly, in relation to advancement
in statistical methods for educational assessment, the concept of value-added becomes
commonly recognised. In particular, the call for value-added measures of school
performance is proposed by the National Commission on Education (McPherson,
1992). In calculating school performance, special attention has to be paid to the
contributions schools make to pupils’ progress. Secondly, apart from academics and
statisticians, the Secretary of State for Education by then had considered the use of a

value-added measure, although a decision was made to stick with “raw” results.

Having said that, the search for fairer and more valid ways of comparing school
performance in context and indicating educational standard and quality did not end. A
great leap forward began in 1995 when the Secretary of State for Education and
Employment made a contract for the National Value Added project by the
Curriculum, Evaluation and Management centre (CEM) in Durham. The final report
of the piloted national system in the project was published in 1997, with findings and
suggestions about the feasibility, design and implementation of a national value-added
system. It was the beginning of a new era when value added measures were put in the
National agenda. According to the schedule reported by Saunders (1998), the first

National Value-added analyses, covering KS1-2, KS2-3 and KS3-4 was published in
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the autumn term of 1998. Secondary school performance tables will include value-
added measures by 2000 and primary school performance tables will include them by

2002.

Value-added measures and their link with school effectiveness research

School effectiveness research has concentrated on investigating the differences in
achievement between schools. Since teaching and learning are the major practices of
schooling, value-added studies of teaching and leamning are key topics of school
effectiveness research (see Teddlie & Reynolds, 2000; Creemers, 1994; OECD,
1995). These research studies have been quite successful in helping to identify factors
that are connected with “effectiveness” and in understanding the mechanisms by
which schools have their effects. The research findings provide the basis for

judgement about accountability of schools.

For thirty years school effectiveness researchers have been interested in the progress
made by pupils. Instead of using the “raw” results at the time when pupils leave the
schools, school effectiveness research takes account of pupils’ level of performance
on entry and the level of performance when they leave. The metaphor has close
alignment with the approach of value-added measurements in education, which takes
account of non-school factors that contribute to pupils’ achievement (Saunders, 1998).
School effectiveness research uses data collected on a retrospective basis, but value-
added measures do not end at this point. They are useful to predict pupils’ future
performance and make a contribution to school improvement. Value-added measures

obtained on a regular basis are useful tools for monitoring education. In relation to
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this, Coe and Fitz-Gibbon (1998) say that school effectiveness research is “limited by
the omission of longitudinal data and has often been characterised by unsupported

assumptions about the homogeneity of school effects”.

To summarise, value-added analysis is often used as a measurement tool about how
effective the school is in promoting pupil achievement. Besides that, longitudinal
value-added analyses nowadays are also used as tools for educational management.
Having said that, the major focus of this thesis is on the effectiveness of teaching and
learning rather than on the effectiveness of the school. The paragraph below will

explain the difference between them from a multilevel perspective.

School effectiveness in a multilevel perspective

The knowledge database of school effectiveness research done during the last three
decades is very useful for school improvements. According to the National
Commissioner of Education, there are a number of ways in which it can help schools

and colleges to be more effective. It can:

13

e motivate students

¢ improve the quality of teaching and the quality of learning;

¢ help teachers to be more productive;

e help schools and colleges to manage themselves and the learning process more
effectively.

(NCE, 1995, page 1, summary)”
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The improvement suggestions above lead to further analysis of the effectiveness of
schools. In detail, three major levels were identified from school effectiveness

research. These include:

o effectiveness at school level,
o effectiveness at teacher level (also called “teaching” or “instruction” level), and

o effectiveness at pupil level (also called “learning” level).

Pupils are the key persons responsible for their own learning outcomes. The work of
the teachers and the influence of the schools can be classified as various means of
facilitating learning. However, there is no guarantee that learning will follow - no
matter how well the teachers or the schools have performed. The best they can do is to
increase the probability that learning will take place, by improving the environment in

which learning take place.

Half a century ago, academic achievement was the major criterion for making
educational judgements. For a fair judgement, researchers in school effectiveness
keep suggesting that the “progress” factor needs to be considered. A pupil’s learning
can be classified as “effective” if his or her progress is higher than it might be
expected in comparison with other pupils with similar intake characteristics. A
teacher’s work (teaching) can classified as “effective” if the progress of his or her
pupils in the teaching group is higher than it might be expected for pupils with similar
intake characteristics. A school can be classified as “effective” if the progress of its

pupils is higher than might be expected for pupils with similar intake characteristics.
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So, effective teachers or effective schools add extra value to the pupils’ outcomes in
comparison with other teachers or schools serving similar pupils. By contrast, having
an ineffective teacher or an ineffective school, the pupils make less progress than

other pupils with similar intake characteristics.
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(2-1-3) Performance indicators in this study

The need for good indicators of educational performance

“A performance indicator can be defined as an item of information collected on

repeated occasions to check on the performance of a system.... should be recognised

as agreed ways of measuring the extent to which agreed goals are being achieved”

(Fitz-Gibbon, 1991).

Fitz-Gibbon, 1991 suggests 12 criteria of good performance indicators. To be brief,

they are listed as below:

13

8.

9.

Indicators refer to the outcomes of managed units

Indicators relate to outcomes which staff can reasonably be expected to influence
The major outcome indicators are contextualized

Indicators are fed back to the units of management — and they get back
Indicators are perceived to be fair

Indicators are accessible

Indicators are explained

Indicators are incorruptible

Indicators are checkable

10. Indicators are perceptibly improve if the unit improves its performance over time.

11. Behavioural implications of the indicators are beneficial

12. Costs are reasonable

(Fitz-Gibbon, 1991, page 11-17)”
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More importantly, she evaluated the use of residuals from simple regression, relative
ratings in standard tables, national comparison factors in standard tables, residuals
based on multilevel modelling, percentage pass rates and teacher-given assessments as
performance indicators. In the calculation of value-added, the results of linear
regression technique was found to be very close to the results of multilevel modelling

(Fitz-Gibbon, 1997).
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The danger of contaminated performance indicators

To compare the academic performance between pupils in different schools, we can
either use their raw results (e.g. school league tables) or value-added measures as the
indicator. Foxman (1997) has reported about the effects of league tables based on
pupils’ results. In relation to teaching and learning processes in primary schools, the

effects that he stated include:

e staff who are teaching effectively in schools which are low in the league tables
may be depressed in morale because their intake has low attainment,

e schools could be more inclined to exclude disruptive pupils than they were
formerly to avoid or to reduce their effect on the learning of a large proportion of
a class,

e the possibility of targeting pupils at the level 3 / 4 interface, and

e the possibility of focus more on the core curriculum of English, Maths and
Science at the expense of other National Curriculum subjects

(adapted from Foxman, 1997).

To conclude, the use of pupils’ raw academic results as the indicators of educational
performance may be associated with some negative impacts to the quality of
education. In contrast, Tsui (1996) suggested that the aim of education had to be
focused on developing the potential of individuals. On the basis of this, learning tasks
have to be set at a challenging but attainable level. Instead of focusing on the level of
academic attainment, the assessment system of educational performance could focus

on pupils’ performance in the learning targets set for them, with higher expectations
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for above-average achievers. So, it is in line with the rationale of a value-added

approach of assessing educational performance.

Calculation of value-added

There are different ways of calculating value-added. Here are some brief descriptions

about them.

1. Simple subtraction, using the equation:

Value added = Output measure — Input measure

Fitz-Gibbon (1996) gives a clear description about this and its use. As an example,
if a pupil had two attempts in the GCSE examination, we might be able to use the
number of subjects passed in the first attempt as the input variable and the number
of subject passed in the second attempt as the output variable. The value added is
the difference in the number of passes between these two attempts. The use of this
method is restricted to the consistency of measurements. Fitz-Gibbon suggests that
it can be used only if both the output measure and the input measure are assessed
in the same way. The computed value-added measure can be defined as the

“progress made” by pupils.
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2. Ordinary least squares method, using the equation:

Value-added = Actual output score — Statistically predicted score

Like the output measure above, the actual output score is an indicator of pupils’
current achievement. To work out the value-added, a linear regression line has to
be constructed to show the general pattern of relation between pupils’ actual
output scores and the input(s) scores, when the whole national dataset that year
has been taken into account. The predicted score is a specific score on the linear
regression line. It is the best-estimated score that a pupil would have obtained if
he or she had made average progress or attainment, based on the trend of the
whole sample population. The linear regression line is constructed as a best fit
line with the criteria of taking the smallest sum of squared differences between
the actual output scores and input scores. This statistical criterion is also known

as ordinary least squares method in statistics.

When the difference between the actual output score and the statistically
predicted score is worked out, it is called “residual” in statistics. This is also
known as the value-added in education. It tells us if the performance of individual
pupil is relatively better or worse than reasonably predicted with the help of
statistical techniques. The computed value-added measure can be defined as a
pupil’s “relative progress or relative performance”. There are two major sub-
types of linear regression model contributing to the calculation of value-added.

These include:
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a. Simple regression model
The statistical predicted score is estimated by a model where one set of input

scores is used as the predictor for the output scores.

b. Multiple regression model
The statistical predicted score is estimated by a model where more than one set

of input scores are used as predictors for the output scores.

3. Multilevel modelling

This is a sophisticated statistical technique, which explains data in a hierarchical
structure. Data are collected from different levels, such as combinations of the
level of the pupil, classroom, department, school and LEA. The technique is
useful to account for the extent of contribution made by each level of education

input in a statistical model simultaneously.
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Simple regression model is used in this thesis as a report of a preliminary study

When commenting on the use of value-added measures in the second Education
Digest (1992), an anonymous author states that multilevel modelling technique is the
“most difficult to understand for non-statistical reader” and “it may be that the use of
multilevel analysis is not the best place to start”. On the contrary, the SCAA working
party (SCAA, 1994) stated that there is strong evidence for “using simple methods of

analysis alongside complex ones”.

In the Final report of the National Value Added Project, Fitz-Gibbon (1997) reported
that correlation between the results of readily understandable residual analysis model
and indicators of more complex models was high. She also mentions that school value
added indicators would hardly be altered by the use of the more complex
computations. Since either approach could be used, simple methods could be
recommended. Fitz-Gibbon (1998) also reports that “given correlations of 0.9
between residuals based on multilevel models and ordinary least squares (OLS)
regression, it seems likely that the simple ‘readily understandable’ OLS methods can
be used for initial feedback”. It might be worthwhile to note that school effectiveness
researches often process data at pupil level and at school level, while data at teaching
group level (i.e. teacher level or classroom level) are neglected. In the final report of
the Value Added National Project, Fitz-Gibbon stated, “The school is not the correct
second level in the multi-level modelling. It is the teaching group that delivers
instructions and should be modelled. Information on teaching groups would not be

acceptable as part of a national system,...(Fitz-Gibbon, 1997, p.106)”
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After considering these issues, it became easy to make the decision to use simple
regression in this study. Firstly, this study is a preliminary investigative study of the
relation between issues about supporting teaching and learning with ICT and the
associated value-added. The relative importance of factors at different levels is
definitely not the focus. Secondly, the extent of expected difference between results

by simple regression analysis and those by complicated multilevel analysis is small.
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Performance indicators in this study

Together with data of some other variables of interest, the value-added data to be used
in this thesis are provided by the Performance Indicators in Primary Schools (PIPS)
project. It started 5 years ago with 12 schools and was originally based at University
of Newcastle upon Tyne. Along with the A-level Information System (ALIS) project
team, the Year 11 Information System (YELLIS) project team, Middle Years
Information System (MIDYIS) project team, the PIPS project team is now based at
the Curriculum Evaluation and Management Centre (CEM) of Durham University.
The present PIPS project database was collected from around 4000 schools in the
academic year 1996/97, 1997/98 and 1998/99, respectively. In each cohort year
groups, an independent database is formed with assessment data of about 45,000
pupils. Pupils’ value-added in maths and reading (Year reception, 2, 3, 4, 5 and 6) as
well as science (Year 6 only) are the primary interest in this thesis. Information of
other variables, such as the picture vocabulary test results (PV), the non-verbal
problems of position (POP) test results, the attitude measures of the above subjects,
the self-concept and attitude toward school learning measure will also be used to
extend the investigation. The raw data were kindly made available by the PIPS project
team. There are also variables newly generated by the author for the specific purposes
in this thesis on the basis of the original value-added data. A complete list of the

outcome variables can be found in Table T2-1-1 to Table T2-1-5 below.

Generally speaking, two types of value-added data are provided by the PIPS project.

This is a summary of the descriptions in a recent newsletter of the project (refer to

PIPS, 1999b):
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1. Longitudinal value-added data

The PIPS project describes the data as “prior value-added measures”. It uses
individual pupils’ attainment in previous assessments to predict their present level of
attainment. PIPS (1999b) states that it tells us something about the pupil’s progress
since the last PIPS assessment. It is a useful indicator of the relative progress made
by the pupil, however, it tells us little about whether we can expect them to do better

still.

