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The Abstract 

The Army train their personnel using a system called 'The Systems 

Approach to Training' (SAT). The system develops the results of a job 

analysis into course training objectives that are used to define Army training 

courses. The outcome expected from the Army training system is 

individuals who are competent to perform the job they are trained for. The 

focus of this study is the electrical and mechanical military engineers trained 

by the Army to carry out engineering tasks throughout the world. They are 

trained in accordance with SAT but at the end of the courses they are also 

awarded a BTEC HND. The outcome of the courses is therefore to produce 

an HND qualified, competent military engineer. This study is concerned 

with how the students on the courses are assessed as competent and in what 

way this assessment is valid. There are different forms the validity could 

take, e.g. content, construct, and criterion-related, however the theory has 

moved away from individual forms to a unitary concept, with construct 

validity as the integrating force that binds it together. This study sets out to 

evaluate the nature of the validity of the course assessments in terms of this 

unitary concept. An evaluation of the validity of assessment requires more 

than an exploration of conceptions of validity, assessment content and 

assessment methods. As the assessment is used to assess military 

engineering competence this study is concerned with issues of competence- 

based assessment. Defining engineering competence as the construct 

presents two problem areas that threaten the validity of the assessment, 

domain specification and the use of the assessors' judgement. Specific 

theoretical criteria against which to assess the validity of the assessment 

must be defined. The criteria will focus on how the construct is represented 

in the assessment and the claims made for the assessment in terms of 

predicting occupational performance. This study will be an exploration into 

the nature of the validity of the assessment of military engineering 

competence. The results of this study will support the view that the 

assessment of competence and the validity of that assessment are complex 

issues, and my study will make a contribution towards the understanding of 

these issues for those concerned with the theory and practice of education. 
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CHAPTER 1 

Introduction 

The Origin of the Study 

A major educational aim in the 1980’s was to make assessment an integral 

part of the teaching and learning process: assessment was seen to be a tool 

of the curriculum. Implicit in this notion of assessment being a tool of the 

cumculum is that the assessment would be expected to be valid. This 

educational aim has resulted in almost two decades of discussion, 

development and re-conceptualization of the issues involved in assessment 

and its validity. As we begin the new millennium, emphasis remains on the 

importance of assessment and the need for educational institutions to think 

strategically. Any change in assessment that results from a strategic review 

must, surely, have expected positive consequences in terms of the impact on 

the teaching and learning processes. A good assessment programme will 

give teaching staff valuable feedback on how their students are progressing. 

It will act as a motivating and productive influence on the students by giving 

them feedback on how they are performing and on what they need to do for 

future development. Assessment can be seen as being connected to the 

process of teaching and learning in that it defines their nature, and what the 

students become through what they know and what they can do. The 

development of vocational education has increased significantly the 

importance of the issue of knowing and doing and a result of this has been 

the development and use of competence-based assessment. 

During the 1980’s and early 1990’s, in parallel to the discussions on 

assessment, I was working as a chartered mechanical engineer. As a result 

of this I became aware of the need to develop the competence of graduate 

and apprentice engineers. This, coupled with the fact that I had qualified as 

a teacher in the late 1970’s, lead to a developing interest in the education 

and training of engineers. My engineering and educational background 

merged when I took up the post in 1995 as the Senior Lecturer in 

Mechanical Engineering at the Royal School of Military Engineering. My 



CHAPTER 1 

Introduction 

The Origin of the Study 

A major educational aim in the 1980’s was to make assessment an integral 

part of the teaching and learning process: assessment was seen to be a tool 

of the curriculum. Implicit in this notion of assessment being a tool of the 

curriculum is that the assessment would be expected to be valid. This 

educational aim has resulted in almost two decades of discussion, 

development and re-conceptualization of the issues involved in assessment 

and its validity. As we begin the new millennium, emphasis remains on the 

importance of assessment and the need for educational institutions to think 

strategically. Any change in assessment that results from a strategic review 

must, surely, have expected positive consequences in terms of the impact on 

the teaching and learning processes. A good assessment programme will 

give teaching staff valuable feedback on how their students are progressing. 

It will act as a motivating and productive influence on the students by giving 

them feedback on how they are performing and on what they need to do for 

future development. Assessment can be seen as being connected to the 

process of teaching and learning in that it defines their nature, and what the 

students become through what they know and what they can do. The 

development of vocational education has increased significantly the 

importance of the issue of knowing and doing and a result of this has been 

the development and use of competence-based assessment. 

During the 1980’s and early 1990’s, in parallel to the discussions on 

assessment, I was working as a chartered mechanical engineer. As a result 

of this I became aware of the need to develop the competence of graduate 

and apprentice engineers. This, coupled with the fact that I had qualified as 

a teacher in the late 1970’s, lead to a developing interest in the education 

and training of engineers. My engineering and educational background 

merged when I took up the post in 1995 as the Senior Lecturer in 

Mechanical Engineering at the Royal School of Military Engineering. My 

1 



CHAPTER 1 

Introduction 

The Origin of the Study 

A major educational aim in the 1980’s was to make assessment an integral 

part of the teaching and learning process: assessment was seen to be a tool 

of the curriculum. Implicit in this notion of assessment being a tool of the 

curriculum is that the assessment would be expected to be valid. This 

educational aim has resulted in almost two decades of discussion, 

development and re-conceptualization of the issues involved in assessment 

and its validity. As we begin the new millennium, emphasis remains on the 

importance of assessment and the need for educational institutions to think 

strategically. Any change in assessment that results fiom a strategic review 

must, surely, have expected positive consequences in terms of the impact on 

the teaching and learning processes. A good assessment programme will 

give teaching staff valuable feedback on how their students are progressing. 

It will act as a motivating and productive influence on the students by giving 

them feedback on how they are performing and on what they need to do for 

future development. Assessment can be seen as being connected to the 

process of teaching and learning in that it defines their nature, and what the 

students become through what they know and what they can do. The 

development of vocational education has increased significantly the 

importance of the issue of knowing and doing and a result of this has been 

the development and use of competence-based assessment. 

During the 1980’s and early 1990’s, in parallel to the discussions on 

assessment, I was working as a chartered mechanical engineer. As a result 

of this I became aware of the need to develop the competence of graduate 

and apprentice engineers. This, coupled with the fact that I had qualified as 

a teacher in the late 1970’s, lead to a developing interest in the education 

and training of engineers. My engineering and educational background 

merged when I took up the post in 1995 as the Senior Lecturer in 

Mechanical Engineering at the Royal School of Military Engineering. My 

1 



interest in vocational education thus developed from my work, and through 

studying with the Open University for an MA, into a growing realization of 

the need to investigate the issues surrounding the links between the 

curriculum, assessment, and the teaching and learning process. Much of the 

discussion about assessment has focused on its impact on the teaching and 

learning process and I felt that one area I wanted to investigate was that of 

the validity of assessment. Although I perceived the validity of assessment 

to be an extremely complex issue, this became the focus for my study. In 

carrying out my study I have tried to show how validity can be better 

understood as a concept and that it is a critical requirement of the 

assessment. My study became an inquiry into the validity of the assessment 

of engneering competence, an exploration of conceptions of validity, the 

definition of engineering competence, and how engineering competence is 

assessed. 

The Context of the Study 

The research was carried out at a military engineering training 

establishment, the Royal School of Military Engineering (RSME), and it 

focused on the Clerks of Works courses in electrical and mechanical 

engineering. These courses are accredited by BTEC and graduates are 

awarded an HND in Building Services Engineering. Hence, the Army and 

BTEC both input to the content of the courses. The electrical and the 

mechanical courses are each managed by a Senior Military Lecturer, a 

Warrant Officer who has served as a Clerk of Works engineer in the 

relevant discipline. The courses consist of three phases: a foundation phase, 

an engineering phase, and a civilian industrial attachment. Mathematics, 

science and computing are taught as the foundation phase modules and are 

followed by the subject-specific engineering modules, which are taught in 

the main engineering phase. The final phase is a six-week industrial work 

placement. 

The foundation phase is taught and assessed by the Science & Computer 

Department. There are twelve lecturers within this department, ten civilians, 

two with a military background, and two military personnel. The 
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engineering phase is taught by the electrical and mechanical lecturers, with 

an equal mix of two civilian and two military lecturers for each discipline. 

The lecturers are either military personnel with practical engineering 

knowledge and experience, or civilian personnel who are qualified and 

experienced educators, some of whom also have practical engineering 

experience gained either from military service or industry. The military 

lecturers are posted on average every two years, whilst the civilians tend to 

supply the long-term continuity. The military lecturers supervise the 

industrial attachment phase, as directed by the Senior Military Lecturers. 

There are other engineering elements that require specialist lecturers and 

these are supplied from other departments, but controlled, requested and 

monitored by the two Senior Military Lecturers. 

The students start the courses as Corporals and leave as Staff Sergeants, 

with an average starting age of twenty-six. Each course caters for a 

maximum of fifteen students, the actual number depending on the current 

military requirement and student availability. On passing the course they 

take up posts as military engineers, in roles primarily concerned with the 

technical design and installation of building services for the British Army. 

The course curriculum is designed around a job analysis carried out by the 

military Training Design Team (TDT). The job analysis process produces 

training objectives that are then combined with the BTEC HND unit 

specifications. The aim of the process is to ensure that the Army is supplied 

with competent engineers by identifying the specific training requirements 

related to the job of a Clerk of Works military engineer. Thus the courses 

are vocational in that they prepare a specific student group for a specific 

occupation. Students who pass the course assessment are thus deemed to be 

competent to fulfil this role. 

Both the Army and BTEC recognize and discuss the need for some form of 

validity to be present in the assessment of the students' competence. 

However, the level of detail and their explanations of the concept of validity 

are very limited and there is a lack of clarity from both the Army and BTEC. 

The assessment of the students is designed and administered by the RSME 
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lecturers during the different phases of the courses thus the responsibility for 

ensuring the validity of the assessment rests with them. 

The Aim of the Study 

My study is concerned with exploring the issues involved in assessing 

military engineering students and, in particular, the nature of the validity of 

this assessment. The aim of my study is to test my hypothesis that the 

assessment of the students on the courses is valid and to establish the nature 

of its validity. The assessment could be valid because validity, in some 

form, is explicitly designed into the assessment, implicit in the assessment 

due to the nature of the assessment process, or both. This gives rise to the 

two sources of validity explored in my study, the explicit intention of those 

who design and administer the course assessment and the nature of the 

assessment process inherent in the culture of the organisation. 

I do not believe anyone concerned with the course assessment process 

would argue that the assessment was invalid. Even if the assessment is seen 

to be valid simply because it measures what it is supposed to measure and 

this is stated as the requirement for validity, this simplistic view of validity 

still requires complex issues to be addressed. The assessment will only be 

valid if this requirement is met. To confirm that the assessment is indeed 

valid there are two questions that must be answered, what does the 

assessment actually measure and does it measure it in such a way that any 

claims made for  the results of the assessment can be justified. So although I 

will identify the source of the validity of the assessment, these questions can 

only be answered from a study of the assessment process. 

In my study, BTEC, the Army Training Organisation, and the lecturers all 

exert some influence on the validity of the assessment. To explore the way 

they influenced the validity there was a need to identify their understanding 

of the concepts of validity and which were applied when designing the 

course assessment. Whatever the concept of validity that was applied in 

practice, which I will show was the simplistic concept stated above, I 

wanted to establish a theoretical view of validity I would adopt for my 
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study. This is why I began my literature review with a discussion of the 

theoretical conception of validity and in so doing addressed the complex 

nature of validity as a concept. I will establish that the theoretical concept of 

validity, accepted by the leading theorists as being the most robust in terms 

of assessment, is centred on a unitary concept with a theoretical view of the 

construct at its heart. I will have established two concepts of validity, the 

concept adopted by the assessment designers and the unitary concept I 

adopted. I will show that the evaluation of the validity of the assessment in 

terms of the unitary concept encompasses all the issues in terms of the 

assessment being valid because it measures what is supposed to measure. 

An essential part of the evaluation will be to establish a set of theoretical 

criteria against which the validity of the course assessment can be measured. 