2. Cross sectional value-added data

The PIPS project describes the data as “concurrent value-added measures”. It is a
snapshot of where the pupil is in relation to a combination of his or her verbal ability,
non-verbal ability and home background at the time of measurement. It uses
individual pupils’ “context” score to predict the present level of attainment. The
context score is a composite index formulated by the composition of “picture
vocabulary”, “problems of position” and “cultural capital” measures, with the
weighting of 50%, 40% and 10%, respectively. As the context score is obtained
through curriculum free tests, it serves as a reliable control for the prediction. It tells
us if a pupil is doing as well, better or worse than expected at the time of
measurement. Unlike prior value-added measure, concurrent value-added measure is
not the type of value-added in the sense of pupil progress. Instead, the indicator can

provide a fair comparison of schools, classes or teachers in relation to the ability or
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basic skills of pupils. In other words, it tells us the extent of success in using the

pupil’s potential in academic tasks when compared with a similar pupil.

In this thesis, only cross-sectional data are used because:

e longitudinal data are not available from many of the schools/teachers involved in
this study, and

o the relationship between the two types of data are reasonably close.

It was reported that the two types of measure are positively related to one another.
The size of association is about 0.7 (PIPS, 1999b). To justify the second point above,
a technical study of calculating value-added and other learning outcome is performed.
The study is presented in section 2-1-4. It is hoped that the study will help readers to

develop a better understanding of the outcome measures in this study.

The multilevel nature of the data is also considered in the thesis. Teaching group level
(i.e. also named as “teacher” level or “classroom” level) investigation is based on
aggregated results of individual pupils within the teaching group. Pupil level
investigation extends the investigation of effectiveness in relation to various aspects
of individual differences e.g. gender, learning styles and prior attainment. None of the

investigations in this thesis is carried out with the use of data at school level.

Performance of education concerns both standard and quality. In line with this, the

present study uses pupil attainment scores and value-added scores. It is hoped that

they can give information about how well teaching and learning took place. As these
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measures of learning outcome are “relative” measures, the learning outcome of a pupil

can be compared to those of his/her peers.

As the “quality of education” has close links with the aim of education, its definition
is multi-dimensional in nature. Apart from being exhaustive, it is hoped that indicators
in this thesis are illustrative to show the quality of education. The effectiveness of
bringing changes to the pupil is a useful indicator on the quality of education. The
effectiveness is based on evidence of educational outcome, which differs from
variables of educational efficiency - such as school management issues. It is possible
for a school with a lower attainment score to be shown to be more effective in
bringing changes in pupils than a school with a substantially higher attainment score.
In line with this, the implementation of a national value added assessment system
seem to be encouraging for setting “challenging but realistic targets” in daily

schooling practice.

Measures of value-added and other types of learning outcome

The outcome variables of this thesis were based on data collected from the PIPS

project at University of Durham and data collected from some standardized tests of

attainment and progress. The two sections below provide some descriptions of them.

There were five sub-types of data collected on the basis of the PIPS project. The

descriptions of each of the variables can be found in the tables below.

(2-1-3A) Outcome variables based on scores in tests of academic attainment
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Table T2-1-1: Descriptions of variables concerning academic attainments

Var. Name | Var. [Description of the variable (from PIPS 1998/99 dataset)
Abbrev.

Al-1 Maths o_zma |[The pupil’s maths score in PIPS tests, expressed in T-scores
attainment

Al-2 | Reading o_zre [The pupil’s reading score in PIPS tests, expressed in T-scores
attainment

A1-3 | Academic | o_zaa |The average of “u_o_zma” and “u_o_zre” above
attainment

A1-4 | Science o_zsc [The pupil’s science score in PIPS tests, expressed in T-scores
attainment

Remark: The data are kindly provided by the CEM centre in Durham University. Variables printed in

italics refers to variables newly generated by the author on the basis of the provided data. T-

score is a standardised score with a mean of 50 and a standard deviation of 10 (i.e. T-score =

50 + 10 z-score).

(2-1-3B) Outcome variables based on current value-added (or “learning gains”)

Table T2-1-2: Descriptions of variables concerning value-added

(or “learning gains”)

Var. Name | Var. [Description of the variable (from PIPS 1998/99 dataset)
Abbrev,

A2-1 | Learning | r_zoma [To calculate the current value-added data in PIPS, each pupil’s context
gains in score was used to predict pupils’ maths scores. The prediction was]
maths made by simple linear regression technique, on the basis of the

information all the pupils in that year group in PIPS. This variable was|
he maths residual score, which indicated how well was the pupil’s

maths performance when compared with the expected performance (or
redicted performance) at the time of the test.

A2-2 | Learning r_zore [To calculate the current value-added data in PIPS, each pupil’s context
gains in score was used to predict pupils’ reading scores. The prediction was
reading made by simple linear regression technique, on the basis of the|

information all the pupils in that year group in PIPS. This variable was
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the reading residual score, which indicated how well was the pupil’s
reading performance when compared with the expected performance]

(or predicted performance) at the time of the test.

A42-3 | Academic | r_zoaa (The average of “r_zma” and “r_zre” above
learning
gains
A2-4 Science r_zosc [To calculate the current value-added data in PIPS, each pupil’s contexf
learning score was used to predict pupils’ science scores. The prediction was
gains made by simple linear regression technique, on the basis of the

information all the pupils in that year group in PIPS. This variable was

the science residual score, which indicated how well was the pupil’

redicted performance) at the time of the test.

':cience performance when compared with the expected performance (or

Remark: The data are kindly provided by the CEM centre in Durham University. Variables printed in

italics refers to variables newly generated by the author on the basis of the provided data.



(2-1-3C) Outcome variables based on scores in developed ability and cultural

capital (i.e. cognitive ability and home background)

Table T2-1-3: Descriptions of variables concerning developed ability and

cultural capital

Var.Name | Var, Pmription of the variable (from PIPS 1998/99 dataset)

Abbrev.
A3-1 | Non-verbal | o_zpp [The pupil’s problems of position score in PIPS tests, expressed in T-
ability fscores
A3-2 Picture o_zpv [The pupil’s picture vocabulary score in PIPS tests, expressed in T-
vocabulary fscores
A3-3 ] Context o_zwe [The pupil’s context score in PIPS tests, expressed in T-scores. This is a
score composite variable formulated by the following weightings:
.5 * (o_zpv) + .4 * (o_zpp) + o_zbk
A3-4 Home o_zbk |The pupil’s home background score in PIPS tests, expressed in T-
background scores

Remark: The data are kindly provided by the CEM centre in Durham University. Variables printed in

italics refers to variables newly generated by the author on the basis of the provided data. T-
score is a standardised score with a mean of 50 and a standard deviation of 10 (i.e. T-score =

50 + 10 z-score).
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(2-1-3D) Outcome variables based on various attitude measures

Table T2-1-4: Descriptions of variables concerning attitudes towards subject

learning, towards oneself and towards school learning

Var. Name | Var. |Description of the variable (from PIPS 1998/99 dataset)
Abbrev.
4-1 Attitude zat_ma |The pupil’s score about the attitudes towards maths in PIPS tests
towards
maths
A4-2 | Attitude zat_re |The pupil’s score about the attitudes towards reading in PIPS tests
towards
reading
r44-3 Attitude zat_sh |The pupil’s score about the attitudes towards himself/herself and schooll
towards learning in PIPS tests
him/herself
and school
learning
A4-4 | Attitude zat_sc |The pupil’s score about the attitudes towards himself/herself and school,
towards [Iearning in PIPS tests
science

Remark: The data are kindly provided by the CEM centre in Durham University. Variables printed in

italics refers to variables newly generated by the author on the basis of the provided data.
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(2-1-3E) Outcome variables based on prior value-added data in PIPS

Table T2-1-5: Descriptions of variables concerning prior value-added

Var. Name | Var. [Description of the variable (from PIPS 1998/99 dataset)
Abbrev.

-1 | Maths prior | p_pma [The pupil’s maths prior value added in PIPS

value added

IA5-2 | Reading p_pre [The pupil’s reading prior value added in PIPS

prior value
added
AS-3 | Academic | p_zpr [The pupil’s prior combined maths and reading score in PIPS

prior value
added
AS5-4 |Science prior] p_psc [The pupil’s science prior value added in PIPS

value added

Remark: The data are kindly provided by the CEM centre in Durham University. Variables printed in

italics refers to variables newly generated by the author on the basis of the provided data.

Note that variables in section 2-1-3A, section 2-1-3B, section 2-1-3C and section 2-1-
3E above are measures represented in standardised scores. T-score is a standardised
measure with scores falling between 0 and 100 and the mean score is 50. All the
standardisation procedures were carried out at pupil level. The exception is variables
in section 2-1-3D, the standardisation procedure was performed at class/teaching
group level on the basis of the raw data provided by the PIPS project team in CEM
centre. Later, the attitude measures of year 4 are reversed so as to be consistent with
the attitude measures of year 2. The attitude measures of year 6 are dropped because

the measurement scale is incompatible with that of those in the combined database.

47



Except in section 2-1-4 of this Chapter, prior value-added was not used in this thesis.
The main reason for that was the lack of longitudinal data from many pupils/schools

involved in this study. Instead, the thesis will rely on cross-sectional data.

(2-1-3F) Data from standardised reading tests and maths tests

Beside data originated from the PIPS project, the thesis also collected data from the
administration of several standardised tests published by Hodder and Stoughton. They

were also used in the four case studies of the thesis. These include:

e Basic Number Screening Test (BNS) by Bill Gillham and Kenneth Hesse,

* Group Mathematics Test (GMT) by D. Young,

e Reading Progress Test (RPT) by Denis Vincent, Mary Crumpler and Mike de la
Mare, and

e Parallel Spelling Test (PST) by Dennis Young.

In two of the case studies (i.e. section 6-2 and section 6-5 of Chapter 6), the data
collected from the administration of the standardised tests were used as a part of the
TTAICT project and as a part of this thesis. In the other two case studies, the data
collected from the administration of the tests were only used for this thesis.
Nevertheless, the computer worksheets used as informal assessments in the second

case study were originated from the book "Phonological Awareness Training" written

by Jo Wilson.
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It might be worthwhile to note that the tests (i.e. except GMT) have provided a useful
measure of the pupils' attainment age. The information could be used as a rule of
thumb in comparing the academic achievement or progress made by pupils. For
example a reading age of 8 for a 7-year child would imply a higher than average
attainment, and a progress of 2 months in spelling age in 3 chronological months
would imply a lower than expected learning gain. Therefore, like PIPS data, the

information available from these tests contain achievement and value-added data.

Justifications for using measures in maths and reading

Having said that, only attainment and attitude measures of maths and reading were
used in this thesis. Since a value-added measuring system is rather complicated, it was
thought better to start with simple measurements. At present, indicators in the
cognitive domain seem to be the most readily accessible and recognised comparative
measures. Reading and maths are fundamental subjects for all the pupils in primary
schools. As requirements of national literacy and numeracy initiatives, the two
subjects occupied more than half of pupils’ time in school. Therefore, value-added in
maths and reading are used in this study as primary reference-points, with the hope

that indicators about other areas will be developed in the coming future.

On the other hand, measuring techniques about value-added in other domains are
relatively crude. For example, it is difficult to measure pupils’ development of self-
esteem and their attitude towards life. Although it seems obvious that society needs
measures of various aspects of teaching and learning performance, as mentioned

above, a set of objective, reliable and valid indicators is not available. Therefore,
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value-added measures in this study are confined to the academic attainment in maths
and reading. It is advisable to extend the measures to areas such as politeness,
cleanliness, services, physical abilities (e.g. eye-sight tests, chest expansion volume,
running speed), social abilities, citizenship (e.g. civic education), self-discipline and
artistic skills (e.g. pupils’ performance in inter-school contests and competiticns in

music, sports, swimming, speech, drama...etc).

To conclude, the author of this thesis supports the rationale of “whole-person
education”. Besides pupils’ academic achievement, a good performance measuring
system should also include affective and psychomotor domains in Bloom’s taxonomy
(Bloom et. al., 1964). More widely, it has to cover “moral, intellectual, physical,
social and aesthetic” development of individuals promoted by traditional Chinese

culture.

The use of league tables has to be carefully considered. The comparison and
dissemination of information about schools’ performance should be fair. Besides
looking at the educational outputs, characteristics of schools and educational inputs
have to be taken into account. For example, HKEC (1996) has suggested that an ideal

performance indicators should cover pupils’:

¢ academic results

e participation in extra-curricula activities
e interpersonal skills

e citizenship

e ethos, conduct and morality
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e punctuality
o dropout rate
e suicidal rate

e crime rate

The PIPS data are collected in an “evidence-based” approach. They are provided by
the CEM centre in Durham University. The centre is believed to be the one of the
largest centres for monitoring the curriculum (Cohen, 2000). The PIPS tests give all
the participating pupils an equal opportunity to achieve well no matter which schools,
classes or areas they come from. Therefore, it is reasonable to use the assessment
results as performance indicators that give comparative information between pupils

and between teachers.