The criteria I will use will be based around two areas, how the construct is 

represented in the assessment and what claims are made for the assessment. 

By discussing the unitary concept of validity, identifying the criteria and 

then evaluating the assessment against them I will draw conclusions about 

the nature of the validity of the assessment. 

Since the construct is the unifying force of the unitary concept, the 

evaluation of the assessment should begin by exploring what should be and 

what is actually being assessed. There are two elements to this part of my 

study, I will explore the process of defining the construct, how BTEC, the 

Army Training Organisation and the lecturers arrive at a definition, and 

what is defined as the construct being assessed. My study is concerned with 

the assessment of engineering students and hence a theoretical construct 

based on notions of engineering competence. I will show that defining 

competence is a complex issue and in terms of engineering competence, 

how it is defined determines what the engineer is trying to achieve and 

hence the knowledge, skills, attitudes and abilities the engineer must 

possess. My study will discuss how the theoretical construct is defined, 

using the theory from the available literature and in practice by those 

involved directly in engineering education at the RSME. I will explore the 

views of the Army, BTEC and the lecturers on how the construct 

engineering competence is defined, what judgements are being made, and 

by whom, on what the competent engineer must know and be able to do. In 
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this way I will show that how the theoretical construct is defined at a 

military establishment, where the engineers are being prepared specifically 

for jobs in the Field Army, does reflect the key elements and the 

problematic areas highlighted in the literature. However, establishing a 

theoretical model of the construct engineering competence does not mean 

that its assessment is necessarily valid. It is not how engineering 

competence is defined by the curriculum but how it is assessed that 

indicates the degree of fit with the theoretical construct and hence the 

construct validity of the assessment. I will not be concerned with what is 

taught in class but with what is measured in the assessment. An evaluation 

of what is being assessed and the methods used will show what is being 

defined and represented as the construct in the assessment, how the students 

are being assessed, and what judgements are being made about how 

engineering competence is inferred. 

For those that employ the graduates, the result of the assessment infers that 

those that pass will be competent military engineers and my study is 

therefore concerned with issues of competence-based assessment. 

Competence cannot be measured directly but is inferred from performance 

assessed against a defined standard. Domain specification is an important 

feature of competence-based assessment that links with the discussion on 

the process of defining engineering competence as a construct and how it is 

represented in the assessment. Assessing student performance against a 

defined standard must involve the judgement of assessors. I will show that it 

is the lecturers, and in particular the military lecturers, that make 

judgements both about student performance and the standard it is judged 

against. In my study I want to look at how the lecturers make these 

judgements. I want to find out if they make their judgements based on 

defined assessment criteria or on their own model of what constitutes a 

competent military engineer. As a result of the judgements being made 

about student performance claims will be made about the assessment. The 

graduates will be considered competent to do the job of a military engineer 

and the assessment results interpreted as predicting current and future 

occupational performance. I will evaluate the claims made for the 
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assessment in predicting occupational performance and this will form an 

important element of my study. 

The lecturers’ evidence alone will not supply sufficient evidence to confirm 

validity in terms of the unitary concept, what is also required is an 

evaluation in terms of other evidence. The students are both participants and 

stakeholders in the assessment process and therefore their views, their 

perceptions, are also important. The students’ views are important in 

supporting, or otherwise, any claims made by the lecturers in terms of the 

representation of the construct in the assessment and predicting occupational 

performance. Other views from serving Clerk of Works engineers and their 

employing officers about the course assessment, the competence of the 

students and the value of the input from the military lecturers will be 

presented. This will supply evidence for and against the claims made by the 

lecturers for the assessment. This data will come from research conducted 

by the RSME Training Design Team who surveyed the views of serving 

Clerk of Works engineers and their employing officers. 

As a result of carrying out this process of validity inquiry I will be able draw 

conclusions about whether the assessment is indeed valid and if so, the 

source and the nature of its validity. This will satisfy the aim of my study in 

terms of the inquiry into the validity of the course assessment. However 

there is another important element of my study. I will also show the 

significance and the implications of my findings to those directly involved 

with the courses at the RSME and to those involved in the field of 

educational theory and practice. I will also draw conclusions about the 

process of conducting studies into assessment and its validity, highlighting 

the number and the complexity of the issues involved in that process. 

7 



CHAPTER 2 

The Research Questions 

In this chapter I will show how my research questions were developed and 

how they shaped the study. They supplied a route map showing my thought 

process and the way the research developed into this dissertation. I began 

with the hypothesis that the assessment of the students on the courses was, 

in some form, valid. This lead me to the decision during the early stages of 

my research to look initially at how the validity of assessment was 

conceptualized by the various stakeholders and participants in my study. I 

wanted to find out what concept of validity the lecturers used and what 

concept the Army and BTEC adhered to. In asking the first set of questions I 

wanted to establish two things, the source of the validity of the assessment 

and the importance given to the need to state explicitly the form of the 

required validity. 

In assessing the engineering students, how do BTEC and the Army 

interpret the meaning of validity? 

What types of validity do they expect to see as being present in the 

assessment? 

What guidance do they give to the lecturers assessing the courses on 

how they are to ensure the assessment is valid? 

How do the lecturers interpret the meaning of validity? 

What form of validity do the lecturers expect to be present in the 

assessment? 

I set out to explore what judgements the lecturers made in deciding what 

form of validity should be present in the assessment, whether they followed 

the Army, BTEC or some other guidance. However this raised the question 

that if the data indicated that they did not follow any specific guidance or 

adhere to a particular concept, and validity in some form was not explicit in 

the assessment, what would this mean to my study? I considered the 

implication to be that it would render the guidance from both the Army and 
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BTEC irrelevant to the design and practice of the assessment of the courses, 

and I would be looking to identify what form of validity was implicit in the 

assessment. If, as I will show, the Army and BTEC literature was not 

referred to by the lecturers then my study needed to explore the implications 

of the lecturers lack of understanding or lack of recognition of the need to 

seek validity explicitly in the assessment. In other words, at this stage I 

would only be able to establish the source of the validity of the assessment 

and not the form of the validity present in the assessment. 

In terms of the literature review these questions resulted in the need to look 

at the theoretical concepts of validity contained in the assessment literature. 

First of all I wanted to know how the stakeholders’ conceptualization of 

validity related to the theoretical concepts. I also needed to establish my 

own theoretical perspective on the validity of assessment. I had to ensure 

that my study was conducted from a perspective that reflected current 

educational theory and would therefore result in a research programme of 

some value to those at the RSME and to those working in the wider 

educational context. From my exploration of the literature it emerged that 

the notion of the unitary concept, as developed by Samuel Messick (1989), 

with construct as the integrating force would be central to the perspective I 

adopted. So if validity of the course assessment was evaluated against the 

unitary concept then what would be the process my study should follow? 

Initially this perspective made me return to my first set of questions. If the 

stakeholders did not seek to ensure the assessment was valid in terms of the 

unitary concept how should I proceed? Should I evaluate the assessment in 

terms of the theoretical validity criteria related to the unitary concept or 

should I look to substantiate the lecturers’ claims for validity by looking for 

evidence that related specifically to their conceptual viewpoint. I wanted to 

go beyond an investigation based on the simplistic view of a valid 

assessment being one that measures what it is supposed to be measuring. I 

wanted to explore the implicit nature of the validity of the assessment and so 

I decided that my study must be an evaluation based on the unitary concept. 

I decided this evaluation process would in fact substantiate, or otherwise, 

any claims for validity made by the possible sources of validity by 
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identifying any form of validity implicit in the assessment. So to carry out 

the evaluation I needed to define the theoretical validity criteria against 

which to measure the validity of the assessment in terms of the unitary 

concept. This resulted in a need to answer the following questions. 

How would I define the theoretical criteria against which I would assess 

the validity of the course assessment? 

What would be the theoretical criteria I would use? 

What would be the impact of using these criteria on my research 

questions? 

From the assessment literature I was able to identify and discuss Messick’s 

(1989) unitary concept and use this concept as the main framework on 

which to base the theoretical validity criteria. It became clear that I would 

need to focus on issues concerned with the construct engineering 

competence and the claims made for the assessment in terms of how the 

results of the assessment were being interpreted and used. As my study was 

concerned with assessing engineering competence, I was exploring the 

validity of competence-based assessment and so issues of domain 

specification, assessors’ judgement, and predicting occupational 

performance became important. 

The need to establish that the assessment had construct validity was evident 

from the assessment literature. I needed therefore to explore how the 

construct engineering competence was defined from the literature and in 

practice at the RSME. Since the courses had an Army and a BTEC 

requirement, the process of defining the construct was important. I needed 

to explore the degree of similarity between the theory and the practice. So in 

terms of generating data, these issues resulted in a further set of research 

questions. 

How do BTEC and the Army define the construct that is to be assessed? 

Does a conflict exist between the BTEC and the Army view of the 

construct that is to be assessed? 
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Do the lecturers have a clear definition of the construct they are to 

assess? 

Do the lecturers use their own judgement in deciding on the definition of 

the construct they assess? 

If there was a conflict between the Army and BTEC systems, it was the 

nature of the conflict and how it was resolved that was important. How it 

was resolved would show what judgements were being made, and by whom, 

about what constituted the construct engineering competence. However, all 

this would reveal was that a model of the construct existed and the process 

that defined it. I considered there were two ways of establishing the 

definition of military engineering competence, from what was taught or 

from what was assessed. I decided that there were two reasons why I would 

not study what was taught, the first was a logistics problem in that I felt this 

was a study in itself. The second reason was that I would still have to look at 

what was assessed and would even then only be able to discuss the 

assessment in terms of content validity. It was evident to me that my next 

step would have to be to establish how the construct was represented in the 

assessment and to address the following questions. 

Who designs and administers the assessment? 

What methods of assessment are used? 

Are there any laid down requirements in terms of the number and type 

of assessment methods to be used on the courses? 

Is the construct adequately represented in the assessment? 

Are the students’ responses likely to be different for some reason that is 

irrelevant to the construct being measured? 

What claims are made for the assessment? 

The answers to these questions will build a picture of what is being assessed 

and supply data that will be analysed in terms of construct validity. All the 

questions so far have dealt predominantly with issues concerning the 

process by which engineering competence was being defined, how it was 

represented in the assessment and the use of the lecturers’ judgement 

throughout the assessment process. There was a need to explore evidence 
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from other sources in order to establish triangulation. What was required 

was triangulation of the evidence in terms of the use of the lecturers’ 

judgement in defining the construct, representing it in the assessment, and 

for the claims being made with regard to the interpretation and use of the 

results of the assessment. 

How and what do the students believe is being assessed? 

Do the students’ respond differently when assessed for any reason that is 

irrelevant to the construct being measured? 

How do experienced Clerk of Works engineers and their employing 

officers view the training and the students who pass the assessment? 

The answers to these questions will supply other evidence about the validity 

of the assessment. The evidence will not just be about the assessment of the 

construct but also about whether the assessment does what it claims to do. 

The answers to all these research questions will supply data that addresses 

the issues raised in my study of assessment and its validity. The way my 

study is carried out depends on the answers to three questions. 

What sort of study will I conduct? 

How will I collect the data? 

How will I analyse it? 

I decided that I was going to carry out a qualitative case study. My aim was 

that the data I would be collecting from interviews, questionnaires and 

documentation would be analysed using qualitative methods. I wanted to 

conduct a study that explored and identified issues and problems concerned 

with validity of the assessment of engineering competence. From my 

knowledge of the courses and the student population I concluded that 

detailed statistical analysis of the data would not be appropriate, however 

some of the data generated was quantitative and resulted in the use of simple 

percentages and numerical tables being used as part of the data analysis. 

The study will conclude with answers to two final questions, 
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In what way is the assessment of engineering competence at the RSME 

valid? 

What are the implications of my study to educational theory and 

practice? 

Only when I have addressed all the previous questions will I be able to 

support, or challenge my hypothesis that the assessment is indeed valid and 

state the nature of its validity. My study will provide an insight into the 

educational practice at the RSME and in answer to the final question, I will 

discuss the significance of my study to people concerned with the theory 

and practice of education, particularly in relation to the field of occupational 

education. 