The contribution of value-added measures in teaching and learning evaluation

When compared with league tables that show pupils’ attainment in terms of raw
results, a value-added system seem to be more appropriate and fairer to show pupils’
attainment and progress in learning because:

o Effectiveness of teaching and learning become clearer when factors that are not
related to the teaching and learning processes have been taken into account. For
example, pupils’ ability and home background.

e Value-added measures are more than a comparison of the effectiveness of
different schools or teachers, they also enable us to track and predict the progress

of individual pupils.
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Value-added data are high quality data. They measure the progress of individual
pupils when compared with the progress made by similar others. Therefore,
comparison is made on a “like with like” basis.

Value-added data provide the means to evaluate and monitor curriculum learning
Feedback about value-added analyses could be useful for internal evaluation and
development purposes for schools and teachers

Although this thesis argues against its use as a public accountability system, well
handled value-added information seems to be a better indicator about quality and
effectiveness of teaching and learning than raw results. If league tables about
school performance are used in public, value-added information alongside with
raw results will reduce bias in reporting and interpretation.

Instead, the author of this thesis thinks that pupils’ progress, represented by the
difference between outcome and input measures, seems to be a better indicator.

Value-added measuring techniques enable adjustments for input factors to be

made.

Value-added analyses can provide useful information for:

parents in making choices about schools,
for teachers and schools as a mean of self-evaluation,
schools to develop their plan of future work, and

educational authority agents (e.g. DfEE, LEA) to make schools accountable for

their work.

In this study, the purpose and the use of value-added measures are restricted to

internal evaluation and development of the schools and the teachers. Unlike formal
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assessment of educational performance (e.g. SATs), the use of data reduces the
pressure and/or the temptation to cheat and increases the motivation for teachers and
schools to participate. Special attention is paid to the “alterable” classroom variables,
such as motivation, groupings, attendance, ...etc. Issues about its use as a public
accountability system have already been reasonably well addressed in the Value-
added National Project. Therefore, the use for public accountability (e.g. league table)
is not considered in this thesis in order to avoid going too far from its fundamental

interest of how teachers teach and how pupils learn.

(2-1-4) A technical study on the calculation of value-added measures in this thesis

(2-1-4A) What is this study about?

Background

So far research findings consistently report that pupil academic achievement can best
be predicted by their prior achievement (e.g. Saunders, 1999). Alternatively, in the
Value-added National Project final report, Fitz-Gibbon (1997) suggests that it can also

be reasonably predicted by their developed ability.

Due to the lack of prior value-added data for many classes or teachers participated in
this thesis, the data to be used in this thesis are mainly collected from the prediction
made on the basis of concurrent value-added approach. The author wants to carry out
an investigation of the significance in predicting pupils' performance in maths and

reading by their developed ability (i.e. verbal and non-verbal) as well as testing the
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significance of the links between prior-value added measures and concurrent value-
added measures. It is also hoped that the study will enable readers with a better

understanding of the calculation of outcome measures in the thesis.

Aims

The purpose of this study is to:

1. verify the statistical significance of making predictions of educational
performance using context scores (i.e. 50% of picture vocabulary measure, 40% of
problem of positions measure and 10% of home background measure) or average
prior attainment (i.e. the average of maths and reading attainment in the previous
academic year), and

2. investigate the extent of contributions of and the correlation between the two sets
of outcome measures.

3. equip readers with a better understanding of the calculation of value-added with

the use of practical data.

(2-1-4B) How to investigate?

Sampling

Basically, data in this study come from a convenient sampling procedure. The main

reason is that the availability of prior value added data of a school in PIPS greatly

depends on the participation of the school in the previous assessment year.
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Presumably, data of the cohort would have been collected two years before collecting

academic achievement data of current year.

As prior achievement data at pupil level is rarely available from the schools involved
in this study, the present set of data is the only one that contains both prior
achievement measures and concurrent achievement measures of several teachers in a
target school in the thesis. One of the classes in this school is also involved in a
research and development project reported in this thesis. Further description about the

school is available in Chapter 6, section 6-5.

The availability of data for the specific investigation task acts as the major criterion

for sampling.

Research hypotheses

It was expected that:

1. there is a link between pupil academic achievement (i.e. maths and reading) and:
e the context score, or
e the average prior attainment.
2. there is a link between the prior value-added measure and the concurrent value-

added measure.

The first research hypothesis is assessed by two multiple regression models,

predicting maths and reading attainment in 1997/98. In each model, the context score
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in 1997/98 or the average prior attainment in 1995/96 was used as the predictor. Pupil
maths and/or reading attainment measures are derived from a PIPS test. An
illustration of the content of the test is presented in Illustration I2-1A below. After
administering the test, pupils' raw scores in maths and/or reading are converted into a

standardised T-score (i.e. standardisation carried out at pupil level), which formed as

the maths and reading attainment measures.

The second hypothesis is evaluated by a correlation test of prior value-added measure

and concurrent value-added measure.
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Illustration 12-1A: An example of each type of outcome measures in PIPS tests

THE ASSESSMENTS

The Year 4 assessments consist of 3 main sections: Contextual data
Mathematics
Reading.

Each section takes approximately half an hour to administer. With the exception
of the reading test, every question is read aloud to the pupils taking part.
Contextual data

At present, in order to work out the Value Added scores, information is collected
in relation to the pupils which is referred to as contextual data. This includes a
picture vocabulary test, a non verbal ability test and a measure of home
background. We know from research findings that schools have little effect upon
these. Examples are shown below: ’

Picture Vocabulary

The administrator reads out a word. The pupil is required to draw a ring round
the picture from a choice of 5 which they consider to represent the word.

For example:
The word for this question is vehicle.

s | @ q

-o,o 90— 90

Home background

In order to get a measure of home background pupils are asked questions such
as:

When you are not at school do you visit museums and art galieries ?

No Sometimes Yes, often

57




Non verbal ability

It is possible to measure non verbal ability using a culture fair test which
determines the degree to which children are successful in recognising shapes
and patterns. This Problems Of Position (POP) test was developed by an
educational psychologist at Newcastle University.

The idea is that pupils join up the dots on the left hand side and then find and
join up the same pattern of dots on the right hand side.

The POP test has a time limit during which the pupil has to work through as
many questions as they can.

Example:
O
OO0 00
Q
@)
QO
O

Attitude and self esteem

In addition to the above sections, we include a short questionnaire which
provides pupils with the opportunity to express how they feel about aspects of
reading and mathematics, as well as school life in general. This is presented in
a way which is considered appropriate and enjoyable for children of this age.

| enjoy doing sums ® ® ©

People are nice to me in @ @ ©
school
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The achievement measures
The pupils’ achievement in mathematics and reading is compared with their
contextual score.

Mathematics

The Mathematics National Curriculum document was studied and questions
were developed relating to each attainment target.

Below are 2 examples:

What number could * be in this sum?

* 4+ 4 = 20

Look at the numbers in the grid.

1121418
2 1417?2116
3 16112124
4 [ 8 (16132

What is the missing number?

Reading

This section consists of a series of activities designed to measure reading
strategies and comprehension.

(2-1-4C) Why is this study adding value to the understanding of value-added

measures in this thesis?
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The results

The results of the linear regression models above are reported in Table T2-1-6 below.
As all the ANOVA and all the estimation of beta coefficients are statistically
significant at p < .01 level, the results confirm that both prior achievement or ability
measures are significant predictor for reading achievement. The former explains about
45% of the variance in T-score and the latter explains about 44% of the variance.
Similarly, both prior achievement or ability measures are also significant predictor for
maths achievement. The former explains about 53% of the variance in T-score and the

latter explains about 38% of the variance.

Generally speaking, the percentage of explainable variance reported in the studies
above are lower than the figures mentioned in the literature review above. The major
reason is the small sample size used in this study, when compared with the large
sample size in studies mentioned in related literature. As the size of coefficient of
determination is ranged from 0.61 to 0.73 and all of these estimations are statistically
significant at p < .01 level, it means that each of the predictors are reasonably good at

predicting the respective dependent variable.
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Table T2-1-6: The results of linear regression models predicting academic

performance in 1997/98

Dependent variable Predictor R- ANOVA | Beta | Sig. of
square (sig.) beta
maths score in 1997/98 context score in 1997/98 38 .000 61 .000
maths score in 1997/98 | prior attainment in 1995/96 .53 .000 3 000
reading score in 1997/98 | context score in 1997/98 44 .000 67 .000
reading score in 1997/98 | prior attainment in 1995/96 45 .000 .67 .000

Remark: The prediction was made on the basis of data of 70 pupils from three teaching groups of a school.

In the computation of value-added, a linear regression line will be plotted as a best fit
line in each of the linear regression model above. Then the value-added (i.e. residuals)
of individuals will be computed by working out the difference between the academic
attainment in 1997/98 and the expected score on the linear regression line of the
respective pupil. Finally, the computed residuals will be normalised (i.e. with the
standard deviation equals to 1) at pupil level. This is the last step for the calculation of

value-added data in this thesis.

Note that the computational step of value-added measures in this section is slightly
different from the computational step in other value-added measures in this thesis.
Raw reading residual scores are used here mainly because the exact number of pupils

was unknown to the author and it hinders the normalisation process.

The second hypothesis is investigated by using the reading residuals and maths
residuals computed by the PIPS project team after the regression line was plotted at

pupil level with the use of data collected from a total of 2,026 Year 4 classes/teaching
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groups. The correlation between value-added in reading (i.e. reading residual)
computed on the basis of prior achievement and value-added in reading computed on
the basis of ability measure is 0.72. The correlation between value-added in maths
(i.e. maths residual) computed on the basis of prior achievement and value-added in
maths computed on the basis of ability measures is 0.76. The results lead to the
conclusion that the two approaches of predicting value-added are linked closely to
each other. Nevertheless, it might be worthwhile to note that “even if prior
achievement measures are available, teachers may still want to look at concurrent
general aptitude measures because there may be some pupils who have
‘underachieved’ throughout their school careers. These pupils could show satisfactory
value-added measures but still be achieving below their potential (Tymms and
Henderson, 1995, page 25)”. The statement provides further justification for the use

of cross-sectional value-added data, with the use of ability measures as predictors.

(2-2) Factors affecting effectiveness of teaching and learning: A review of models

of effective teaching and learning

In this section, we shall review some models of effective teaching and learning. This
will be followed by proposing a model of “effective curricular teaching and learning
supported by computers and other types of ICT”. The proposed model will be used as

the basis for the investigation in other chapters in this thesis.
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Learner’s characteristics and effectiveness

Hallam and Ireson (1999) summarises the personal factors relating to the child’s

learning outcome as the list below:

13

prior knowledge,

age and development factors,
abilities,

conception of learning,
meta-cognition,

cognitive and learning styles,
approaches to learning,
motivation,

effort,

well-being,

self-esteem,

self-efficacy,

gender,

ethnicity, and

social economic status.

(Hallam and Ireson, 1999)”
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Researchers (e.g. Saunders, 1998 and Thomas, 1998) also identified some “factors”
associated with educational progress, but over which individual schools or teachers

have little or no control. These include:

prior achievement

* sex

e cthnic group

e date of birth

e level of special educational need

¢ social disadvantage e.g. free school meal entitlement

e mobility

When cor_lsidering all these variables together in PIPS (see Section 2-1-3E for detail),
prior achievement is an outstanding factor in explaining pupils’ achievement. It would
enable researchers to predict about 50% of the variation in pupils’ current test results.
Social indicators only explain about 10% of the variation and pupils’ home
background cannot accurately predict their learning potential (Fitz-Gibbon, 1997).
Saunders (1998) further reported that pupil’s prior achievement and socio-economic
background account for up to 80% of the variance in pupil performance between
schools. In relation to the issue about the effect size of these factors, Mortimore and
Whitty (1997) argue for better methods to control these two factors in value-added
analyses. Fitz-Gibbon (1996) suggests the need to be cautious that “the effects of
home background are already present in the measures of prior achievement or
developed abilities”. When looking at its impact at pupil level from multilevel

modelling analyses, it only accounts for 9% of the variance in pupil performance
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(Fitz-Gibbon, 1991). In line with this, Reynolds et. al. (1996, p.137) state that only
8% to 12% of the total variance in pupil achievement is contributed by the school. In

primary schools, the effect size seems to be stronger than that of secondary schools.

A model with control for prior achievement would differ from another model with
control of socio-economic factors. A model with control for both factors is likely to
have a higher proportion of explained variance than each of the two independent
models. Even so, one should note that a model with a lot of potential factors does not
seem to be good at all because multiple regression is a maximizing procedure. The
proportion of explained variance would increase even whenever an additional variable
is put into the equation for making prediction. Fitz-Gibbon (1996) warns that it is
"dangerous to include too many predictors in a regression equation" and suggests the

need for "cross-validation".

We should also consider the fact that there were considerable time-to-time variations
in educational progress. For instance, Tymms (1997) reported that at the end of key
stage 2, the correlation between pupils' average English task levels (i.e. similar to
pupils' average English marks/scores) in 1995 and in 1996 was 0.62, while the
correlation between pupils' average maths task levels (i.e. similar to pupils' average

maths marks/scores) in 1995 and in 1996 was 0.68.

Thomas (1998) also reported that some schools that may appear to be effective in
terms of the overall progress may not be so effective for different groups of pupils.

For example, different effects could be found between girls an<li boys and between
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pupils from different social backgrounds. These issues indicate the significance of

internal variations in effectiveness within an institution.

The characteristics of effective schools

Perhaps the next question to be considered is “Besides pupil factors, to what extent do
school and classroom factors affect pupil outcome?” According to Creemers (1994),
about “12% to 18% of the variance in student outcomes can be explained by school
and classroom factors when we take into account the background of the students”.
Sammons et. al. (1995) also suggested that the most modest estimation would be
between 8% and 10%. Unfortunately, further differentiation between the contributions

of schools and the classroom teaching is not available.

It might be worthwhile to note that the unique contribution of the effectiveness at
school level is mainly the results of educational management and administration.
These issues are not the topic of interest of this thesis. Instead, the focus of this thesis
is on the effectiveness of learning and instruction, which includes effectiveness at
pupil and teacher level. A brief summary of the major factors affecting school
effectiveness in a “value added” perspective, is listed in Dlustration 12-2A. Having
said that, these school-level factors are reasonably different from the factors which
focus on the effectiveness of learners and factors which focus on the effectiveness of

instruction.
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Illustration 12-2A: Factors affecting school effectiveness

ELEVEN FACTORS FOR EFFECTIVE SCHOOLS

1 Professional leadership Firm and purposeful
A participative approach
The leading professional

2 Shared vision and goals Unity of purpose
Consistency of practice
Collegiality and collaboration

3 A learning environment An orderly atmosphere
An attractive working environment

4 Concentration on teaching and learning Maximisation of learning time
Academic emphasis
Focus on achievement

5 Purposeful teaching Efficient organisation
Clarity of purpose
Structured lessons
Adaptive practice

6 High expectations High expectations all round

Communicating expectations
Providing intellectual challenge

7 Positive reinforcement Clear and fair discipline
Feedback

8 Monitoring progress Monitoring pupil performance
Evaluating school performance

9 Pupil rights and responsibilities Raising pupil self-esteem
Positions of responsibility

Control of work

10 Home-school partnership Parental involvement in their
children’s learning

11 A learning organisation School-based staff development

Source: From Sammons, Hillman and Mortimore, 1995.

The characteristics of effective classroom

The term “classroom” in this section refers to the teaching context. So, the scope of
“effective classroom” will include the concepts of “effective teaching”, “effective

instruction” and “effective instructional environment”.

To investigate the characteristics of an effective teaching context, some literature

looked at the requirement of the subject curriculum as well as the requirement of the
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teacher. For example, in teaching literacy, Medwell et al prepared a list of things that

literate children should be able to do by referring to the requirements of the National

Literacy Project. They state that literate children should:

13

read and write with confidence, fluency and understanding;

be interested in books, read with enjoyment and evaluate and justify their
preferences;

know and understand a range of genres in fiction and poetry, and understand
and be familiar with some of the ways that narratives are structured through
basic literary ideas of setting, character and plot;

understand and be able to use a range of non-fiction texts;

be able to orchestrate a full range of reading cues (phonic, graphic, syntactic,
contextual) to monitor and self-correct their own reading;

plan draft revise and edit their own writing;

have an interest in words and word meanings, and a growing vocabulary;
understand the sound and spelling system and use this to read and spell
accurately;

have fluent and legible handwriting.

There are three strands to the experiences which children need to develop these

competencies:

1. word level work: i.e. phonics, spelling and vocabulary,

2. sentence level work: i.e. grammar and punctuation,
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3. text level work: i.e. comprehension and composition.

(Medwell et. al., 1998)”

The research “Effective teachers of literacy” looked at the characteristics of teachers
whose pupils were making learning gains in literacy during the academic year. The
judgement concerning effectiveness were made by their peers, their headteachers and
inspectors, rather than on the basis of value added measures. As a summary of the
main findings of the research, Medwell et. al. reported that effective teachers of

literacy in the study tended to:
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o Believe that it is important to make it explicit that the purpose of teaching
literacy is enabling their pupils to create meaning using text. While almost all
tea‘chers would also endorse this aim, the effective teachers of literacy we
studied were very specific about how literacy activities at the whole text, word
and sentence levels contributed to such meaning creation.

e Centred much of their teaching of literacy around “shared” texts, that is, texts
which the teacher and children either read or wrote together. Shared texts were
used as a means of making the connections between text, sentence and word
level knowledge explicit to children, both as a vehicle for teaching specific
ideas at text, sentence and word levels and for showing how the features of
words, sentences and texts work together.

e Teach aspects of reading and writing such as decoding and spelling in a
systematic and highly structured way and also in a way that made clear to pupils

why these aspects were necessary and useful.
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e Emphasise to their pupils the functions of what they were learning in literacy.
Thus the rules of grammar, for example, were not usually taught as discrete
items of knowledge, but as connected features which would help children to
improve their writing for specific purposes.

e Have developed strong and coherent personal philosophies about the teaching of
literacy which guided their selection of teaching materials and approaches.
These philosophies enabled them to pull together their knowledge, skills and
beliefs in this area and helped give greater co-ordination to their teaching of
literacy.

o Have well developed systems for monitoring children’s progress and needs in
literacy and use this information to plan future teaching.

e Have extensive knowledge about literacy although not necessarily in a form
which could be abstracted from the context of teaching it.

e Have had considerable experience of in-service activities in literacy, both as
learners and, often, having themselves planned and led such activities for their
colleagues.

e Be, or have been, the English subject co-ordinator in their schools.

(Medwell et. al., 1998)”

In contrast, in the research project “Effective teachers of literacy”, Askew et. al.

(1997) introduces a broad working definition of numeracy:

“Numeracy is the ability to process, communicate and interpret numerical information

in a variety of context.”

70



By defining “effective” and “effectiveness” on the basis of learning gains, they found

that highly effective teachers of numeracy believed that:

e being numerate requires having a rich network of connections between different
mathematical ideas and being able to select and use strategies which are both

efficient and effective;
e almost all pupils are able to become numerate;

e pupils develop strategies and networks of ideas by being challenged to think,

through explaining, listening and problem solving;

¢ discussion of concepts and images is important in exemplifying the teacher’s

network of knowledge and skills and in revealing pupils’ thinking;

e it is the teacher’s responsibility to intervene to assist the pupil to become more

efficient in the use of calculating strategies.

Askew et. al. (1997)”

Highly effective teachers of numeracy “had knowledge and awareness of conceptual
connections between the areas which they taught of the primary mathematics

curriculum”. They used teaching approaches which:
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e connected different areas of mathematics;

o used pupils’ descriptions of their methods and their reasoning to help establish

and emphasise connections and address misconceptions;
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emphasised the importance of using mental, written, part-written or electronic
methods of calculation which are the most efficient for the problem in hand,;
particularly emphasised the development of mental skills;

ensured that all pupils were being challenged and stretched, not just those who
were more able;

built upon pupils’ own mental strategies for calculating, and helped them to
become more efficient;

encouraged purposeful discussion, in whole classes, small groups, or with
individual pupils;

used a variety of different assessment and recording methods to monitor pupils’
progress and to record their strategies for calculating, to inform planning and

teaching.

Askew et. al. (1997)”

In contrast, teachers who have low numeracy gains used teaching approaches which:

dealt with areas of mathematics discretely;

emphasised teaching and practising standard methods in isolation and applying
these to abstract or word problems without considering whether there were
alternative, more efficient ways of solving a particular problem,;

used assessment mainly as a check that taught methods had been learned rather
than as a means of informing subsequent teaching;

encouraged pupils to use practical equipment or any other method they felt

comfortable with;
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o dealt with areas of mathematics discretely, so as not to confuse the pupils.

Askew et. al. (1997)”

Both Medwell et. al. (1998) and Askew et. al. (1997) are interested in the teacher’s
belief systems and knowledge systems. They think that the two systems are the major
determinants of the teacher’s practices. The mechanism can be summairsed in
Illustration I12-2B. In relation to the findings reported above, both of the two research

teams have addressed three aspects of beliefs, including:

o Dbeliefs about what it is to be a numerate or literate pupil,
o Dbeliefs about how pupil learn to be numerate or literate, and

» beliefs about how best to teach pupils to be numerate or literate.

Both of the two research teams have addressed three aspects of knowledge, including:

» subject knowledge,
o pedagogical knowledge, and

¢ knowledge of pupils.
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Illustration 12-2B: The relationships between the teacher’s beliefs, knowledge
and classroom practices (Source: Askew et. al., 1997, page 18)

pupil
responses

teacher’s
practices

teacher’s
podagogic

content
knowledg

teacher’s
beliefs

It might be worthwhile to note that there is literature that looks at the characteristics of
effective teachers from different perspectives. For instance, Cullingford (1995)
suggested a list of factors affecting effectiveness in terms of teachers’ personality
without making a link to the subject they teach. They are sammansed in Table 12-2-1

below.
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Table T2-2-1: Personal characteristics of effective teachers

(Source: Cullingford, 1995)

Integrity

The quality of someone who is doing his best, modestly and
without self-consciousness. No teacher is ever perfect, but every
teacher can try to do better. Often we are doing better than we

think we are.

Learning

The quality of enjoying learning and sharing a sense of curiosity.
The process of learning is similar at all stages; and the teacher is
also involved in learning. Teaching is a chance to gain

knowledge and insight.

Organization

The quality of managing a classroom, with good preparation,

clear rules and expectations, attention to detail, the best use of

the classroom facilities, as well as knowing when to each the
class as a whole, in groups, or individually. 3

Communication

The quality of showing an interest in other people, both pupils
and colleagues, and being able to demonstrate that interest

through ideas, and stories, as well as through shared values.

Humour

We need a sense of humour to survive and to avoid being

burdened with all our other virtues.

Harris (1998) described factors affecting educational effectiveness in terms of

teachers’ teaching skills on the basis of the results in Mortimore’s study (1994). They

are listed as below:

e Organisational - to sort out materials and sources of information;

* Analytical - to break down complex sources of information;

¢ Synthesising - to build ideas into arguments;

e Presentational - to clarify complex information without harming its integrity;
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e Assessing - to judge the work of pupils so that appropriate feedback can be given;
e Managerial - to co-ordinate the dynamics of individuals, groups and classes;
e Evaluative - to improve teaching continually.

(Source: Harris, 1998 originates from Mortimore, 1994)”

Brophy and Good (1986) look at the relationships between teacher behaviour and

student achievement. They have identified a range of teacher behaviour that affects

student achievement. These factors are presented in Table T2-2-2.
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Table T2-2-2: Teacher behaviour that affects student achievement

(Source: Brophy and Good, 1986)

Factor affecting Further detail about the factor (i.e. teacher
student achievement behaviours)
Quantity of pacing of e opportunity to learn/content covered
instruction e role definition/expectations/time allocation

¢ classroom management/student engaged time
e consistent success/academic learning time
e active teaching

Grouping e whole-class versus
e small-group versus
¢ individualised instruction

Giving information e structuring

¢ redundancy/sequencing

e clarity

¢ enthusiasm

e pacing/wait-time
Questioning the e difficulty level of questions
students * cognitive level of questions

e clarity of question

¢ postquestion wait-time

e selecting the respondent

e wait for the student to respond

Reacting to student e reactions to correct responses

responses e reacting to partly correct responses

¢ reacting to incorrect responses

e reacting to “no response”

e reacting to student questions and comments

Handling activities e seatwork

e homework assignment
Context-specific factors | ¢ grade level

e student SES/ability/affect

e teacher’s intentions/objectives
e subject matter

In relation to the discussion about effective teachers of literacy or numeracy, readers
have to bear in mind that the personality, skills and behavioural aspects of effective

teachers are only components for effective teaching and instruction. There are other
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essential components e.g. teacher’s beliefs, subject knowledge, pedagogy,...etc. It
might be worthwhile to review some more literature and research findings of effective

teaching.

“Effective instruction” has a similar meaning to “effective teaching”, however, the
scope of its meaning can be wider than the latter. It might be worthwhile to note that
learning can take place without a teacher, and the teacher might not be physically
present when learning takes place. For example, a child can learn by following the
instructions of an activity book or of a computer software application. In line with
this, Kamphaus, Yarbrough and Johanson (1990) discuss in detail the contribution of
computer-assisted instruction to school psychology. So, the concept of “instruction”

often covers and may go beyond the concept of “teaching”.

A typical t;,xample of this is a list suggested by Algozzine and Ysseldyke (1995). They
suggest that teaching activities are provided for each of the four components of
effective teaching - planning, managing, delivering, and evaluating instruction.
Teaching activities are also presented at three different levels - principles, strategies
and tactics. The structure of the teaching principles for the four components of

effective teaching is presented in Table T2-2-3 below.
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Table T2-2-3: Teaching principles for four components of effective teaching

(Source: Algozzine & Ysseldyke, 1995, page 5)

Components Principles

Decide what to teach.

Planning Instruction | Decide how to teach.

Communicate realistic expectations.