13 
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CHAPTER 3 

The Literature Review 
Introduction 

In order to establish the validity of assessment I must have a clear 

understanding of the concepts of validity developed from the assessment 

literature. Validity, at its simplest, is seen as being the extent to which an 

assessment actually measures what it is intended to measure (Ashcroft & 

Palacio, 1996; Cotton, 1995; Futcher, 1989). However, it is accepted that 

any attempt to develop a deeper explanation of the meaning of the term 

validity is problematic (Ashcroft & Palacio, 1996; Cotton, 1995) and it is 

widely acknowledged that it is a very complex concept (Dary-Erwin, 1995; 

Gipps, 1995; Linn & Baker, 1996; Wood, 1991). It is stated generally that 

assessment should be both reliable and valid (Tolley, 1989; Futcher, 1989; 

Nuttall, 1989; Gipps, 1995; Cotton, 1995; Linn & Baker, 1996). There is 

evidence to suggest that reliability has been emphasized at the expense of 

validity (Ashcroft & Palacio, 1996; Brown & Knight, 1994; Gipps, 1995; 

Wood, 1991) and my study forms part of the movement to attempt to 

redress the balance. It is my intention to explore the complexity of the issues 

surrounding validity of assessment and to establish a framework upon which 

to develop my study. Central to this framework is the notion that validity 

should be viewed as a unitary concept with construct as the integrating 

force. Within this framework I must discuss what makes an assessment valid 

and establish the theoretical criteria against which I will evaluate the 

validity of the assessment of the courses in my study. 

In the institution that is the focus of my study the outcome of the assessment 

process is the production of a competent military engineer. This is an 

individual who within days of completing the course could be sent 

anywhere in the world and be expected to deal with complex military 

engineering problems. Engineering competence must therefore be the 

theoretical construct that is assessed in an appropriate manner such that 

those individuals who pass the assessment can be considered competent. 

Hence the second part of this chapter is concerned with competence-based 
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assessment, the notion of competence and the definition of engineering 

competence as a theoretical construct. The chapter will be completed by a 

discussion on the use of assessors’ judgement and the process of 

aggregation. If the results of the assessment are used to employ individuals 

in jobs as competent military engineers then all the above issues need to be 

addressed in order to make any claims about the validity of the course 

assessment. 

Conceptions of Validity 

Discussing Concepts of Validity 

My study is focused on the issue of validity of assessment and my first 

objective must be to establish what is understood by the term validity and to 

identify the perspective I will take throughout the study. Four main 

categories of validity first surfaced from a paper by Cronbach and Meehl 

(1955): content, construct, concurrent andpredictive validity. In some texts 

concurrent and predictive validity have been combined to form criterion- 

related validity and it is suggested that this is so because they both relate to 

predicting performance on some criterion, either at the same time, or at 

some time in the future (Gipps, 1995; Messick, 1989). Combining these 

two, Wood (1991) concludes, gives rise to the three types of validity, 

content, construct and criterion-related, referred to by Guion (1980) as the 

trinitarian view. However, on exploring texts written on the theory and 

practice of assessment other types of validity appear, face and consequential 

are two such examples (Ashcroft & Palacio, 1996; Benett, 1993; Brown et 

al, 1997; Cotton, 1995; Sambell et al, 1997). Face validity is referred to in 

relation to work-based assessment and is therefore worth discussion, 

although it falls outside the more traditionalist views discussed above it is 

referred to in relation to the validity of vocational assessment. 

Consequential validity will be dealt with later in the discussion of the 

unitary concept of validity. 

What follows are the general definitions of four of the specific types of 

validity mentioned above: content, construct, criterion-related, and face. The 
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first three will be shown later as being subsumed by Messick’s unitary 

concept of validity. The discussion on conceptions of validity is centred on 

the assessment of educational constructs that are essentially curriculum- 

based however it is recognized that conceptions of validity do also apply to 

the assessment of other constructs, e.g. psychological and behavioural. 

Content Validity. Content validity is concerned with the coverage of 

appropriate and necessary content. It is based on expert or professional 

judgements about the relevance of the content to that of a particular 

behavioural domain of interest and about the way the item or task content is 

represented in covering that domain (Gipps, 1995; Messick, 1989). The 

sample of tasks must be a sufficient representation of the domain that is, 

itself, clearly delineated. However the size and complexity of the domain 

may be such that delineation becomes problematic (Benett, 1993). 

Construct Validity. Construct validity relates to whether the test is an 

adequate measure of the construct. A clear and concise definition of the 

construct is of paramount importance and to highlight this reading has been 

used as an example of a construct: 

. . .a full definition of reading as a construct would include 

not only reading aloud, but also reading comprehension, 

accuracy, and enjoyment of reading. (Gipps, 1995, p. 58) 

This definition reflects the combination of curriculum content, cognitive 

processes and behavioural outcomes that Haertel(l985) used to describe the 

construct. It is defining the construct that make studies of construct validity 

the most difficult to conduct, a view supported by Wood (1991). In my 

study the construct is military engineering competence and this means that a 

full definition of this construct would include all the elements, or 

competencies, that go to make up engineering competence. In other words, 

the definition must include the underpinning knowledge, the skills, the 

attitudes and the abilities that I will discuss later in this chapter. 
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Criterion-Related Validity. Criterion-related validity refers to the extent to 

which an individual’s performance on a criterion measure can be estimated 

from the individual’s performance on the assessment procedure being 

validated (Salvia & Ysseldyke, 1998). It relates to the combination of 

concurrent and predictive validity. Concurrent validity is concerned with 

how accurately an individual’s current performance estimates performance 

on the criterion measure at the same time. In concurrent validity the assessor 

has to identify the trait which needs to be assessed so that the correct 

assessment method can be chosen that should give the same results 

substantially as another assessment of the same trait (Cotton, 1995; Gipps, 

1995). Predictive validity relates to whether the test predicts accurately 

future rather than current performance and is useful for specific purposes 

such as assessing a set of well-defined skills which are used in a profession 

(Brown et al, 1997). Although paper and pencil tests may provide good 

predictions of ability the available evidence suggests that the predictive 

validity of simulated job-specific tasks tends to be higher when compared 

against criteria of future occupational performance (Brown et al, 1997; 

Nuttall, 1989; Wolf, 1995; Wood, 1991). This does not mean that there is 

not a place for pen and paper tests in the assessment of occupational 

performance and that such tests would not have predictive validity. For 

example in the medical profession pen and paper tests are used to predict an 

individual’s ability to choose a suitable method of patient care whereas 

simulated work-based tasks are used to predict an individual’s ability to use 

patient consultation skills (Brown et al, 1997). The difficulty with 

predicting future performance is that there is no evidence to say how well 

those that fail would have performed subsequently in the workplace (Gipps, 

1995; Wood, 1991). I will return to the issues of criterion-related validity in 

the next section on the unitary concept of validity and when I discuss 

assessing competence later in the chapter. 

Face Validity. This is concerned with the look of the assessment. Does it 

appear to be assessing what it is supposed to be assessing? A common 

feature of vocational assessment is a reliance on face validity, whether 

something looks right to experts in the field, i.e. that the assessment appears 

to measure what it is supposed to measure (Gipps, 1995; Wolf, 1996). The 
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problem here is that the assessment may look right but is likely to be biased, 

unreliable, partial in coverage, or weighted in ways which do not 

correspond to the demands of the occupation (Wolf, 1996, p. 212). However 

the importance of face validity is in the credibility it gives to the assessment 

in the eyes of the students. 

In texts on assessment practice in education, e.g. Brown et a1 (1997); Cotton 

(1995); Cox & Harper (2000), validity is generally covered in a few pages 

of text containing very basic definitions of the types discussed above. 

Definitions are given which vary surprisingly between texts and there is a 

lack of explanation on how to ensure that any one of the types of validity 

would be present in the devised assessment. As published texts concerned 

with assessing student learning dedicate less than 1% of their content to the 

issue of validity of assessment and do not discuss how to design in validity, 

what can reasonably be expected of assessment designers in practice such as 

the lecturers in my study? What will be their depth of understanding of the 

concepts and how much emphasis do they put on the need to ensure the 

validity of their assessment? I will show that in my study the assessors are 

not familiar with the concepts discussed above and they simply perceive that 

the course assessment is valid because it measures what it is supposed to 

measure. This means that in order to explore the nature of the validity of the 

assessment I must adopt a theoretical concept of validity and describe how 

to evaluate the validity of the course assessment in terms of this concept. 

The next section deals with these issues and will show why I have adopted 

the unitary concept of validity and the theoretical criteria against which the 

validity of the assessment will be evaluated. 

The Unitary Concept of Validity 

The leading theorists, Linn, Guion, Landy, Anastasi, Cronbach and Messick, 

have all shifted away from the idea of separate types of validity towards the 

view of a unitary concept and they wam that excessive devotion to one 

distinct form, content, construct or criterion, is mistaken (Wood, 1991). It is 

argued that Cronbach has to be listened to as he is indeed challenging his 

own earlier ideas and that this, therefore, is the way forward for validity 
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enquiry (Gipps, 1995; Wood, 1991). Further it is argued that drawing 

distinctions between content, construct and criterion-related validity has 

proved to be especially insidious because it implied that there were testing 

purposes for which one or another type ofvalidity was sufficient (Messick, 

1989, p. 6). The theoretical discussion of validity centres on two main 

protagonists, Cronbach and Messick, although Messick is thought to be the 

main authority (Dary-Erwin, 1995; Gipps, 1995; Linn & Baker, 1996; Moss, 

1992; Nuttall, 1989; Wood, 1991). Gipps (1995) concludes that Messick is 

the key writer and that his development of the unitary concept of validity 

takes the theory into a realm where both educational and social implications 

of assessment are addressed. It is the nature of this unitary concept that I 

will now discuss in more detail. 

Messick (1989) argues that although considerations of content relevance and 

representativeness should and do influence the nature of score inferences 

when supported by other evidence, content validity does not qualify as 

validity at all. Content validity provides judgemental evidence on what is 

represented in the assessment and is thus making a statement about the 

assessment itself and not what can be inferred from it. The problem of 

irrelevant test variance contributes to the ultimate frailty of classical content 

validation since expert judgements which are made about the relevance of 

test content to the domain are indeed fallible and may imperfectly apprehend 

domain structure or inadequately represent test structure, or both (ibid, p. 

7 ) .  Messick (1989) states that the way around this problem is to evaluate 

expert judgement on the basis of other evidence about the behavioural 

domain and the structure of assessment results i.e. construct-related 

evidence. The implication of this for my study is that although I will be 

exploring the judgements made by the lecturers I must also seek out other 

evidence that substantiates or refutes the claims being made by the experts, 

the lecturers. 

Criterion-related validity was shown earlier to be concerned with the 

measurement of criteria in order to make predictive evaluations about 

individual performance and there must be as many criterion-related 

validities as there are criterion measures and settings within which they 
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apply. This introduces the first problem, generalization of the criterion 

correlation and the second problem is that of irrelevant variance. Thus 

criterion validity is examined in a similar manner to content validity and 

Messick argues that 

potentially deficient and contaminated criterion measures 

cannot serve as the unequivocal standards for validating 

tests, as is intrinsic in the criterion-oriented approach to 

validation. (Messick, 1989, p. 7) 

The way around this, Messick argues, is to evaluate the criterion measures 

and the assessment in relation to construct theories of the criterion domain. 

Construct validity is based on an integration of any evidence that bears on 

the interpretation or meaning of the test scores (Messick, 1989, p. 7). The 

convergent and discriminate nature of construct-related evidence is seen as 

critical in the delineation of content domains and in the conceptualization 

and measurement of applied criteria providing a rational basis for evaluating 

both content and criterion-related validity. If all validity evidence 

contributes to the empirical grounding or trustworthiness of the 

interpretation of results, and the validity of this interpretation provides the 

main rationale upon which inferences and actions are drawn from 

assessment results, then Messick (1989) argues all validation is construct 

validation. 

The argument presented gives rise to two major threats to validity (Gipps, 

1995; Messick, 1989). The first, construct under-representation, is defined 

as being when the assessment is too narrow and has failed to include 

important dimensions of the construct. The second, construct-irrelevant 

variance occurs when the assessment contains excess reliable variance, 

meaning that some respondents will find the assessment items easier or 

more difficult in a way that is irrelevant to the interpreted construct. 

Although almost any form of information about an assessment contributes 

to an understanding of its construct validity, this contribution is extremely 
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enhanced if the degree offit of the information with the theoretical rationale 

underlying score interpretation is explicitly evaluated (Messick, 1989, p. 7). 

The unitary concept of validity integrates considerations of content and 

criterion-related validity into a construct framework however there is a third 

consideration that also needs to be incorporated in the concept of validity, 

social consequences. Messick (1975) was the first theorist to suggest that 

there were two questions that need to be asked whenever a decision about 

test use is made. 

First, is the test any good as a measure of the characteristic 

it is interpreted to measure? Second, should the test be 

used for this purpose? The first question is a technical and 

scientific one and may be answered by appraising 

evidence bearing on the test’s psychometric properties, 

especially construct validity. The second question is an 

ethical one, and its answer requires an evaluation of the 

potential consequences of the testing in terms of social 

values. (Messick, 1975, p. 962) 

This statement already contained the elements that were later developed into 

the progressive matrix that defined Messick’s facets of validity and most 

importantly drew attention to the incorporation of social consequences. 

Messick (1989) defined two interconnected facets of the unitary concept of 

validity, each of which had two parts. The first was the source of 

justification of the testing divided into an appraisal of either evidence 

supportive of score meaning or of consequences contributing to score 

valuation. The second facet was the function or outcome of the testing 

divided into either interpretation or use. From these facets he constructed a 

fourfold classification matrix (Messick, 1989, p. 10, copyrighted to the 

American Educational Research Association). The matrix has construct 

validity appearing in every cell and this is fitting because construct validity 

is the integrating force that unifies validity issues into a unitary concept 

(Messick, 1989, p. 10). The matrix is seen as progressive because it moves 

from appraisal of evidence for the construct interpretation, evidence 
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supportive of test use, the value consequences of score interpretation and, 

finally, the social consequences of test use (ibid). In terms of social 

consequence Messick argues that 

In general, the best protection against adverse social 

consequences as threats to valid score interpretation and 

use is to minimize in the measurement process any 

potential sources of test invalidity, especially construct 

under representation and construct-irrelevant variance in 

the test. Thus, the watchword for educational and 

psychological measurement is to maximize empirically 

grounded interpretability and minimize construct 

irrelevancy in the test scores. (Messick, 1989, p. 11) 

Haertel (1991) adopts a similar perspective to that of Messick (1989) as to 

the relative importance of social consequences, that adverse impact is not 

sufficient to undermine validity. Messick (1989, p. 6 )  discussed six hasic 

sources of validity evidence under the heading Ways of Configuring Validity 

Evidence. In order to collect evidence and arguments to discount the two 

major threats identified above these headings were further developed into a 

set of questions that he considered must be addressed in the design and 

development of any assessment. The questions listed are as follows: 

Are we looking at the right things in the right balance? 

Has anything important been left out? 

Does our way of looking introduce sources of invalidity or irrelevant 

variance that bias the scores or judgements? 

Does our way of scoring reflect the manner in which domain processes 

combine to produce effects and is our score structure consistent with the 

structure of the domain about which inferences are to be drawn or 

predictions made? 

What evidence is there that our scores mean what we interpret them to 

mean, in particular, as reflections of knowledge and skill having 

plausible implications for educational action relative to personal or 

group standards? 
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Are there plausible rival interpretations of score meaning or alternative 

implications for action, and, if so, by what evidence and arguments are 

they discounted? 

Are the judgements or scores reliable and are their properties and 

relationships generalizable across the contents and contexts of use as 

well as across pertinent population groups? 

Do the scores have utility for the proposed purposes in the applied 

settings? 

Are the scores applied fairly for these purposes? 

Are the short- and long-term consequences of score interpretation and 

use supportive of the general testing aims and are there any adverse side 

effects? 

(Messick, 1992, p. 3) 

Messick’s argument and questions are not seen as being the perfect solution 

to ensuring the validity of assessment (Gipps, 1995; Moss, 1992; Shepard, 

1993; Tittle, 1989). Moss (1992) presented a critique of the works of a 

number of authors, including Messick, that provided a 

description and synthesis of various sets of categories that 

have been used by Messick (1980, 1989) and Cronbach 

(1988, 1989) writing in the context of assessment in 

general, and by Frederiksen and Collins (1989), Haertel 

(1990, 1991), and Linn, Baker and Dunbar (1991) writing 

in the context of performance assessment in particular. 

(Moss, 1992, p.231) 

That Messick considered his set of questions should be applied to any 

assessment and that both he and Cronbach were concerned with the validity 

of assessment in general indicates clearly that conceptions of validity are not 

confined to the assessment of educational constructs. The last three sets of 

authors listed above all built on the work of Cronbach and Messick and 

pointed out that the practice of validity research had not done justice to the 

views Cronbach and Messick articulated. Whilst recognizing that 

conceptions of validity can be equally well applied in other contexts, for 
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example psychometric testing, the work of the three sets of authors is 

important to my study because of the educational context within which they 

deal with conceptions of validity. Moss (1992), followed by Gipps (1995), 

critiqued the additional criteria or advice they proposed that addressed 

concerns about meaningfulness and directness raised by those involved in 

competence-based assessment. All the authors argued that the consequences 

of assessment-based interpretations and actions needed to be considered, 

particularly in terms of teaching and leaming. The notion of systematic 

validity developed by Frederiksen and Collins (1989) further emphasized 

the consequences of assessment practices (Gipps, 1995; Hickey et al, 1999; 

Linn et al, 1991; Moss, 1992; Sambell et al, 1997). A systematically valid 

assessment is one that induces in the educational system curricular and 

instructional changes that foster the development of the cognitive skills that 

the test is designed to measure (Frederiksen and Collins, 1989, p. 27). The 

main characteristics that contribute to systematic validity are the directness 

of the cognitive assessment and the degree of judgement required in 

assigning a score. The advantage of direct assessment is that instruction that 

improves the assessment score will also result in improved performance on 

the extended task and on the expression of the cognitive skill within the 

context of the task. Thus teaching to the test becomes teaching to the 

domain (Frederiksen and Collins, 1989). Gipps (1995, p. 102) argues that 

given the promises made for performance assessment the concept of 

systematic validity is relevant. 

Linn, Baker and Dunbar (1991) produced criteria for validity evaluation that 

sit under the umbrella of construct validity. These are cognitive complexity 

of the task with its analysis going beyond face validity, content quality and 

coverage, the tasks must themselves be worth the time and effort of the 

students, and subject matter experts must be involved in assessment design. 

The last point is concerned particularly with the impact of assessment on 

teaching, if there are gaps in the content covered by the assessment then 

teachers and students are likely to under-emphasize those parts of the 

content domain that are excluded from the assessment (Linn et al, 1991, p. 

20). 
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The authors critiqued by Moss (1992) and Gipps (1995) wrote their articles 

for professional assessment developers and evaluators and as a result 

students’ interpretations were seen as secondary (Moss, 1992, p. 251). 

Sambell et a1 (1997) focused on the effects of assessment on the teaching 

and learning context and social consequences of the use of assessment 

information by drawing on qualitative data to illuminate the impacts of 

assessment practices on student perceptions of learning and on their 

learning behaviour (ibid, p. 349). Another study that was concerned with 

consequential validity and students’ interpretations was carried out by 

Hickey et a1 (1999) who adopted Shepard’s (1993) alternative 

conceptualization of Messicks’ model. 

Although Shepard (1993) agreed with Messick on the scope and range of 

validity evaluation, she argued that his framework does not help to identify 

which validity questions were essential to support the use of a test. She 

produced what she considered to be a straightforward means to prioritize 

validity questions and suggested that 

validity evaluations be organised in response to the 

question: What does the testing practice claim to do? 

Additional questions are implied: What are the arguments 

for and against the intended aims of the test? and What 

does the test do in the system other than what it claims, for 

good or bad? All of Messick’s issues should he sorted 

through at once, with consequences as equal contenders 

alongside domain representativeness as candidates for 

what must be assessed in order to defend test use. 

(ibid, p. 429) 

So where does this leave me in terms of my own study? In discussing the 

unitary concept of validity I identified the two major threats as construct 

under-representation and construct irrelevant variance. I must show whether 

there is sufficient evidence to discount them as threats to the construct 

validity of the course assessment. To do this Messick, as Gipps (1995) 

argued, would have me address validation requirements of extensive 
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proportions as indicated earlier by his list of questions. There appears to be 

consensus amongst Linn, Baker and Dunbar (1991), Frederiksen and Collins 

(1989), and Shepard (1993), that consequential categories are as equally 

important as evidential categories. Also the study by Hickey, Wolfe and 

Kindfield (1999) would suggest that using just Messick’s model might 

prove to be limiting. I am presented with the difficulty of deciding exactly 

what theoretical criteria I will use in my study to evaluate the validity of the 

assessment. I will look at what the assessment process claims to do in terms 

of measuring the construct, predicting occupational performance, and 

impacting on the teaching and learning process. I will then be able to draw 

conclusions about the validity of the assessment and also about the 

significance of my study to others involved in the theory and practice of 

education. The criteria I will use will be that: 

The construct is represented in the assessment in sufficient breadth and 

depth. 

Important elements of the construct have not been omitted from the 

assessment. 

The assessment does not introduce sources of invalidity or irrelevant 

variance that bias the scores or judgements. 

The way the assessment is marked reflects the manner in which domain 

processes combine to produce effects and is consistent with the structure 

of the domain about which inferences are to be drawn or predictions 

made. 

The results of the assessment can be interpreted to mean students that 

pass have demonstrated the required level of performance to be 

considered competent military engineers. 

The results of the assessment can be used to place graduates of the 

courses into jobs in the Field Army. 

A consequence of interpretation and use of the results of the assessment 

is that graduates go on to perform successfully in their occupational role. 

A consequence of interpretation and use of the results of the assessment 

is that there is a positive impact on the teaching and learning process. 
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I have now produced the theoretical criteria I will use as a basis to evaluate 

the validity of the course assessment. I have chosen the above criteria 

because my study is an exploration into the nature of the validity of the 

assessment of competence that relates to a defined occupational role, the 

military Clerk of Works engineer. It is my intention to explore the 

assessment process using these criteria as a framework for my exploration. I 

have made this decision based on the nature of the study I want to conduct. 

Chapter 4 deals with the issues of the methodology and methods in more 

detail. I will now focus on a discussion of the issues involved in the 

assessment of occupational competence. 

Assessing Engineering Competence 

I am concerned with issues of competence-based assessment and defining 

engineering competence as a theoretical construct. This section will be a 

discussion of the methodology of competence-based assessment and the 

development of the theoretical construct, engineering competence. At the 

end of this section I will discuss the use of assessors’ judgement within the 

context of competence-based assessment. 

The Relationship between Criterion-Referenced and Competence- 

Based Assessment 

From the early 1960’s, when Glaser (1963) made reference to criterion- 

referenced assessment, and 1991 some 900 papers have been published on 

the topic and many definitions of criterion-referenced assessment have been 

proposed (Hambleton et al, 1991). Criterion-referenced assessment has 

become a familiar term to those involved in education, it is associated with 

assessing performance against clearly specified outcomes, with assessing for 

achievement rather than against pass marks or norms, and hence recognized 

as the alternative to norm-referenced assessment. Glaser (1963) defined 

criterion-referenced assessment specifically in terms of its difference from 

norm-referenced assessment. The most widely accepted definition of a 

criterion-referenced assessment is an assessment that is used to ascertain an 

individual‘s status with respect to a well-defined behavioral domain 
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(Popham, 1978, p. 93). Competence-based assessment is considered to be a 

specialized development of criterion-referenced assessment, starting from 

and remaining entirely focused on outcomes or criteria (Jessup, 1991; Hager 

et al, 1994; Wolf, 1995, 1996). The difference between the criterion- 

referenced and competence-based systems is seen to be that criterion- 

referenced assessment is associated generally with mainstream education, 

criteria defined by the curriculum and paper-and-pencil tests, whereas 

competence-based assessment is essentially non-academic, focused on a 

notion of competence and defined in a vocational context (Wolf, 1995). 