Prepare for instruction.

Managing Instruction | Use time productively.

Establish positive classroom environment.

Present instruction.

Teach thinking skills.

Motivate students.

Delivering Instruction | Provide feedback.

Provide relevant practice.

Keep students actively involved.

Modify instruction.

Monitor student understanding.

Monitor engaged time.

Evaluating Instruction | Maintain records of student progress.

Inform students of progress.

Use data to make decisions.

Make judgements about student performance.

Readers may realise the ideas about effective teaching suggested by Algozzine and
Ysseldyke (1995) are presented in a hierarchical framework. The tactics they suggest
are guided by a group of strategies. These strategies are governed by a group of

principles (as stated above), and the principles are guided by one of the four
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components of effective teaching. The ideas can be used as guidelines for effective

instruction and/or improvements in instruction.

Another systematic presentation about effective instruction is proposed by Slavin
(1995). He identifies critical elements of school and classroom organisation and their
inter-relationships. By focusing on “alterable” elements, he proposes the QAIT model.

The four major instructional elements proposed in the model are:

1. Quality of instruction,
2. Appropriate levels of instruction,
3. Incentive, and

4. Time.
The model emphasises that all the four elements must be adequate for instruction to

be effective. The relationships between the four elements can be described as a

“systematic”. A graphical presentation of the model is available in Illustration 12-2C.
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INlustration 12-2C: The QAIT model (Source: Slavin, 1995)
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It is worthwhile to pay attention to several features of the QAIT model. Firstly,
special attention is paid to “alterable” variables in education. It doesn’t mean that
student input variables are not completely unchangeable by classroom practices,
however, they are greatly influenced by earlier instruction, specific training in
thinking, problem-solving, or study skills, or by general intellectual stimulation or

learning skills provided by the school. These variables are also changeable by
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classroom instruction in the long run. As our major interest is in the effectiveness of
classroom instruction, the emphasis has to be placed on variables that can be directly
altered by the school or teacher, while student inputs of this kind can be considered
fixed. The idea is similar to the “value-added” approach in education in which the

LA 13

emphasis is placed on the pupils’ “progress” made in the education process when
compared with other pupils from similar intakes. We shall discuss the value-added

approach in the next section.

Secondly, the effects of these “alterable” variables are mediated by two time-related
variables - “instructional efficiency” and “engaged time”, as presented in the model.
After having a thirty-minute session in a classroom with high instructional efficiency,
pupils will learn more than they will learn from a thirty-minute session in a classroom
with low instructional efficiency. Similarly, pupils are likely to benefit more from
learning a;:tivities in which they participate highly (i.e. paying attention to teaching
and doing assignments) than learning activities in which they do not. Thirdly, the
QAIT model emphasis the “multiplicative” relationship between instructional
efficiency and engaged time. The implication is that it may be more effective to
design instruction to produce moderate gains in both components than to maximize
gains in only one. Slavin (1996a) suggests, “teachers need to be sure that if they solve

problems relating to one element they do not cause new problems relating to another”.

The Instructional Environment System - II (TIES-II) proposed by Ysseldyke and
Christenson (1993) is another model of effective learning that has strong emphasis on
the importance of the instructional environment. They clearly confirm their belief in

Carroll’s model of school learning in relation to the time factor. As in Illustration I12-
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2D-1, they define instructional effectiveness on the basis of the time factor. The
“degree of learning for an individual student” is defined as a function of the “time the
student actually spends learning” divided by the “amount of time the student actually
needs to learn. The emphasis on the time factor is fairly similar to the “instructional
efficiency” factor in the QAIT model. However, unlike the QAIT model, the TIES-II
authors think that there are many factors influence academic outcomes, in addition to
the time factor. In reviewing literature about factors affecting instructional outcomes,
they propose an extensive list of classroom and home factors. The list of factors is

presented in Table T2-2-4.
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Illustration 12-2D-1: A graphical presentation of interpretation of

Carroll’s (1963) model of instructional effectiveness

(Source: Ysseldyke & Christenson, 1993)
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Table T2-2-4: Factors said to be or shown to be related to student outcome

(Source: Ysseldyke and Christenson, 1993, page 7-9)

Factor affecting
academic outcomes

Detail descriptions of the factor

Student
characteristics

Cognitive and affective entry behaviors

Abilities (cognitive, psychomotor, psycholinguistic, etc.)
Prior learning or knowledge

Level of skill development

Ability to understand instruction

Motivation

Task persistence

Learning rate

Time needed to learn

Attentional set

Individual differences in locus of control, achievement,
motivation, cognitive style, conceptual tempo, anxiety,
attribution patterns, attitudes,...etc.

Learning styles

Cognitive types

Naturally occurring pupil characteristics (race, sex, physical
appearance,...etc.)
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Environmental
factors

School District Conditions

Mileage rate

Teacher-pupil ratio

Extent to which there is an emphasis on basic skills
Amount of homework assigned

testing)
¢ Process by which the curriculum is developed
e Attendance

Within-School Conditions
e Class size
e School ambiance

problems

Leadership from the principal
Cooperative environment

Collaborative staff relations

Degree of structure

Clarity of classroom rules and procedures
Academic focus: high expectations

General Family Characteristics

Empbhasis on test-taking (including minimum competency

Extent to which the school climate is fee from discipline

e Status characteristics (Socioeconomic Status [SES], and the
income level, educational level, and occupation of parents)

e Use of out-of-school time
e Peer group outside the school

Instructional
Factors

Planning instruction
o Sufficient time allocated to academic activities
¢ Quality of the teachers’ diagnosis of student skill level

e Prescription of appropriate tasks that are clearly matched to

student skill level
o Realistic, high expectations and academic standards
¢ Instructional decision-making practices (grouping,
materials, ongoing diagnostic ability)
o Sufficient content coverage

¢ Instruction designed to include lesson presentation,
practice, application, and review

¢ Kind of curriculum (spiral vs. sequential)
Managing Instruction
¢ Efficient classroom management procedures

o Well-established and efficient instructional organization
and routines

e Productive use of instructional time
e Positive, supportive classroom interactions
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Delivering instruction

The Instructional sequence includes demonstration,
prompting, and provision of opportunity for practice

Expectations (goals, objectives, academic standards) are
communicated clearly

Lesson Presentation-Related Factors:

- Extensive substantive teacher-pupil interaction, teacher
questioning, signaling, explaining

- Teacher-directed instruction (proceeding in small steps,
carefully structuring learning experiences, etc.)

- Clear demonstration procedures and systematic use of
error correction procedures

- High rate of accurate student response

- Amount of guided practice prior to independent practice
- Explicitness of task directions

Practice-Related Factors:

- Amount and kind of independent practice

- Appropriateness of seatwork activities

- Systematic application of principles of learning to
Instruction

- High rates of academic engaged time (academic learning
time; opportunity to learn)

- Brisk, fast pacing (curriculum and lesson)

- Degree of student accountability

- Systematic, explicit feedback and corrective procedures

Monitoring and Evaluating Instruction

Active monitoring of seatwork activities
High success rates (on daily and unit tests)
Frequent, direct measurement of pupil progress

Progress through the curriculum dependent upon on
mastery criteria

Curriculum alignment (the relationship between what is to
be taught [goals], what is taught [instruction], and what is
tested [assessment])
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On the basis of the factors affecting effectiveness above, Ysseldyke and Christenson
proposed a list of 17 component factors that affect learning outcomes. Among these
factors, 12 refer to classroom environment and 5 of those refer to home environment.
They are presented in Table T2-2-5. On the basis of these components, the authors
design observation forms, interview record sheets for the teacher and students as well

as intervention planning form.

Table T2-2-5: The Instructional Environment System-II (TIES-II)

(Source: Ysseldyke and Christenson, 1993, page 13)

The 12 Instructional Environment The 5 Home Support for Learning
Components Environment
1. Instructional Match 1. Expectations and Attributions
2. Teacher Expectations 2. Discipline Orientation
3. Classroom Environment 3. Home Affective Environment
4. Instructional Presentation 4. Parent Participation
5. Cognitive Emphasis 5. Structure for Learning
6. Motivational Strategies
7. Relevant Practice
8. Informed Feedback
9. Academic Engaged Time

10. Adaptive Instruction

11. Progress Evaluation

12. Student Understanding

Remark: Refer to Ysseldyke and Christenson (1993) for detailed descriptions of each of the

components above.

The emphasis on “flexibility” is the major characteristic of TIES-II. Instead of simply
proposing a model that fits for all learners, the TIES-II authors are concerned about

how the individual learner adapts to his or her own learning environment. When a

87



pupil is referred, school psychologists are responsible for assessing the instructional
environment of an individual learner through observation and/or interviews. The
assessments are defined as “ecological” by the authors because they specifically refer
to the learner’s own instructional environment. The data collected is used for planning
and intervention purposes. So, the fundamental reason for the flexibility of TIES-II is
that variables associated with the teaching and learning context are taken into

consideration.

Further to QAIT, the model proposed by Creemers (1994) has an alternative view
towards the relationship between quality of instruction and educational effectiveness.

It suggests that the quality of instruction contains three major components. They are:

e curriculum,
e grouping procedures, and

e teacher behaviour.

Unlike many other models of educational effectiveness, Creemers thinks that each of
these components of educational effectiveness contains a set of effectiveness-
enhancing characteristics, which are quite similar across the three components. He
stresses that the effective characteristics of each effective component have to be
consistent with effective characteristics of similar nature. He states, “the same
characteristics of effective teaching should be apparent in the different components. It
is even more important that the actual goals, structuring, and evaluation in curricular
materials, grouping procedures, and teacher behaviour are in the same line....In this

way a synergetic effect can be achieved” (Creemers, 1994).
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To move a step forward, the “Chaos theory” or “dynamic systems theory” of effective
schooling (see Griffith, Hart & Blair, 1991 for detail) suggests that in a general state
of disequilibrium of an organisation or a system, ‘“small causes” may have “big
effects” on the effectiveness of schooling (e.g. Scheerens, 1997; Tymms, 1994). In
applying the idea to an instructional system in our discussion, instructional
components or elements have their own role to play in the system. A problem
associated with one of the instructional components or elements can possibly cause
big negative impacts on the whole system when it is in a general state of
disequilibrium. The theory is in line with, and is a step forward from, the idea of
consistency between instructional components or elements suggested by Creemers

(1994).
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Illustration 12-2D-2: A model of educational effectiveness on the basis of the

consistency between effective characteristics and components (Source: Creemers,

1994, page 12)
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The model suggested by Creemers appears to be reasonably comprehensive. It bears
the emphasis of the importance of “subject” or “curriculum” proposed by Askew et.
al. (1997) and Medwell et. al. (1998), the importance of “grouping” identified by
Brophy and Good (1986) as well as the importance of “quality of instruction” stressed
by Slavin (1995, 1996a), Algozzine & Ysseldyke (1995) and Ysseldyke &
Christenson (1993). Furthermore, the concept of “consistency” proposed by Creemers
(1994) is reasonably compatible with the concept of “multiplication” stressed by
Slavin (1995, 1996a). Both of them are in favour of preparing instruction as a system,
rather than as isolated instructional elements. To be effective, these components work
together simultaneously because they are complementary to some other elements in
the instructional system. This lends support to the use of multiple regression technique
in predicting learning attainment. We shall come back to this in Chapter 4 of this

thesis.

Having said that, one of the limitations of the model above is that the relationships
between the variables are assumed to be one-way in nature. In fact, many educational
variables are bi-directional in nature. For example, the teacher may learn from the
pupils when he/she teaches. The model above is not comprehensive enough to explain
developments in the teacher’s belief and knowledge systems, as the mechanism

suggested by Askew et. al. (1997) does.

The last model to be reviewed here is an integrated model of school effectiveness
proposed by Scheerens (1990). A diagram of the model is presented in Illustration 12-
2E. The model has two major characteristics. Firstly, it adopts an input-output

approach in analysing the productivity of schooling. Secondly, unlike other models in
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this section, this model has a multi-level structure. The effects of classrooms are
nested in schools, and the effects of pupils are nested in classrooms or teachers. It is
assumed that higher level conditions somehow facilitate lower level conditions. So,
there are “cross-level” effects. Having said that, it may be worthwhile to note that the

scope of this thesis rests on the effects at pupil level and at classroom level, but not

the effects at school level.
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Illustration 12-2E: A model of school effectiveness that shows the relationship

between the effects at school level and at classroom level

(Source: Scheerens, 1990)
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(2-3) A proposed model of teaching and learning supported by computers or

other types of ICT

So far, we have looked at the characteristics of effective learners as well as the
characteristics of effective classroom instruction. None of the models above are
satisfactory in explaining the effectiveness of teaching and learning with or without
the use of ICT. To move a step forward, it is worthwhile to consider integrating our

knowledge about effective learning and effective teaching.