In my study, the aim of the courses, both mechanical and electrical, is to 

produce a competent military engineer with a BTEC HND qualification. 

The courses are assessed in terms of vocational and academic goals that 

involve both work-based and college-based learning. The relationship 

between how each of these elements is assessed is an area that should be 

explored (Usher & Bryant, 1987; Benett et al, 1989). The term vocational is 

traditionally linked to manual skills, derived from a craft tradition, and 

referenced to outside, occupational activity. There has been a significant 

shift in the way vocational assessment is viewed. It is no longer related only 

to craft skills but also to the professions and higher education. Professional 

bodies are now seen to have a key role in the development of students who 

are able to perfom competently in their chosen professions (Boud, 1995; 

Hillier, 1997; Wolf, 1995). The elaboration and development of what is 

essentially a work sample approach, i.e. carrying out assessment of a work 

related task centred on a notion of competence, is seen as the single most 

important development in vocational assessment (Wolf, 1996). 

Defining and Assessing Competence 

There are many different concepts of competence and it is widely accepted 

that how it is conceived makes a significant difference to the assessment 

process (Benett, 1993; Hager, Gonczi & Athanasou, 1994; Hillier, 1997; 

Wolf, 1995). Benett (1993) states that the claim is made that competence is 

a hypothetical construct relating to what individuals are 
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theoretically able to do and this ability is judged by the 

performance of what they actually do in particular 

circumstances. (Benett, 1993, p. 86) 

Hager et a1 (1994) promote an integrated conception of competence in 

which competence is conceptualized in terms of 

knowledge, abilities, skills and attitudes displayed in the 

context of a carefully chosen set of realistic professional 

tasks which are of an appropriate level of generality. (ibid, 

P. 4) 

Key tasks or elements that are central to the professional practice are 

selected and the main attributes required for competent performance of these 

tasks are then identified. Hager et a1 (1994) argue that experience has 

shown that the integrated concept captures the holistic richness of 

professionalpractice and one reason given for this is that 

competence is a construct that is inferred from 

performance of relatively complex and demanding 

professional activities. (ibid, p. 5) 

Boud (1995) supports the above view and believes that moves are being 

made towards a holistic conception of competence that leads to a need to 

look at the impact of the total package of learning and assessment and not 

simply at fragments of assessment (Boud, 1995, p. 38). 

The emphasis should not be on the practice alone. There must also be 

reference to the underpinning knowledge that is seen as inherent in the 

practice but there is a difficulty here in that much of this underpinning 

knowledge is not easily identified in practice because it is tacit (Eraut, 1994; 

Hager et al, 1994; Hillier, 1997). This is similar to the view expressed by 

Messick (1984) who makes the point that the structure of knowledge and 

abilities are embraced by the term competence. Messick (ibid) also states 

that there is a difference between competence and performance, the former 
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being about what an individual knows and does under ideal circumstances 

and the latter what they actually do under existing circumstances. 

Competence is inferred from performance and this is so because the latter is 

observable whereas the former is not. Competence combines the possession 

of relevant attributes i.e. knowledge, skills and attitudes, with the ability to 

use them to perform certain tasks, or in certain roles or situations (Gonzi et 

al, 1993). In other words possessing knowledge, skills and attitudes alone 

does not constitute competence nor does just the performance of a series of 

tasks. Competence comes from the ability to use the former appropriately in 

the successful completion of the latter. Assessment of competence involves 

a judgement about performance. Someone assessed as competent is seen as 

a professional that can be trusted with a degree of responsibility in those 

areas within the range of their competence (Eraut, 1994). This is not to 

suggest that there are different grades of competence but that there is a level 

of task, a degree of difficulty, at which people cease to be considered 

competent. Judgements are made in terms of the distinction between novice 

and expert and Eraut (1994) suggests that there are two dimensions to deal 

with when defining competence in this way, scope and quality. Scope is 

defined by the range of roles, tasks and situations for which competence is 

established or inferred and quality is defined by the degree to which the 

individual can perform in these roles, tasks and situations (Eraut, 1994, p. 

167). This notion of competence is based on a model of progression and 

lifelong professional learning that 

contrasts with those definitions of competence adopted by 

most competency-based systems of training and education, 

which assume a binary scale by confining assessment 

decisions to judging whether a candidate is competent or 

not yet competent. 

(Eraut, 1994, p. 215) 

I agree that Eraut’s model allows for the quality of professional work to be 

developed as a lifelong process and that progression beyond qualification is 

important. Expressed in simpler terms students graduating from the courses 
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are not experts but they have demonstrated the capability to perform, 

through some form of assessment, to the standard required of them at that 

time in their development. In my study, they would be considered by the 

assessors to be competent to start work as a Clerk of Works engineer, the 

results of the assessment predicts this and that the graduates have the 

potential to develop professionally as they continue with their careers. 

Since the validity of competence-based assessment has an external referent 

that derives from the world of employment (Wolf, 1996, p. 212), and is 

judged by what the individual does after the assessment, then the focus 

should be placed on the key purposes of the occupation and the functions 

this involves. What must occur is some form of functional analysis of the 

outcomes of the occupation that focuses on their purpose and function 

(Eraut, 1994; Wolf, 1995, 1996). From this analysis the performance criteria 

will be developed that are central to the competence-based system and 

rejlect the critical aspects of performance - all those qualities which are 

essential to competent performance (Fletcher, 1991, p. 169). By focusing on 

the general functions of the job the underlying, general requirements on 

which assessment should concentrate will be far more evident than through 

the use of a job analysis process that concentrates solely on current tasks 

and routines (McMahon & Carter, 1990; Wolf, 1996). 

As stated earlier, for both criterion-referenced and competence-based 

assessment systems the behavioural domain needs to be specified clearly 

and unambiguously (Gipps, 1995; Hambelton et al, 1991; Shepard, 1991; 

Wolf, 1995, 1996). If the assessment is used to make statements about an 

individual’s behaviour or competence in a particular area then there must be 

a one-to-one match between the assessment and the domain. This is where 

the problem lies for both assessment systems, the harder the attempt to 

define the domain being assessed, the narrower and narrower the domain 

itself becomes, without, in fact, becoming fully transparent (Wolf, 1995, p. 

55). Domain specification is a problem area that has been widely recognized 

(Benett, 1993; Eraut, 1994; Hager et al, 1994; Hillier, 1997; Wolf, 1995). 

Wolf emphasizes the problem when she argues that in practice, the greater 

the requirement for clarity, the more tightly the domains or outcomes or 
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criteria tend to be defined, the more narrow and more numerous they 

become (Wolf, 1996, p. 222). This is a problem referred to as the Catch 22 

situation for  criterion-referenced studies (Gipps, 1995, p. 87). As this 

problem applies equally well to competence-based assessment, this directs 

Wolf (1996) to the conclusion that the validity issue is not as easily solved 

as those advocates of competence-based assessment would lead us to 

believe. She argues that 

analysing competencies is not enough if one cannot 

actually assess them directly, either because the outcome 

statements are essentially non-assessable or because of the 

simple volume of discrete tasks generated. (Wolf, 1996, p. 

226) 

The University of Houston example described by Eraut (1994) and 

concerned with competence-based teacher education highlights similar 

issues and he concludes that the 

main difficulties were the sheer number of objectives to be 

assessed, with consequent lack of proper attention to each; 

and the lack of any valid theoretical construct for 

combining or prioritizing assessment evidence. 

(Eraut, 1994, p. 173) 

It has been suggested that one way to get around the problems associated 

with the assessment of objectives or outcomes could be to include periods of 

experience that supplement or replace direct assessment (Wolf, 1996). In 

terms of occupational performance this would be arguably the closest form 

of experience to vocational reality. Occupational performance is much more 

likely though to be assessed using academic measures or competence-based 

work sample methods. There is evidence that the correlation between 

academic measures and occupational performance is generally low 

(Ghiselli, 1996; Samson et al, 1984; Wood, 1991). One point that arose 

from a study by Williams and Boreham (1971) that is worth noting in 

relation to my study was that performance in mathematics, physics and 

32 



engineering drawing examinations could provide reasonable predictions of 

success in terms of passing engineering courses. Wolf (1995) critiques these 

studies and sums up the available evidence by stating 

Nonetheless, even allowing for these relationships, the 

case against [my italics] academic-style assessment as a 

way of predicting later vocational success is fairly strong. 

(Wolf 1995, p. 48) 

Evidence from the competence-based approach suggests that the correlation 

between simulated work-based measures and occupational performance is 

much higher than for academic measures (Asher & Scianino, 1974; 

Robertson & Downs, 1979; Robertson & Kandola, 1982). Longitudinal 

studies of occupational success, for example in the Armed forces with their 

centralized training and assessment centres, are another source of evidence 

(Gardner & Williams, 1973; Feltham, 1988 a, b). Again Wolf (1995) has 

critiqued the studies and sums up the evidence by stating 

Overall, then, the evidence provides considerable support 

at a theoretical level for the competence-based approach. 

Arguing from first principles, we can conclude that 

faithful simulation and sampling of the behaviour of 

interest should provide us with the most valid form of 

assessment. (Wolf 1995, p. 52) 

My study is concerned with assessment of occupational performance and for 

an academic qualification. The methods of assessment used, and the 

interpretation and use of the results of the assessment, will need to be 

evaluated in the context of the above discussion. 

So far the discussion has been concerned with representing and assessing 

the construct competence. As I am concerned with competence in terms of 

engineering, the next section will be focused on how engineering 

competence can be defined as a theoretical construct. 
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Defining the Construct Engineering Competence 

The process of defining the theoretical construct engineering competence 

must focus on what competent engineers need to h o w  and do. Defining 

engineering competence as the theoretical construct is not in itself an easy 

task, as Vincenti (1993, p. 15) states the epistemology of engineering 

knowledge is obviously at its beginnings, a view supported by McCormick 

(1997). There exists a relationship between science, mathematics, and 

engineering and many people see the latter as simply being applied science. 

Vincenti suggests that if this view is adopted then studying the epistemology 

of science should automatically subsume the knowledge content of 

engineering (Vincenti, 1993, p. 4). This, as he later states, is not the case as 

engineering knowledge should be viewed as an autonomous body of 

knowledge, identifiably different from the scientific knowledge with which 

it interacts. Engineers use knowledge to design, produce and operate 

artefacts, actions that in essence define the term engineering, whereas 

scientists use knowledge to generate more knowledge (Vincenti, 1993). 

This implies that engineering knowledge refers to that used by engineers 

and scientific knowledge refers to that generated by scientists, the latter 

being the producers of the knowledge that the former uses. However, 

engineers do in fact use knowledge to generate further knowledge and 

should also be considered as producers, although this is not seen as their 

primary function or concern. When defining engineering knowledge there 

is some inclusion of knowledge from science and mathematics, but it really 

develops from the nature of the engineering activity, such as the design 

process. I will show that the very nature of such a process makes the 

definition of the knowledge base difficult as it includes both tacit and 

personal knowledge gained from experience, from practice (Vincenti, 1993; 

Bucciarelli, 1994; McCormick, 1997). 

Engineers are predominantly concerned with the solving of practical 

problems and to do this they need the necessary knowledge, which both 

serves and develops from the practical problem solving activity. The 

engineering design process is seen as usually starting with the identification 

of a problem with the limitations expressed as constraints, these becoming 
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more sharply delineated, and eventually leading to a focus on the desired 

functionality of the finished product (Court, 1998; Vincenti, 1993). The 

primary role of the engineer is based on applying knowledge and experience 

to technical problems in order to produce suitable solutions. Vincenti (1993) 

categorizes engineering knowledge, in the context of what he calls normal 

design, under the following headings: 

Fundamental design concepts. 

Criteria and specifications. 

Theoretical tools. 

Quantitative data. 

Practical considerations. 

Design instrumentalities. 

(Vincenti, 1993, p. 208) 

I will discuss briefly each of these in turn. Fundamental design concepts 

refer to how a device works, how it operates and the fundamental concepts 

which define it. The engineer must know the operational principle of their 

device (Polyanyi, 1962) in order to carry out normal design and this 

provides a key point of difference between engineering and science, as it 

originates outside the body of scientific knowledge and exists to serve some 

innately engineering purpose (Vincenti, 1993). Operational principles are 

clearly not enough to enable the engineer to design the device, knowledge of 

the technical criteria related to the device and its use must be available. 

These criteria, the technical specification, constitute an important element 

of what constitutes engineering knowledge. Again Vincenti (1993) sees this 

as a point of difference between engineering and science in that scientists do 

not aim to satisfy rigidly specified, practical goals or tasks in their quest for 

understanding whereas this is very much the nature of the engineers role. So 

an engineer needs device knowledge and the personal knowledge of 

engineers must be based on the devices they are dealing with and the social 

context within which they operate (Buccarelli, 1994). It follows then that 

device knowledge should not just be linked with abstract concepts but 

should be embedded within the community of practice where the devices are 

being used. 
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Engineers use a wide range of theoretical tools that include scientific and 

mathematical methods and theories, and what Vincenti (1993, p. 215) refers 

to as intellectual concepts. The mathematical knowledge is seen as being 

formulae or calculative methods used for quantitative analysis and design, 

theories that have no physical content in themselves but are used by 

engineers, and mathematically structured knowledge that is essentially 

physical and comes from prior scientific knowledge. The intellectual 

concepts are concerned with the language of thinking, not only for the 

calculations that must be carried out but also for the conceptualization 

process that forms a key part of an engineer’s activity. As Vincenti states, 

these concepts range from being highly scientific to 

intensely practical, from specifically mathematical to 

explicitly physical. (Vincenti, 1993, p. 215) 

They would include basic concepts from science, such as acceleration, 

work, electrical resistance and voltage, and those of an engineering nature 

such as mechanical efficiency and feedback in control engineering. 

The quantitative data relates to knowledge of the physical properties 

engineers require and Vincenti (1993) divides this into two categories, 

descriptive and prescriptive knowledge. The former is concerned with 

knowledge of how things are, the properties of substances, physical 

constants and processes. Mathematical theories are also descriptive, they 

allow calculation of how things perform under given conditions or using 

certain assumptions. Prescriptive knowledge is concerned with knowledge 

of how things should be to attain the desired goal, the process specifications. 

This would include operational principles and engineering specifications 

that prescribe how a device should be for it to be able to meet its functional 

requirement. This differs from the design concept because it deals with the 

structure of the device itself as opposed to its performance, its function. 

The practical considerations are concerned with knowledge gained from 

experience, from practice. This reflects the notion of personal knowledge 

and the emphasis on practice (Bucciarelli, 1994; McCormick, 1997). 
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Vincenti (1993) argues that this personal knowledge is learned on the job 

rather than from books or in the classroom. It also involves the use of 

judgement, which is more likely to be sound if it is based on knowledge 

gained from experience. Engineers learn from their mistakes, and success, 

just like everyone else. Vincenti (1993) believes that the use of this personal 

knowledge is essential to engineering and from it can be developed rules of 

thumb that allow rough checks of calculations or designs. This rule of 

thumb method is referred to as heuristics. Rules of thumb that have been 

developed from experience are used to formulate design solutions. For 

example the amount of heat required by a building in winter can be roughly 

calculated based on the volume of the building and a figure of 30 W/m3 

(CIBSE, 1999) thus reducing the difficult and protracted calculation of heat 

loads for a building to a simpler, solvable problem. A novice would be able 

to use this method but would not have the experience to judge how accurate 

the approximation was and would therefore lack confidence in using it, 

perhaps preferring to carry out the complete calculation. 

Design instrumentalities are concerned with the procedures, the ways of 

thinking and the judgemental skills by which the process is carried out. 

Most engineering design work requires knowledge of the structured 

procedures that need to be followed in order to achieve the desired outcome. 

It also requires certain mental processes, ways of thinking, which may be 

derived from the intellectual concepts discussed earlier, by analogy, or by 

visualization. Vincenti (1993) suggests that efforts have been made in 

engineering education to teach both analogy and visual thinking in the 

classroom, however he sees practical experience as being indispensable and 

that knowledge of how to exercise judgemental skills, like knowledge to 

think visually, is mostly tacit. Vincenti (1993) concludes that such skills can 

only be learned through practical experience and sums up by stating that 

knowing how to exercise such skills is, as much as anything else, what 

separates an outstanding engineer from an ordinary one (Vincenti, 1993, p. 

222). Vincenti (1993) is defining the difference between a novice and an 

expert in terms of how they view the problem. Glaser (1993) argues that in 

order to solve a problem the engineer represents the problem as a cognitive 

structure corresponding to it, based on domain-related knowledge and its 
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organization. By constructing this representation, the problem solver 

attempts to understand the nature of the problem and it is the quality, 

completeness and coherence of this representation that determines the 

efficiency and accuracy of further thinking. The difference between the 

expert’s knowledge and novice’s knowledge is that the novice’s is 

organized around the literal objects given explicitly in the problem whereas 

the expert’s is organized around principles and abstractions that subsume 

these objects. Experts derive these principles from their knowledge of the 

subject matter and they also have knowledge of the application of what they 

h o w ,  tacit knowledge, which together comprise tightly connected schema. 

Novices however lack this tacit knowledge and their difficulty in solving 

problems can be largely attributed to this rather than to the limitations in 

their processing capabilities such as the inability to use problem solving 

heuristics (Glaser, 1993). 

I have discussed Vincenti’s six categories individually but this does not 

imply that they should be taken to be distinct from one another. It is 

recognized that they interact intimately and that though engineering 

knowledge has many threads, it is itself a tightly woven fabric (Vincenti, 

1993, p. 223). The knowledge used by engineers to solve problems must 

come from all the categories; they do not follow a hierarchical pattern, the 

engineer will move up and down within the categories and also back and 

forth between them. I have presented a view of the theoretical construct 

engineering competence that reflects Haertel’s (1 985) model, i.e. curriculum 

content, cognitive processes and behavioural outcomes. The curriculum 

content comes Erom the domains of mathematics, science and engineering 

and fits into the categories of the fundamental design concepts, criteria and 

specifications, theoretical tools and quantitative data. Both the cognitive 

processes and behavioural outcomes fit into the practical considerations and 

the design instrumentalities categories. 

It can be seen from an engineering taxonomy, taken from the Engineering 

Professors’ Conference (1989), that attitudes and values are particularly 

important for professional and vocational education. This taxonomy 

identifies not levels of learning but types of learning i.e. knowledge, skills, 
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understanding, know-how, and attitudes, values & personal qualities, and 

links them with teaching in the form of resources, process and assessment of 

outcomes. Imrie (1995) states that the two domains, cognitive and affective, 

are represented with the emphasis on understanding that involves grasping 

concepts and being able to use them creatively (ibid, p. 182). Both the Army 

and BTEC define the curriculum in terms of objectives and the taxonomy 

most widely used for the assessment of objectives is that developed for the 

cognitive domain (Imrie, 1995). Taxonomies have also been developed for 

the psychomotor and affective domains. The domains are defined as 

follows: 

The cognitive domain is concerned with knowledge and 

information and is subdivided into levels of cognitive 

ability (lower to higher): knowledge; comprehension; 

application; analysis; synthesis; evaluation. 

The psychomotor domain is concerned with the 

performance of skills: readiness; guided responses; 

mechanism; complex response; adaptation; origination. 

The affective domain deals with areas of learning that 

include such concepts as receiving; responding; valuing; 

characterization; organization; conceptualization. 

(Imne, 1995, p. 177) 

I do not intend to go any further into the process of domain specification for 

two reasons. The first reason is that it would present me with what I 

consider to be an enormous task, trying to specify all the domains clearly 

and unambiguously is not what I want to do in my study on validity. Such 

studies have been carried out (see Baker, 1992; Shavelson et al, 1992). The 

second reason is that I do not intend to conduct a quantitative study 

concerned with a statistical correlation between the definition and the 

assessment of the construct. I want to explore the process by which the 

construct is defined and assessed. In this chapter, I have discussed concepts 

of validity, defining and assessing competence in general terms and, more 
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specifically, defining the construct engineering competence. In terms of 

assessment of engineering competence and the validity of this assessment, 

the use of the assessors’ judgement is, I believe, a fundamental issue. I will 

show in my study the lecturers are responsible for assessing student 

performance and the use of their judgement is linked to all of the issues 

discussed previously. It is the issues of assessors’ judgement that I will now 

discuss. 

Assessors’ Judgement 

It is widely accepted that competence-based assessment is a judgemental 

model (Gipps, 1995; Hager et al, 1994; Hager & Butler, 1996; Hambleton & 

Rogers, 1991; Wolf, 1995). Concern has been expressed over the use of 

assessors’ judgement in terms of objectivity or bias when assessing student 

performance (Fleming, 1999; Gipps, 1995; Hager et al, 1994; Kane, 1994; 

Wolf, 1995). Assessors’ judgement is likely to be based on their own 

interpretation of the performance criteria and of the evidence of student 

performance in relation to their interpretation (Fleming, 1999; Wolf, 1995). 

Despite the threat this poses to the validity of the assessment, attention has 

tended to focus on the issue of domain specification rather than that of 

assessors’ judgement (Wolf, 1995). If the assumption is made that the 

assessment criteria are so clearly specified that performance can be judged 

explicitly against them then assessors’ judgement is not such an important 

issue after all. However the difficulties with clarity and transparency when 

specifying the domain have already been discussed and this, coupled with 

the different contexts in which competence is assessed and displayed, means 

that assessors’ judgement should be recognized as being equally as 

important as domain specification (Wolf, 1995). The use of decentralized 

assessors and devolved assessment methods can create a situation where 

assessors are advised or encouraged to collect any mix of evidence that 

enables them to make a valid judgement of competence. Such a situation 

does not guarantee common standards, allows for compensation and raises 

issues in terms of the validity, reliability and comparability of the 

assessment (Eraut, 1994, Gipps, 1995; Wolf, 1995). With regard to 

reliability and comparability, the role of validating bodies such as BTEC in 
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maintaining standards is considered crucial (Benett, 1993). BTEC (1988) 

views the maintenance of standards as being the collective concern of 

course teams that become aware of national standards through contact with 

the BTEC moderator. 

Judgements about competence depend on the tacit knowledge and expertise 

of the assessors. They 

operate in terms of an internalized, holistic set of concepts 

about what an assessment ‘ought’ to show, and about how, 

and how far, they can take account of the context of the 

performance, make allowances, refer to other evidence 

about the candidate in deciding what they ‘really meant’, 

and so on. (Wolf, 1995, p. 67) 

It is suggested that due to the wide margin of interpretation given to the 

assessors, who I will show in my study are the lecturers, that 

through their concrete evaluative decisions, they 

operationally define what is the valid knowledge of a 

discipline. (Kvale, 1996, p.220) 

Kvale (1996) suggests that the assessors, the lecturers, thus decide what is 

true or false, right or wrong, and valuable to be developed further. If the 

assessors judge performance against their own standards rather than the laid 

down criteria then the validity, reliability and comparability of the 

assessment will be questionable. Training of assessors is seen as having a 

critical part to play in dealing with the problems posed by the use of 

assessors’ judgement in assessing student performance (Burchell et al, 

1999; Dunbar et al, 1991; Eraut, 1994; Linn, 1993; Kane, 1994). 

Since judging student performance involves assessing multiple outcomes 

and numerous criteria, the results of the assessment must be collated in 

some way. The detailed performance profile of each student must be 

collapsed into a single reporting figure or grade (Gipps, 1995; Hambleton & 

Rogers, 1991; Wolf, 1995). This process is known as aggregation. The 
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simplest aggregation models operate by defining an overall percentage pass 

mark or a pass mark for each element of assessment where all elements 

must be passed. Either of these aggregation methods requires decisions to be 

made by the assessors and there is evidence that compensation by the 

assessors also occurs in the aggregation process (Smith and Shepard, 1988; 

Wolf and Silver, 1986; Wood et al, 1989). The degree to which the 

assessors use their judgement in the aggregation of results depends on their 

own experience, their familiarity within the field of concern and the degree 

to which they have developed their own internalized model of competence 

(Wolf, 1995). In criterion-referenced assessment the process of aggregation 

is considered to be best carried out by individuals who are familiar with the 

test content, understand the process by which the standards are set, have 

access to performance data, and understand the social and political context 

in which the tests are being used (Hambleton and Rogers, 1991). As 

competence-based assessment is a specialised form of criterion-referenced 

assessment then I consider the above applies equally as well to both. 