Biggs’ 3P model is one of the most comprehensive models that incorporate learner
characteristics and teaching context. A diagram of the model is presented in
Illustration 12-2F. The model divides classroom learning into three stages: presage,
process and product. Presage factors exist prior to the actual engagement in learning.
It contains two major components, including student characteristics and teaching
context. The factors in each of the two components interact. For example, “teachers’
perception of students’ motives or abilities influence their teaching decisions, while
students’ perceptions of the teaching context directly affect their motives and

predispositions, and their immediate decisions for action” (Biges, 199%2).

During the learning “process” stage, two types of mental activities are involved.
These include cognitive processes and/or metacognitive processes. Activities of the
former type involve the cognitive act of engaging or “processing” of the learning task.
During the process, “meta-learning” may simultaneously take place. For example, a
student may develop knowledge about how to tackle the learning task while he is

processing it and a teacher may develop knowledge about how to teach while he/she
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is performing the teaching job. The learning product is mainly attributed to the
processing of the learning task. It is also directly affected by the two components of
the presage. For instance, the ability of the learner appears to be one of the “student
input” factors that have a direct impact on learning outcomes, and the amount of
teaching time also have a direct impact on learning outcomes. Nevertheless, feedback
concerning learning outcome impacts on the learner, the teacher, and the learning
process. The feedback affects the learner’s future expectation, motivation, and
learning decision and it might further affect the teacher’s decisions about future

teaching.
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Illustration 12-2F: The 3P Model of Classroom Learning
(Source: Biggs, 1993a, page 8)
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So far, it might be worthwhile to draw attention to some of the characteristics of
Biggs’ 3P model. Firstly, it distinguishes different stages of teaching and learning, and
it considers them together as a two-way flow integrated system. Secondly, the model
considers learners’ characteristics and teachers’ characteristics. In theory, the
characteristics of effective teachers identified by Brophy and Good (1986) is included
as a part of the teaching context in Biggs’ model. Thirdly, the impact of the “teaching
context” is treated as one of the major determinants for the “learning context” in the
task processing stage. The importance of “subject” or “curriculum”, as proposed by
Askew et. al. (1997) and Medwell et. al. (1998), is considered as a part of the teaching
context. Fourthly, similar to Slavin (1995, 1996a), Algozzine & Ysseldyke (1995) and
Ysseldyke & Christenson (1993), the model stresses the importance of the “quality of

instruction”. It considers the impact of teaching method on the learning process as
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well as meta-teaching. It provides the basis for teacher learning and development
through teaching practices. Fifthly, Biggs (1993b) considers the application of the
model as several nested micro-systems. A number of student systems are nested
within the classroom system. A number of classroom systems are nested within the
institutional system, and a number of institutional systems are nested within the
community system. At classroom level, Biggs states, “the equilibrium here involves
teacher perceptions of student competencies and curriculum needs, setting of tasks,
students perceptions of task demands, teaching and learning processes, and learning
outcomes. Where disequilibrium exists, accommodation occurs. For example,
perceptions of task demands that do not match perception of teaching processes can
either lead to low level outcomes, or to attempts by students to supplement teaching”
(Biggs, 1993b). It is obvious that the model has considered educational effectiveness

from a multi-level perspective.

Having said that, it might be worthwhile to note that there are limitations in the scope
of the model and its application. Firstly, the model does not clearly describe the
effects of “grouping”, which is identified as one of the factors affecting the
effectiveness of education. Secondly, the setting of aims and objectives of the learning
task is not clearly defined in the model. Theoretically speaking, this is the starting
point of the teaching process and it is likely to happen before the learning process
begins. Thirdly, like many models of educational effectiveness or models of teaching
and learning, the role of ICT or resource-based teaching does not have a unique role

in the model.
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In line with the second point above, Hallam and Ireson have made an attempt to
update Biggs’ model of teaching and learning with considerations of the requirement

of the learning task. A diagram of the revised model is presented in Illustration 12-2G.
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Ilustration 12-2G: A revised 3P model
(Source: Hallam & Ireson, 1999, in Mortimore (Ed.), page 79)
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The major revision proposed by Hallam and Ireson (1999) is the addition of the “task
requirements” component of teaching and learning to the 3P model. The new
component is determined by learners’ characteristics and by the teaching context.
Besides the two presage components suggested in Biggs’ 3P model, the component
becomes an additional factor that affects the “process” stage of teaching and learning.
So, it is obvious that Hallam and Ireson have noticed the limitation of the 3P model in

explaining the importance of a teaching plan.

As the relationship between the “task requirements” components and the “processing
of teaching and learning” is defined as a one-way flow system, the model is unable to
explain changes or adjustments in teaching plans. For instance, teachers may need to
change their pre-set requirements of the learning task when they have discovered that

it is too difficult for most of the pupils in class to achieve. Furthermore, in a resource-
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based learning system, computers or some other ICT nowadays can select and/or
make adjustments to the instruction in response to the learner’s specific needs. That
means, the relationship between “task requirements” and “processes of teaching and
learning” is likely to be interactive in nature. We shall come back to the latest

development of the 3P model later.

As the major interest of this thesis is in teaching and learning supported by computers
or other types of ICT, it would be good to review several learning models constructed
from an instructional design perspective. Readers have to bear in mind that teachers
may and may not be directly involved in the learning process, which is reasonably
different from other teaching and learning models. The first model to be reviewed
here is proposed by Romiszowski (1988) and it also has close alignments to the
interactive relationship between “task requirement” and “processes of teaching and

learning” above. A diagram of the model is presented in Illustration 12-2H.

Illustration 12-2H: Three essential types of communication during the

instructional process (Source: Romiszowski, A.J., 1988, page 7)
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In the model, the instructional system transmits a variety of messages to the learner.
These include the task requirements, the content and the procedure of the learning
tasks. In return, the instructional system may receive information on learning progress
from the learner. The received information may lead to two types of response to the
learners. These include adjustments of the information to be learnt and/or providing
feedback information to the learner. Computer-managed instruction can be an
example of the former type. Information on learning progress can help in the selection
and/or making adjustments to the information to be transmitted to the learner in order
to suit for the learner’s individual needs. The change of task requirement could be an
example of adjustments of this type. Information on learning progress also facilitates
the provision of feedback to the learner. For example, the learner may need some

corrective feedback or other forms of guidance in learning.

Romiszowski (1988) has particular interest in outlining various factors that may affect
the choice of media. An attempt is made to summarise the inter-relationships between
the major factors as a diagram. This is presented in [llustration 12-21. In the model,

five major factors affecting media selection are proposed. These include:

113

e instructional method e.g. one-direction medium of presentation doesn’t seem
to be suitable for instructions aiming at sharing of experience,

e learning task i.e. it limits the choice of suitable methods of instruction and

affects the media choice,

e learner characteristics e.g. consider pupils’ IT skills before the decision of

using computers is made,
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e practical constraints e.g. administrative and economic factors affecting the
media choice, and
e human factors e.g. teacher’s teaching preference.

(adapted from Romiszowski, 1988)”

Illustration 12-21: A basic media selection model

(Source: Romiszowski, 1988, page 37)
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Furthermore, Rowntree (1994) thinks that the matching between learning tasks and
instructional media is an important step for the planning and development of
instructional materials. The author suggests that designers of instructional materials
analyse the instructional match between the two. One of the ways of doing it is to do

it as a chart format, as presented in Illustration 12-2J.
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Illustration 12-2J: An example of analysis of the match between learning tasks

and possible instructional media (Source: Rowntree, 1994, page 68)
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On the basis of results of the analysis in Illustration 12-2J, the first seven learning
tasks can be achieved effectively by using print and computer simulation.

Alternatively, the instructional designer may use print and practical work.

Nevertheless, to achieve the purpose of using computers effectively for teaching and
learning, teachers and pupils have to work collaboratively together. Perhaps
Laurillard’s (1993) conversational model is the most well-known mechanism for this
purpose. A diagram of the model is presented in Illustration 15-2B in Chapter 5. We
shall have further discussion about it when we address the issue about teacher

development and its relationship with the use of ICT.

So far, we have a review of various models of teaching, learning and instruction. It is
obvious that these models have their own strengths and weaknesses. In particular,
none of‘ them is comprehensive enough in explaining the mechanism of teaching and
learning with and without the use of ICT. Having said that, for the purpose of this
thesis, there is a need to have a model of this type to be a framework guide and to
explain specific phenomena in the thesis. It gives the background for proposing “a
model of effective curricular teaching and learning supported by computers and other
types of ICT” in this section. A diagram of the model is presented in Illustration 12-

2K.
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Illustration 12-2K: A model of effective curricular teaching and learning

supported by computers and other types of ICT
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Remark: The model is also prepared as detachable sheet by the author - Harrison Kar Him TSE, in his

PhD thesis “Promoting the effective use of computers to support the learning and teaching of
literacy and numeracy in primary education with attention to pedagogy, teacher reflection

and development” submitted to the University of Newcastle upon Tyne.
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The proposed “model of effective curricular teaching and learning supported by
computers or other types of ICT” is presented in Illustration 12-2K. As in Biggs’ 3P
model (1993b), it is comprised of three major stages of teaching and learning. It also
attempts to link teacher, learner(s) with learning tasks and learning outcomes to form
an integrated system. Each of the boxes in the diagram represents a key component of
teaching and/or learning. There are also one-way arrows joining components in the
model. They are used to show the causal relationships from a component of the model

towards another component.

Generally speaking, the arrows pointing from left to right sides of the diagram show
the direct or indirect contributions of the respective components of teaching and
learning toward learning outcomes. The arrows that are printed in bold represent the
major effects because the contributions that these components made on learning
outcorr;es are large and crucial. The arrows pointing from right to left represent
feedback or review that involves reflection. They make direct and/or indirect
contributions to personal characteristics, including those made by the teacher and the
pupils. The paragraphs below will explain more about the model, starting from a
general framework of teaching and learning without the use of ICT in the upper part
of the model. This will be followed by an attempt to establish a paralle]l framework of
learning and instruction supported by computers or other types of ICT from a

resource-based teaching perspective.
Teacher and pupil(s) are the key parties in the model. Each of them has his/her own

characteristics and his/her role to play. One teacher may differ from another in terms

of experience, teaching style, pedagogy, qualifications, training, knowledge of the
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subject, personal conceptions, value, attitudes, educational aims and preferences,
ability, skills, personality...etc. One pupil may differ from another in terms of ability,
age, gender, social and racial background, prior knowledge, skills, preferred ways to
learn, conceptions, life goals, motivation, self-concept,...etc. As time goes by, the
characteristics of an individual may change in relation to his’her life experience.
These personal characteristics exist before the start of the teaching and learning
processes. They are the key elements of the two components of the presage of

teaching and learning.

One of the features of this model is the consideration of the discrepancy between the
time when teaching and learning processes begin. The teaching process is regarded as
a stage that starts before the learning process. It is proposed that teaching actually
begins by teacher’s perception of pupil characteristics and their educational needs.
The per‘ception leads to lesson planning and preparation, which may take place before
the process of pupil learning begins. In the planning and preparation, the teacher has
to offer a combination of his or her practical knowledge and skills about the teaching
and learning aims, methods, resources, learning context and about the curriculum,
classroom environment...etc. Leamning begins when pupil(s) perceive(s) the
behavioural actions of the teacher, which includes the instructional context prepared
by the teacher. It often takes place in the classroom. The effectiveness of teaching
behaviour depends on factors such as classroom organisation, management, grouping,
quality of instruction, the way the curriculum is implemented, and the use of

evaluation and feedback.
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Note that not all teacher behaviour consists of planned actions. In daily classroom
practices, often the teacher needs to handle unexpected events. Taking unplanned
actions may become unavoidable in practice. These actions are greatly affected by the
personal characteristics of the teacher. For example, generally speaking, teachers who
have good subject knowledge will be more competent in tackling complicated issues
about the subject than teachers who lack subject knowledge. Teachers who are trained
and/or experienced in handling children with special educational needs are likely to be
more capable in handling maladjusted/deviant behaviour in the classroom than those
who are untrained and/or inexperienced in this area. Teachers who are trained and/or
experienced in using ICT for subject teaching are likely to be more capable in
handling problems associated with the use of ICT than those are untrained and/or
inexperienced in using ICT. Planned actions are thoughtful and/or reflective in nature.
They may take place as actions with the application of learnt knowledge or actions
with c;itical evaluation of existing knowledge. Unplanned actions tend to be
spontaneous if the job to be done is a routine. However, especially when tackling
unexpected problems, it is possible that unplanned actions are taken after thought
processes or reflection. This is the reason why Schon (1987) thinks that professionals
need to develop the skill of reflection-in-action, which facilitates professional practice

and professional development.