The use of the assessors’ judgement in defining the construct engineering 

competence, using internalized, holistic models to measure student 

performance, and aggregating the results of the assessment is an important 

part of my study. There are two reasons for this. The first reason is that I 

believe assessor’s judgement should be given equal importance with the 

issue of domain specification. The second reason is I want to explore how 

the lecturers in my study use their judgement in assessing student 

performance and the impact this has on the validity of the assessment. The 

consequences of the use of the assessors’ judgement will have implications 

for both the stakeholders at the RSME and for others working in 

competence-based education and training. 

Summary of this Chapter 

I began this chapter by exploring notions of validity and explained my 

rationale for adopting the unitary concept, as prescribed by Messick (1989), 

with construct as the unifying theme. As my study is concerned with 

exploring the nature of validity of the course assessment, I defined the 
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theoretical criteria against which the validity of the assessment will be 

evaluated. The criteria were focused on construct representation in the 

assessment and the claims made for the assessment. 

In my study, the students that pass the assessment are considered to be 

competent to do the job of a Clerk of Works engineer. The assessment 

measures occupational performance from which inferences are drawn about 

the engineering competence of the graduates. I was concerned with 

competence-based assessment, a specialized form of criterion-referenced 

assessment. I have shown that defining Competence is far from easy, the 

definition must contain the very essence of professional practice and I 

discussed the problems associated with domain specification and the 

assessment of the construct competence. What became evident was that a 

clear understanding of the construct, engineering competence, with 

performance criteria that have been derived from the key purposes and 

functions of the job was required. I decided against trying to specify the 

domains clearly and unambiguously in my study, as I wanted a broader 

definition of the construct. Using mainly Vincenti’s model, I identified the 

basic categories that make up the construct engineering competence. 

The model showed that the assessment of engineering competence must 

measure elements of the subject, i.e. mathematics, science etc., the cognitive 

and the behavioural domains. I discussed the issue of assessors’ judgement 

and the use of their own internalized, holistic model of competence to define 

the construct, compensate for student performance and aggregate results. In 

my study I will look at the impact of the use of assessors’ judgement on the 

validity, reliability and comparability of the assessment. I will explore the 

impact not only by gathering evidence from the lecturers themselves but 

also from other sources i.e. the students, serving Clerks of Works and their 

employing officers. 

Before I present the data and its analysis I need to discuss and explain the 

rationale behind my choice of methodology and methods. The next chapter 

details the methodological issues and the methods used in gathering and 

analysing the data contained in my study. 
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CHAPTER 4 

Methodology & Methods 

Methodology 

The Qualitative versus Quantitative Debate 

Much has been written on the issue of whether educational research should 

be quantitative or qualitative in character. Quantitative research is concerned 

with qirlrirr~ficurion and nieasurement, and hence the collection and 

statistical analysis of numerical data. One of the criticisms levelled at 

quantitative research is that, although the numerical evidence produced 

appcars authoritative, there are some fundamental doubts about its validity. 

Critics of this method also argue that it fails to take into account the very 

naturc of human social life. The assumption being that it consists of 

rtrcchonrcul rurise-und-eflecr reluiionslrips rather than contextually variable 

untl co~nplc~.~  processes of inrerpretation and negotiation that do not have 

~ I ~ v ~ ~ r ~ n r n ~ r r c  orrIcotnes (Bird ti Hammersley, 1996, p. 15). The criticism is 

concemcd therefore, not just \vith the numerical methods, but also involves 

disagrcenicnt ovcr the nature of human behaviour and how it can be 

understood. Qualitative research emphasizes the importance of 

understanding how people's perspectives shape their actions and how 

diversc these perspectives may be. This is often seen as requiring an 

exploratory approach in which the researcher must suspend his or her own 

assunlptions of the world in order to see the others' point of view. Actions 

are seen as bcing constructed ovcr time and in ways that are sensitive to 

their context (Bird & Hammersky, 1996). Quantitative researchers have 

responded to the criticisms and. in the process, levelled their own criticisms 

against qualitative nicthods. The debate goes on, but little is to be gained in 

this study by discussing further the differences between what are 

fundamentally two opposed methods and philosophies of social and 

educational research. This is especially so as there is widespread agreement 

that both methods can be used to complement each other when carrying out 
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educational research (Bryman, 1992; Bird & Hammersley, 1996). There is a 

great deal of educational inquiry that uses both qualitative and quantitative 

methods (Bird & Hammersley, 1996) and although the initial intention was 

to conduct a qualitative case study, as my study evolved it became clear that 

it would involve the use of both methods. The discussion that follows 

focuses on the nature of qualitative research methods however where 

appropriate quantitative methods will be discussed together with the 

rationale for their inclusion. 

Why a Focus on Qualitative Research? 

In terms of educational inquiry, the sociology of education and curriculum 

evaluation research were two areas that turned to qualitative methods (Bird 

& Hammersley, 1996). Qualitative research can take many forms (Atkinson 

et a/ ,  1993) and Bird and Hammersley (1996, p. 16) suggest it has, in 

general, the following characteristics: 

A strong emphasis on exploring the nature of particular educational 

phenomena, rather than setting out to test a pre-defined hypothesis. 

A tendency to work with ‘unstructured data’ i.e. data that have not been 

coded at the point of collection in terms of a closed set of analytical 

categories or a formally constructed scale. For example, when 

interviewing, open-ended questions will often be asked rather than 

questions requiring choice from pre-specified answers of the kind 

typical of postal questionnaires. In fact, qualitative interviews are often 

designed to be close in character to informal conversations. 

Generally, a small number of cases will be investigated in detail, rather 

than any attempt to cover a large number. 

The analysis of data involves explicit interpretation of the meanings and 

functions of human actions, and mainly takes the form of verbal 

descriptions and explanations. Quantification and statistical analysis 

play only a minor role, if used at all. 
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These characteristics can be reflected in the main features that Woods 

(1996, p. 82) sees as being present in most forms of qualitative research. 

These are: 

0 

0 

0 An emphasis on process. 

0 

A focus on natural settings. 

An interest in meanings, perspectives and understandings. 

A concern with inductive analysis and grounded theory. 

So hon does this fit with my study that sets out to explore the nature of the 

validity of assessment at a military engineering training establishment? My 

desire \vas to explore how the construct engineering competence was 

defined, how this was assessed, and the nature of the validity of that 

assessment. As Bird and Hammersley (1996) suggest of qualitative research, 

i t  involves maintaining an open mind and fostering curiosity in order to 

delve beneath the surface to peel back the layers and reveal the complexity 

of the situation or process under scrutiny. Woods sees the concern with the 

process as showing an interest in how undersrandings are formed, how 

nreunings ure riegoriated. holv roles are developed, how a curriculum works 

our, iioii. ( I  p o l i c ~  isforin~rlured cirrrl irnplemented (Woods, 1996, p. 87), and 

these concerns are reflected in m y  own study. He states that this has been 

described as rliick rlcscriprion in which the voices. feelings, actions, and 

meuniirgs of irirerucring in(/ii~iduu/s ure heard (Denzin, 1989, p. 83). My 

study sought to discovcr the lecturers' perspectives when assessing the 

students, how they have interpreted the way in which the course assessment 

has been devised, the knoivledge required by the students, and how this was 

demonstrated. Other perspectives were also sought. i.e. students, the BTEC 

moderator. Throughout m y  study the aim was to focus on exploring the 

assessment process in order to discover the nature of its validity. As my 

study progressed, i t  became clear that quantification, the use of numerical 

tables and simple nunlerical comparison would have a role to play in 

analysing some of the data. There was a move away from the interpretive 

nature of qualitative research and the final section of this chapter, analysing 

the data. will deal with this issue in more detail. 

46 



Why a 'case study'? 

Yin (1994) argues that the most appropriate strategy for research questions 

involving the how and the why, as with my research, is the case study. My 

study explores not just how competence is defined but also asks why it is 

defined in this way. It is a study into the views held and judgements made 

by staff and students on what constitutes military engneering competence 

and how it is assessed. It also asks in what ways assessment of this 

construct is valid. My study does not set out to examine student assessment 

results but to explore the process of assessment, what is looked for, why this 

is important and how this is being done. It sets out to explore what is 

happening and to offer reasons as to why this is so: how is the construct 

defined and, in relation to this, how valid the assessment actually is, and if 

possible, to explain the reasons why. Therefore I believe the main purpose 

of my study to be to explore or investigate little understood phenomena or 

behaviours and discover the important underlying patterns, themes, and 

factors irhicli affect them (Falkner et al, 1993, p. 17). I consider this 

necessary because the issues explored in my study are I believe, rarely 

investigated and little understood, a view supported by the lack of similar 

studies with which to compare my own. 

In order to address these issues I decided that I should carry out the research 

at the Royal School of Military Engineering (RSME). This lead to the 

selection of the case study as the appropriate form for the research. The 

decision to undertake the research at one institution, the RSME, does not in 

itself define the case to be studied. What is needed now is to define the unit 

of analysis the definition of which is generally seen as being related to the 

way in which the initial research questions have been defined (Yin, 1994). 

The unit of analysis can be defined in one of two ways, as the establishment 

or as the engineering courses. As this is a military establishment, the course 

lecturing staff are a mix of military and civilian personnel, there is a strict 

hierarchy, a code of discipline, and all the students are Royal Engineers who 

have undergone an intensive selection procedure. Thus the culture of the 

establishment is clearly different to that of a civilian college. However its 

aim is arguably the same as the civilian colleges, i.e. to produce HND level 
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engineers who can perform competently in the workplace. The courses are 

designed to produce a military engineer. They are designed and 

administered by the military. The teaching and learning environment and 

the process of assessment are thus embedded within the culture of the 

establishment. This is the fundamental difference between the courses in my 

study and those carried out at a civilian establishment. The fact that the 

courses lead to the civilian qualification, the BTEC HND, means that the 

assessment process should parallel, or be equivalent to, that of civilian 

colleges. The range of assessment methods used i.e. written examinations, 

projects, presentations, laboratory and homework assignments, is not 

influenced culturally however this cannot be said of the style, content and 

process of assessment. The specific purpose of the assessment of the 

students is to measure their ability to perform as military engineers, their 

competence, and this is what it is designed to do. Whereas, within a civilian 

establishment the purpose is likely to be generalized, i.e. it would not relate 

to a specific working, or cultural, group. 

My study explores issues of the assessment of engineering competence and 

its validity within a military culture. In the previous chapter I discussed the 

theoretical development of the construct, engineering competence, how it 

should bc assessed, and that construct validity should be sought. In order to 

look at these issues in practice, the focus must be on a military engineering 

course or courses that enables access to the assessment used, the lecturers 

who design, administer and mark them, the students, and the course 

sponsors, i.e. BTEC and the Army. The unit of analysis is thus defined as 

the BTEC HND Clerks of Works courses in building services engineering 

that are managed by the Electrical and Mechanical Branch at the RSME. 

The courses are designed to satisfy two criteria, to award students the BTEC 

HND and to certify them competent to carry out the duties of a Military 

Clerk of Works. There are two streams that will be researched, the electrical 

and the mechanical. They were chosen because they parallel each other in 

all respects, with the only difference being the subject content of the 

engineering modules, i.e. electrical or mechanical. 
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Criteria for Assessment of Research - Reliability, Validity 

and Relevance 

There are three criteria against which my research should be critically 

evaluated. These are reliability, validity and relevance (Faulkner et al, 1993; 

Bird & Hammersley, 1996). In order to give credibility to my research it is 

necessary first to explore what is meant by these criteria and then to show 

how they were dealt with in my study. 