In referring to the use of computers or ICT, the decision of using computers or ICT as
a key source of knowledge is often made at the lesson planning stage. The teaching
process may begin by the teacher’s awareness of the pupils’ needs and their thinking
or reflection about the potential contributions that computers or ICT may bring. In the

planning and preparation, the teacher has to offer a combination of his or her practical
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knowledge and skills about the resource, such as its aims, methods, instructional
design...etc. For example, the teacher may need to make decisions about hardware
and software selection, about resource allocation, about introducing IT as part of an
integrated curriculum or as a separate subject. Some teachers may be directly involved
in the design of the computer/ICT-based material, may adapt the material or prepare
supplementary material. The teacher also needs to offer practical knowledge about the
pupils, the computer/ICT-related learning environment, the teaching and learning
context and pay efforts to prepare the learning environment for their pupils. Learning
begins when pupils have gained access to the computer or ICT. Pupils are the primary
users of the computer or ICT. Sometimes, the teacher or other helpers may work
together with the children. For example, for very young children, the teacher may be
responsible for the operation of hardware and software. In addition to the instruction
provided by the equipment, the teacher may also give instructions. In a pure
comput‘er-based or resource-based learning environment, the information on the
computer is the only source of knowledge for pupil learning. In a computer-assisted
learning environment, pupils may learn from instructions provided by the computer as
well as from the instructions provided by the teacher. The effectiveness of
ICT/computer-based/assisted instruction depends on factors such as the quality and
appropriateness of instruction, the provision and functionality of equipment,
classroom organisation, management, grouping,...etc. To achieve effective learning,
activities with the use of computers and activities without the use of computers have
to be consistent, supporting each other. The integration of ICT activities and non-ICT

activities is a factor affecting instructional effectiveness.
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Pupils’ behavioural actions in the processing of learning tasks are mainly affected by
two components of the model. These include teacher behaviour and pupil
characteristics. In particular, the importance of pupil characteristics is fundamental
because the learner is the key person responsible for his/her learning behaviour. The
personal characteristics of the pupil are factors in the learning presage because they
exist before learning begins. These factors include ability, background, prior
knowledge, skills, value, attitudes, conceptions, motivation, expectations, learning
styles/approaches...etc. In the model, pupils’ behavioural actions in the processing of
learning tasks are determined by the tensions between the two components of teaching
and learning. For examples, a pupil’s low engagement in the learning task could be
attributed to his/her short concentration span, a negative attitude towards the learning
tasks, the lack of prior knowledge, and/or some other factors associated with the
teacher’s behaviour. When teaching and learning takes place in a learner-centred way,
pupil characteristics may have a greater influence than teacher behaviour.
Alternatively, when teaching and learning take place i & teachercented way, gual

characteristics may have a smaller influence than teacher behaviour.

In the model, the term “reflective teaching” is used to replace Biggs’ concept of meta-
teaching. It is a type of teacher learning and development that involves reflection. The
term “reflective learning” is used to replace Biggs’ concept of meta-learning. It is a
type of pupil learning and development that involves reflection. In other words,
learning and development can take place without involving reflection. Habitual action
or routine is a typical example. A detail description of the concept of reflection is
presented in Chapter 5 section 5-1-1. Nevertheless, the book written by Kember et. al.

(2001) is also a good source of reference.
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A pupil may improve his/her own way of learning when he/she is engaged in learning.
Similarly, a teacher may improve his own way of teaching when he/she is engaged in
teaching. Through reflection, information about the processing of learning task not
only have impacts on teacher behaviour, but also have impacts on the teacher’s
practical knowledge and skills. This kind of perception (or awareness) makes a
contribution to teacher learning and development. Nevertheless, pupils’ perception of
the behavioural actions of the teacher may have some effect on pupils’ behaviour in
the processing of the learning task(s). For instance, when pupils perceive that the
teacher is expecting factual information, it is likely that the pupil will prefer using a

surface approach of learning for the learning task.

In referring to the use of computers or ICT, pupils’ behavioural actions in the
proces;ing of learning with the use of computers or ICT are mainly affected by pupil
characteristics and ICT/computer-based/assisted instruction. For instance, a pupil’s
low engagement in the computer-based/assisted learning task could be attributed to
the functionality and quality of hardware and software, the quality and/or
appropriateness of instruction, the improper handling and/or usage of the
computer/ICT-related resources, and/or some other factors associated with pupil
characteristics. A common barrier for engagement in the processing of learning tasks
is poor IT skills and operation. Meta-instruction and reflective teaching also take
place in a computer/ICT-based/assisted learning environment. To be accurate, they
are named “meta-instruction” and “instructional development”. The former refers to
the improvement and adjustments in instruction on the computer by making use of

information about the pupil’s processing of learning tasks. Computer-managed
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instruction (CMI) is a typical example of this kind because it makes use of the
information to prepare a better learning environment for the pupil according to his/her
individual needs. Some software applications (e.g. some Integrated Learning Systems)
record information about the progress and/or achievements made by individuals on
the computer and the information used in the next computer/ICT-based/assisted
learning session, teacher record and/or in planning interventions. Unlike meta-
instruction that focuses on the operation of computers or ICT, this kind of information
contributes to the knowledge database of the computer/ICT. Such processes are called

instructional development in the model.

One of the characteristics of this model is that the processing of learning has to be
within the large box “instructional environment for curricular learning”. This
component of teaching and learning not only includes the scope of the curriculum, but
also th;a physical, psychological, social, organisational and cultural environment
where teaching and learning take place. In other words, it contains society’s
expectations about education and the environmental attributes associated with its
occurrence. The position of the processing of a learning task can be described as an
“equilibrium” through various framing and re-framing of the teacher’s pedagogy in an
applied teaching and learning context. Its position is determined by the tension
between the effects of teacher behaviour, pupil characteristics and the evaluation of
learning outcome. For example, in a teacher-centred classroom environment, the
position of the processing of learning tasks would likely be closer to the teacher
behaviour than to the pupil characteristic component of the model. In a pupil-centred
classroom environment, the position of the processing of learning tasks would likely

be closer to the pupil characteristics than to the teacher behaviour component of the
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model. In an assessment/evaluation-oriented classroom environment, the position of
the processing of learning tasks would likely be closer to the learning

outcomes/evaluation than the other two components of the model.

The model suggests that the processing of learning tasks should not go beyond the
scope of instructional environment for curricular learning, as expected by the society.
For example, in an extreme case, pupils might be highly engaged in learning tasks that
lead to undesirable learning outcomes. Similarly, pupils might be highly engaged on a
specific computer activity purely for leisure purposes, which does not lead to any
desirable learning outcome. According to the rationale of the model, this processing
of learning tasks will be classified as unacceptable because they are outside the

desirable instructional environment for curricular learning, as expected by society.

In teac};ing and learning processes, learning outcome is affected by three sources. The
first one includes the direct and indirect impacts of teacher behaviour and/or
ICT/computer-based/assisted instruction. Teacher behaviour or instructional media
can have a direct impact on the assessment and evaluation of the learning product. For
example, a pupil’s attitudes and behaviour towards an end-of-week test may be
different from his/her attitudes and behaviour toward an end-of-year examination.
Similarly, parents or teachers might have higher expectations when a child spends a
longer duration of time on a computer/ICT-related activity than when the child spends
a shorter duration of time on the activity. Pupil characteristics are the second source of
influence affecting learning outcomes, including direct and indirect impacts. A pupil
with high ability is likely to score higher in a test than a pupil with low ability. The

presence of direct relationship is straightforward. Our major interest in this thesis is
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not on the direct effects of the two sources, but on their indirect effects through the
processing of learning tasks. It includes the changes that pupils experience through the
processing of learning tasks with or without the use of ICT/computers. In other words,
our major interest is in the outcomes resulting from learning, rather than an evaluation

of academic achievement that may or may not be related to learning.

In the model, there are three types of feedback/review about learning outcomes. The
first one is the feedback/review about learning progress or attainment to the
processing of learning tasks. This kind of feedback/review has short-term effects on
reinforcing the pupil to engage in the learning tasks, no matter whether computers or
ICT are used or not. The second type of feedback/review has direct impact on pupil
characteristics. For instance, the notification of high academic attainment or good
learning progress will increase the pupil’s self-efficacy. In contrast, the notification of
low acéidemic attainment or poor learning progress may imply the need for relearning,.
The third type of feedback/review refers to feedback/review about pupils’ learning
attainment or learning progress. In the model, the impact of type of feedback/review
on teacher characteristics is indirect through teacher perception. In other words,
information about pupil learning outcome may have no impact on the characteristics
of the teacher if the information is not perceived by the teacher. Nevertheless, change
in pupil characteristics can also occur as a result of the pupil’s perception of the
teacher’s characteristics through personal contact, without any behavioural

involvement in the learning task(s).

Another characteristic of the proposed model is that it tries to explain teaching and

learning without the use of computers/ICT, learning and instruction completely based

114



on computers/ICT and both. In other words, it tries to incorporate traditional teaching
and learning, computer/ICT-based instruction and computer/ICT-assisted instruction.
The three parties in the teaching and learning processes include the teacher, the pupils
and the computer/ICT. An analysis of the inter-relationships between them is

presented by the Venn diagram in Illustration I12-2L.

Illustration I2-2L: A Venn diagram showing the inter-relationships between the

teacher, pupils and computers/ICT

Computers
or ICT

Remark/Keys: 1 - refers to the interactions between the teacher, pupils and
computers/ICT, 2 - refers to the interaction between pupils and
computers/ICT, 3 - refers to the interaction between the teacher and
computers/ICT, 4 - refers to the interaction between the teacher and
pupils.

In the Venn diagram, sector 4 is a unique representation of the traditional teaching and

learning activities. A typical example of the interaction between the teacher and the

115



pupils is question and answer activities. In referring to the proposed model, these
activities are represented by the component “processing of learning tasks” without the
use of computers or ICT in the upper part the model. In the Venn diagram, section 3 is
a unique representation of the interaction between teacher and computers/ICT without
involving the pupils. Using computers for the teacher’s own lesson planning and/or
administration purposes can be typical examples of activities of this type. As it does
not have any direct impact on learning, it does not refer to any particular component

of the model.

In the Venn diagram, sector 2 is a unique representation of the interaction between
computers/ICT and pupils without involving the teacher. Some Integrated Learning
System (ILS) activities that claim to be designed for pupils’ independent learning can
be classified as examples of activities of this type. In referring to the proposed model,
these a;:tivities are represented by the component “processing of learning tasks” with
the use of computers or ICT in the lower part of the model. To be specific, they are
named as computers/ICT-based activities because teachers are not directly involved. It
is different from the interaction between the computers/ICT, pupils and the teacher,
which is uniquely presented as sector 1 in the Venn diagram. Examples of activities of
this type include the use of computers/ICT for teaching presentation, the teacher using
computers/ICT to conduct a collaborative survey of the class, or the pupil’s
interaction with the computers/ICT with the presence and assistance of the teacher. In

referring to the model, they are named as computers/ICT-assisted activities.

The discussion above leads to the conclusion that the components in the model are a

detailed representation of the whole mechanism. In some situations, some of the
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components may not be active. For example, in a traditional teaching and learning
environment, only the upper half of the model is relevant. The lower half of the model
is not relevant because computers or ICT are not used. To compensate for the
weakness, the proposed model suggests readers replace the lower part of the model by
a mirror image of the upper part of the model. Similarly, in a pure computers/ICT-
based learning environment, the upper half of the model is not relevant. Readers are
advised to replace the upper half of the model by a mirror image of the lower part of
the model. In other words, the proposed model is perfectly able to describe activities
represented in sector 1 of the Venn diagram. A mirror image of the relevant part of the

model has to be used to describe activities represented in sector 2 or sector 4.

Finally, communication or interaction has a role to play in the proposed model. First
of all, there are two arrows linking the processing of learning tasks with the use of
comput‘ers/ICT and the processing of learning tasks without the use of computers/ICT.
In classroom practice, these effects refer to the contributions of grouping, peer
learning as well as the effects of transfer and/or integration between activities with the
use of computers/ICT and without the use of computers/ICT. In computer/ICT-
assisted activities, the interaction effects at pupil level exist in the transfer and the
integration between teaching and learning tasks with the use of computers/ICT and
teaching and learning tasks without the use of computers/ICT. To complete a teaching
and learning activity, learners may be required to work on learning task(s) with and/or
learning task(s) without the use of computers. The interaction effects at group level
exist when the computer/ICT group(s) exchange ideas with the non-computer/ICT
group(s), and vice versa. The model also suggests the existence of interaction between

teacher behaviour and the computer/ICT-based/assisted instruction. In an extreme
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situation, activities with computers/ICT and activities without computers/ICT may
take place simultaneously in the same classroom. It may happen that the teacher
interferes with the on-going instruction on the computer/ICT e.g. letting another pair
of pupils have a go on the computer/ICT. Alternatively, a pupil on the computer/ICT
may interfere with the behaviour of a teacher e.g. asking for help in handling technical
or operational problems. So, there are interactions between the two components of
teaching and learning. We shall come back to further details about the proposed
model in chapter 4 when the model is being used as the framework of investigation of

this thesis.
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Summary of Chapter 2

This chapter provides a review of literature, some theoretical models of effective

teaching and learning as well as some models concerning the educational use of

computers e.g. interaction between instructional system and learner, selection of

media. Various aspects of effectiveness are identified from a range of models,

which include:

e Links and the differences between effectiveness at school level, teacher level
(i.e. classroom level) and at pupil level.

e Subject differences e.g. numeracy and literacy.

e Teacher’s beliefs, pedagogic knowledge and practice.

¢ The personality of effective teachers.

 The impacts of teacher behaviour on pupil learning.

o The effectiveness of various aspects of instruction.

o The effectiveness of various aspects of the teaching and learning environment.

The measurement of teaching and learning effectiveness in this thesis inchodes

learning progress (e.g. value-added) and learning attainment. Attention is also paid

to the pupils’ developed abilities (i.e. verbal and non-verbal), attitude towards

learning as well as towards themselves and school learning.

A model of effective curricular teaching and learning supported by computers or

other types of ICT is proposed at the end of the Chapter. It has several unique

characteristics:

e It tries to explain teaching and learning without the use of computers/ICT,

learning and instruction completely based on computers/ICT and both (i.e.
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computer/ICT-assisted instruction). The integration of ICT activities and non-
ICT activities is a factor affecting instructional effectiveness.

The teaching process is regarded as a stage that starts before the learning
process. Teaching begins by the teacher’s perception of pupil characteristics
and their educational needs. Learning begins when pupil(s) perceive the
behavioural actions of the teacher, which includes the instructional context
prepared by the teacher.

The position of the processing of a learning task can be described as an
“equilibrium” through various framing and re-framing of the teacher’s
pedagogy in an applied teaching and learning context. It is determined by the
tension between the impacts of teacher behaviour, pupil characteristics and the
evaluation of learning outcome. The model suggests that the content of and the
way(s) of the processing of the learning tasks lie within the scope of curricular
learning and the associated instructional environment, as expected by society.
The proposed model stresses the role of communication or interaction at pupil
level and at group level. It pays attention to the contributions of grouping, peer
learning and the effects of transfer and/or integration between activities with

the use of computers/ICT and without the use of computers/ICT.
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o The key findings of the technical study in the calculation of value-added

measures in this thesis are summarised as the table below:

Section Hypothesis Result(s)
(i.e. It was expected that...) [Further reference]
2-1-4 | ..there is a link between pupil academic [Table T2-1-6]
achievement (i.e. maths and reading) and:
e the context score, or Yes**
e the average prior attainment. Yes**
2-1-4 | ..there is a link between the prior value-added | Yes** (+ correlation)

measure and the concurrent value-added measure.

[Table T2-1-6]

Keys: ** refers to statistically significant at p < .01 level.
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Chapter 3

Learning from the perspective of human-computer interaction, in/out-of school

learning with computers, subject preference, gender difference and learning

effectiveness

The aims of this chapter are to:

e provide a review of contemporary learning theories relevant to the pedagogical
use of ICT;

e investigate the inter-relationships between some computer-specific personal
characteristics, some other learning-related personal characteristics and learning
outcomes, and consider the pedagogical implications in relation to the use of ICT;

¢ consider some other factors affecting the effectiveness of learning with computers,
including:
¢ in-school and out-of-school usage of computers;

e subject preference;
e grouping; and

e gender difference.

122



- A list of the sections in Chapter 3 -

(3-1) Learning from the perspective of human-computer interaction, effectiveness and
the implications for teaching

(3-1-1) A review of learning theories and their pedagogical implications
(3-1-2) Personal characteristics and learning

(3-1-3) The focus of investigation in relation to a proposed model of learning and
teaching adapted from Biggs' 3P model

(3-1-4) Research method, data collection and data processing

(3-1-5) The inter-relationships between computer-specific characteristics, other
learning-related characteristics and learning effectiveness

(3-1-5-1) The links between pupil characteristics and learning effectiveness:
Pedagogical implications in relation to the use of computers or ICT

(3-1-5-2) The interactions between computer-specific characteristics and learning-
related characteristics

Part 1: The effect of interaction between self-rated competence in using computers
and surface learning motivation on learning outcomes

Part 2: The effect of interaction between self-rated competence in using computers
and academic self-concept (general) on learning outcomes

Part 3: The effect of interaction between self-rated competence in using computers
and concentration (in learning) on learning outcomes

(3-2) Further consideration of learning supported by computers and its effectiveness:
In-school and out-of-school learning with the use of computers, subject
preference in computer-related learning tasks, grouping and gender difference
in computer-related learning tasks, and learning outcome

(3-2-1) In-school and out-of-school learning with the use of computers, gender
difference in time spent on computer-related learning tasks and learning
outcome

(3-2-2) Subject preference in computer-related learning tasks, school learning with
the use of computers, gender difference in attitude towards learning tasks

with/without computers and learning outcome

(3-2-3) Grouping and gender difference in computer-related learning tasks, subject
preference in computer-related learning tasks and subject learning outcome
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(3-2-3-1) The best size of grouping and subject preference in computer-related
learning tasks

(3-2-3-2) Gender difference in uni/mixed-gender grouping preference and subject
preference in computer-related learning tasks

(3-2-3-3) Subject learning outcome, popularity as partners in computer-related
learning tasks and the associated characteristics

Summary of Chapter 3

- End of the list -
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(3-1) Learning from the perspective of human-computer interaction,

effectiveness and the implications for teaching
Introduction

Human-computer interaction (HCI) could be defined as the processes, dialogues, and
actions that a user employs to interact with a computer in a given environment (Preece
et. al., 1994). The concept has close alignment with, but is slightly different from the
focus of this study. This chapter deals with person-computer interaction (PCI). It
refers to aspects of personal characteristics that might affect the interaction between

the learner and the computer in a given learning environment.

The major purpose of this study is to investigate the effects of three aspects of
personal ‘characteristics that are widely thought to be factors affecting the use of
computers for learning purposes. The potential impact of some other learning-related
personal characteristics on the effectiveness of educational use of computers will be
considered. Interaction effects are examined by a series of analyses of variance.
Pedagogical implications concerning the use of computers will be included in the

discussions.
(3-1-1) A review of learning theories and their pedagogical implications
Before addressing the question about the role of ICT in learning, it is necessary to

clarify what learning means to us. To do this, a review of learning theories has been

carried out. Among the related literature, Bigge and Shermis (1992) and Hill (1997)
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were found to be particularly useful. The thesis is backed up by a paradigm of
learning theories in line with Bigge and Shermis’ work and with reference to other
theories in psychology, philosophy, neurology, sociology, cognitive science and in
human development. An outline of the major learning theories is presented in a

tabular format in Illustration I3-1A.
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There were similarities and differences between the ways different writers used to
classify learning theories. The book written by Hill (1997) summarised learning
theories in psychology as belonging to two major paradigms: the Connectionist
paradigm and the Cognitive paradigm. The former concerns the connections between
stimuli and responses and the resulting changes in experience, while the latter
concerns the perceptions, attitudes and beliefs that individuals have about their
environment. On the basis of the work by Bigge and Shermis and with reference to
the work of other theorists (e.g. Hill, 1997; Joyce, Calhoun and Hopkins, 1997;
Schon, 1991; Anderson, 1990; Gardner, 1983; Goleman, 1996; Vygotsky, 1978;
Jonassen, 1996; Gagne, 1985; Ausubel, 1968; Piaget, 1963; Sternberg, 1997 and
Smith, 1998), learning theories in this thesis can be summarised using three major
paradigms: the Mental discipline theories of mind-substance paradigm, the
behaviourist and neo-behaviorist paradigm, and the cognitive and social-interactionist

paradigm.

The first one regards the mind as a non-physical substance that needs to be
strengthened through exercise. Learning theories conforming to this paradigm are
concerned with the training or discipline of mind. Intelligent behaviour is the product
resulting from the combined work of various faculties of mind, such as perception,
memory and reasoning, ...etc. This paradigm includes faculty psychology, classical
humanism, self-actualisation theories and structuralism theories. The second one
regards learning as a change in observable behaviour. Learning theories conforming
with this paradigm are concerned with stimulus substitution and response
modification, which includes the formation and operation of stimulus-response bonds,

classical conditioning and instrumental conditioning. The third one regards learning as
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a process for learners to gain understandings of themselves and their environment.
During the process, learners act as intentional subjects, and involve themselves in an
on-going reciprocal interaction with the environment. The paradigm includes Gestalt
psychology, social cognitive theories and cognitive-field interaction theories. The
classification of the last two paradigms has integrated some recent learning theories
addressed by Hill (1997) into the classification proposed by Bigge and Shermis
(1992) e.g. Anderson’s information processing theory, Tolman’s work on purposive

behaviour and learning.

The behaviourist viewed learners as passive receivers of knowledge. Pedagogy driven
by this perspective of learning aimed at increasing the strength or the likelihood of
occurrence of the target behaviour. Instructional arrangements made use of
environmental agents that were known to be associated with the occurrence of the
target bel‘laviour. They would be used as stimuli to trigger or reinforce the probability

of the target response.

Later, behaviourist theories were integrated with knowledge gained from cognitive
psychology and information processing theory. The variations of behaviourist theories
gave birth to neo-behaviourism, which used human behaviour as the source of data,
but also allowed for the use of unobservable and covert processes as explanatory
devices. Traditional behaviourism assumes that a person’s psychological environment
and physical environment are identical. In contrast, cognitivist and social-
interactionist views a person’s environment as being psychological, while physical
environment is only a part of it. Besides physical attributes of the psychological

environment, cognitive paradigm theories are also concerned with other relevant non-
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physical attributes of the environment. For instance, memories and expectations are
attributes that operate at an imaginary state, but not at a physical state. Unlike
traditional behaviourists, neo-behaviourists accept the influence of other non-physical

attributes of the psychological environment on human behaviour.

Information processing theory was first formally proposed by Atkinson and Shiffrin
(1968) and was extended by Anderson (1990, 1993). The learning theory linked the
work of neutrons in human brain to the way computer chips work in processing
information. It was held that knowledge about things or events had many attributes.
For instance, the attributes of an apple may include its size, shape, colour, taste, value,
hardness, durability,...etc. These attributes can be regarded as features about the
apple, which make it a unique object to the person. The knowledge is stored in a
memory section inside the brain on a short-term basis. As the capacity of the short-
term memory is very limited, most of the information has to be transferred to the
long-term memory through a coding process. The knowledge database is formed by
lots of factual and procedural information stored in the long-term memory. When
knowledge about a certain thing or event is needed, relevant information about it will
be retrieved from the long-term memory to working memory through a decoding

process.

The effectiveness of retrieval is greatly affected by the way the old information within
the brain is classified and the way new information is stored. In Piaget’s terms (e.g.
1963), there are two common ways - assimilation and accommodation. The former
refers to the process of adding new information to existing categories of knowledge,

while the latter refers to the process of creating a new category or sub-category of
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knowledge so as to fit in the new information. With the assumption that the
knowledge database is hierarchical in structure, the knowledge of an educated or
experienced person is expected to be different from that of an uneducated or
inexperienced person in terms of the breadth and depth of the knowledge database. In
Biggs and Collis’ (1982) terms, their knowledge database differs in terms of the
complexity of the networks of links between learnt concepts, starting from the
simplest “unistructural” to “multistructural” to “relational” to the most complex
“extended abstract” structure. That means that, when being asked to recall what they
know about a certain thing, an educated or experienced person will be able to retrieve
more attributes of the thing or event than an uneducated or inexperienced person.
Attributes about apples are clear to an educated or experienced person (e.g.
experience about apples or in the fruit industry), hence, retrieval of the conceptions
about apples is more accurate or even faster. For example, the recall of an apple may
begin Wit‘h its name, and then its size, shape, colour,..., and so on. The process is
somewhat like the spread of a drop of ink on a piece of paper. As the processes
involve making information related to the concept active in short-term memory to be
used in the thinking processes, it is named “activation”. Informanon not being acuve
in short term memory will be lost gradually. This is known as the process of

“forgetting”.

Besides factual information, the knowledge database also contains procedural
information. However, the generalisations or understandings are explanatory in nature
because knowledge is viewed as absolute or as the universal truth. That means
learners know some principles by which the facts are inter-related. Two pedagogical

approaches are driven by the theory. These include:
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1. a hierarchical “bottom-up approach” which focuses on teaching the sequence of
skills starting from low-order skills to higher-order skills, as proposed by Gagne
(1985), and

2. an overview of the learning content arrangement or “advance organisers”, as

proposed by Ausubel (1968).

Traditional cognitive theories are also enriched by ideas of social-interaction theories.
Learners play an active role in solving real-life, practical problems. The learner’s
motivation, expectation and the capability to transfer learnt knowledge to new
situations affect the effectiveness of learning. A crucial determinant of the
effectiveness of learning is anchored on the basis of “authenticity” of the learning
activities. That means, the context of learning has to be relevant or meaningful to the
learner’s own experience. Learning becomes a process of integrating new experience
into the learner’s existing knowledge database. The knowledge content or structure is
subjected to on-going constructions and reconstructions through the processes of
gaining or changing insights, outlooks, expectations, or thought patterns. Bigge and
Shermis (1992, page 311) describes the major characteristic as “learning at reflective
level”, which involves “careful critical examination of an idea or supposed article of
knowledge in light of the empirical, testable evidence that supports it and the further
conclusions toward which it points”. As knowledge is viewed as dynamic rather than
absolute, generalisations or understandings are exploratory in nature. Pedagogy driven
by this perspective will consider