A study would be considered to be reliable if it could be argued that if it 

were rcpcatcd the results could confidently be predicted to be the same. For 

reliabilit!. to be present the research findings should be similar if the 

research \\as repeated on the same people, or different people from the same 

L croup. ai a different time either by myself or by others. In my study, due to 

the naturc of the military environment where military personnel change 

evcry tuo ycars or so, different lecturers holding the same post were 

intcrvicn ed. Different student groups were surveyed and also interviewed, 

and thcrcforc it could be argued that some reliability exists already as the 

responses were indeed similar. The issue of reliability of the methods of 

data collcction. i.e. the questionnaires and interviews, is also important. The 

student questionnaires were piloted and the responses were reviewed in 

order to reduce ambiguity in the questions and hence to make the answers 

more reliable and. indeed, valid. Compiling and using the questionnaires 

proved to bc a difficult process and this is discussed later, however I would 

expect the data collected to be very similar if future student groups were 

sumeyed using these questionnaires. 

With regard to the intenieivs tlie issue is not quite so clear. As my study 

explored the lecturers’ vicws and practice, it was evident that the interview 

process generated new thoughts and ideas about the methods of assessment 

used, how they were marked, and what was actually being assessed. Issues 

such as what performance criteria were being assessed and what were the 

most appropriate methods to do this were discussed at length with the 

lecturers. It  became evident when the lecturers were interviewed for a 

second or third time their views, and in some cases practice, were changmg 
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because they had reflected on the discussion f?om a previous interview. If 

this is so, would the data collected be similar if collected in, say, two years 

time? Due to the nature of the issues being explored and the fact that all four 

military lecturers changed post at least once during the course of my study I 

believe the answer to this question would be a definite affirmative. 

Validity in this context implies truth and there are many underlying 

questions that this notion of truth brings with it (Bird & Hammersley, 1996). 

It is not the intention here to enter into a philosophical debate about the 

nature of truth but to discuss in what ways my study can be recognized as 

being valid. There are three main features upon which the validity of 

qualitative research usually rests: unobtrusive measures; respondent 

validation; and triangulation. As a senior lecturer at the RSME I already 

knew a considerable amount about its methods and practices and I made 

every effort to maintain an analytical distance thus rendering the situation 

anthropologically strange (Open University, 1994). However, although I 

tried to limit the influence my research was having on the existing situation, 

this proved to be difficult. There were a number of instances where, as a 

result of interviewing lecturing staff and allowing respondents to read the 

transcripts and the results of the initial study, processes and practices were 

subsequently reviewed and modified. However, feedback from the 

respondents showed that they felt that a true picture was being presented in 

my study. In terms of triangulation, I believe this is evident from both the 

means of collecting the data, i.e. interviews, questionnaires, observations, 

and documentary analysis, and from the sources of the data i.e. the lecturers, 

the students, the BTEC moderator and the documents. 

Finally. to be of value the research findings must be relevant as well as 

valid. The results of the study must be of significance to the intended 

audience. In my study this audience consists of a number of different 

groups. The first is the participants of the study and in particular the 

lecturing staff. I have no doubt that this study was of extreme interest and 

relevance to them. It offered them a review of the structure, content and 

assessment strategy for their courses and encouraged them to discuss and 

reflect on their own practice, they became reflective practitioners. Next 
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there is the Army and BTEC. They are concerned with two issues, that the 

course content meets their requirements and that the assessment strategy 

ensures the courses produce competent military engineers, at HND standard. 

My study will also be of relevance to a wider audience of educational 

practitioners and specifically those involved in the training of professions 

such as engineering, where assessing competence is critical. The reason for 

this is that I believe that my research contributes to the understanding of the 

assessment of competence and of how issues of validity of assessment can 

be identified and explored, particularly in terms of the unitary concept. 

The issue of Generalisation 

Although validity of engineering assessment should be an issue of concern 

for all institutions of further and higher education, it would be an impossible 

task for the research to encompass all such institutions. Feasibly, a small 

number of institutions could have been chosen, the Royal Electrical & 

Mechanical Engineers, the Royal Air Force and the Royal Navy all conduct 

siniilar training, but the nature of my research lends itself to investigation 

within a single institution. It does not. at this point, involve the relationships 

between either similar military or civilian establishments. However, the 

expectation is that the assessnicnt used by these institutions, and the types of 

validity they would expect to be present, are mirrored by those of a single 

institution such as the Royal School of Military Engineering. This raises the 

issue of generalisation. which is seen as a problem with qualitative case 

study work (Scholield, 1993). 

Schofield (1993) argues that thc view of generalisation, shared by many 

qualitative researchcrs [hc quotes Cuba & Lincoln (1981, 1982); Geotz & 

Le Compte (1984); and Stake (1978)] involves a number of areas of 

consensus. Onc area is that generalisability, producing laws that apply 

universally, is not a useful goal or standard for qualitative research. 

However, the idea that studies in one situation can be used to speak to, or 

help to form a judgement about, other situations is not totally rejected by 

qualitative researchers. This depends on the descriptions of the site being 

studied and those situations to which generalisation is to be made. These are 
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crucial in allowing the search for similarities and differences between the 

situations. Analysis of these similarities and differences thus makes it 

possible to make reasoned judgements about the extent to which the 

findings from one study can be used as a working hypothesis about what 

might occur in another situation. This can be best thought of as the fit 

between the study and other situations in which the concepts and 

conclusions could be applied. Schofield also argues that studying a situation 

with special characteristics, such as in my study, does not necessarily 

restrict the application of the findings to other similar situations. This 

depends on how the findings are linked to the special characteristics, how 

deeply are they embedded. 

I will show that my study does cover issues and develop concepts that can 

be applied to other situations. There are similarities that can be identified 

between the RSME and other institutions and it is my belief that these result 

in a good fit.  This belief comes from my experience in secondary education 

and from working as an engineering officer in the Royal Air Force, in 

industry as an engineering manager, and with the Royal Engineers and the 

Royal Electrical & Mechanical Engineers as an educator. By exploring the 

issue of competence, assessment and validity at the RSME I will show that 

this does supply valuable information about these concepts that could be 

used in the theory and practice of education generally. 

Methods 

The Ethical and Ethnological Issues 

The ethical issues were really concerned with how I would deal with the 

effect of my study on the people involved. I set out to make it clear to all the 

lecturers that my intention was not to pass judgement on their processes or 

practice but was to explore what they were actually doing, how the process 

of assessment was carried out. I also made it clear to all the participants that 

they would not be personally identified in any publication of my work and 

every attempt would be made to ensure their anonymity. However, in the 

case of the Senior Military Lecturers I pointed out that it was likely that 
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with a little effort they might be identifiable. As part of the interview 

process I asked for the interviewees’ permission to tape the interviews, 

which was agreed in all cases. I made sure that everyone was given access 

to the taped recording of their interviews and access to any written material 

I produced for publication. I discussed any inclusion with those concerned, 

especially the Senior Military Lecturers. I also gave all participants the 

option to withdraw from my study if they felt, for any reason, this was 

necessary. The same principles applied to the students and the BTEC 

moderator. None of the participants felt there were any problems with these 

issues and hence none felt it necessary to withdraw from my study. To 

ensure the points were clearly expressed, everyone that participated was 

given an ethical statement to read, and keep as a record, prior to their 

participation. A copy of the statement for staff and students is included as 

Appendix A. 

The ethnological issues were important because my study took place at a 

military establishment. The first issue concerned obtaining permission to 

carry out the study as it was likely that some of the material I would be 

dealing with would have some restriction, such as management in 

confidence, placed upon it. I wrote to the Commanding Officer at the 

beginning of my study outlining its nature and purpose and seeking 

permission to undertake the research. My request was supported and 

permission was duly granted. The second issue was concerned with the 

distinct hierarchical nature of military establishments and the degree of rank 

consciousness that permeates such a culture. As a civilian Senior Lecturer I 

held an equivalent officer rank and all those 1 interviewed, both military and 

civilian, were therefore subordinate to me in rank but 1 was not part of their 

line management chain. As with the ethical issues above, I was concerned 

that everyone understood the nature and purpose of my research and did not 

feel in any way that they were being subjected to performance assessment. I 

needed to ensure that the interviews were not seen as interrogation but that 

they were open and relaxed such that the interviewees could freely express 

their views. I feel confident that this was achieved. 
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I tried very hard to ensure I remained anthropologically strange, as 

mentioned earlier, and throughout the process of conducting the research I 

made every effort to ensure I did not bias any of the information presented 

to me. It was clear that my study did impact on the processes and practice 

employed by the lecturers but I would argue that this occurred as an indirect 

result of the study and not from any direct, intended influence on my part. I 

was carrying out a process of which, in my opinion, reflective practice was 

an unavoidable consequence and what I tried to do was to note any changes 

as m y  study progressed. 

Collecting the Data 

I \\ill no\\ focus on how I collected the data. The data were collected in four 

ways. from: documentary analysis; interviews; questionnaires; and 

obscnation. I identified five groups of participants that were concerned 

with rlic ruching, learning and assessment of the students. These were the 

mechanical engineering lecturers, the electrical engineering lecturers, the 

sciencc and computer lecturers, the students and the BTEC moderator. 

The tlociorreriu used in my study came from BTEC, the Army and internally 

from thc RSIME. As the courses were designed to train military engineers 

and also carry the award of the BTEC HND they should incorporate both 

the Arniy training requirements and those of BTEC. Thus data came from 

docunicntary sources in the form of Army Training Organisation pamphlets 

and BTEC guidelines. The former was produced by the Army Training 

Organisation to be used throughout the Army and give the general 

guidelines on training. They were designed to cover the setting of course 

training objcctives. course design, testing and recording of results. The 

BTEC publications cover all aspects of course design and assessment. 

Through the process of documentary analysis described later, I will show 

how they each defined the concept of validity and how they expected it to be 

incorporated in the assessment process. 

The assessment of the foundation phase, the electrical, and the mechanical 

subject modules was comprised of homework assignments, laboratories, 
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presentations, examinations, and design projects. It is from these assessment 

documents and the associated interviews with the lecturers that the key 

question of what is actually being assessed will be answered. This will also 

result in an exploration of the use of the lecturers' expert knowledge in 

making judgements on what is assessed. I will also show what knowledge, 

skills, and abilities were being assessed formally or informally within the 

process. The data from the students showing what they believed was being 

assessed will add substance and support to this argument. A secondary data 

source used in the study was the Review of Royal Engineers' Clerh of 

Works Eniploynient and Training (TDT, 1999). This document contained 

the results of a survey of over 80% of all Clerks of Works (240 excluding 

current students), most of their Commanding Officers and of interviews 

with a cross section of both populations. This document provides a source of 

data on how the courses are perceived to have prepared the Clerk of Works 

engineers for their role in the Field Army. 

Inren%ts were carried out with participants and were semi-structured. 

These are the most favoured by educational researchers as this type allows 

respondents to express themselves at some length but offers enough shape to 

prevent aimless rambling (Wragg, 1994). This, and the intended open-ended 

nature of the questions, allowed for the exploration of themes during the 

interview whilst still maintaining a basic structure. A short extract from an 

interview with one of the military lecturers (ML8) is shown at Appendix B. 

In collecting data via the interview process I was exploring the issues and 

seeking explanations for what I was discovering as the study progressed. I 

was carrying out a process of progressive focusing. For example the 

interview at Appendix B was followed by a second interview with this 

lecturer that developed some of the issues discussed in the first. 

The mechanical and the electrical engineering lecturing staff consisted of a 

Senior Military Lecturer, a military Lecturer, a civilian Senior Lecturer and 

a civilian Lecturer for both subject areas. The civilian Senior Lecturer and 

lecturing staff from other departments input into the teaching of the courses 

but they played relatively minor roles in the delivery and assessment of the 

courses. The Senior Military Lecturer was the Course Director and together 
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with the military and civilian lecturers, designed and administered the 

courses. These were the key staff in that they set the course curriculum, 

teach and assess all the modules in the engineering phase of the courses. In 

theory this meant that three electrical and three mechanical lecturers would 

be interviewed at least once. However because of the posting of some of the 

military personnel during the duration of my study, there were in fact nine 

staff interviewed, five of which were interviewed twice. The interviews of 

these staff were designated Ll - L14. In Chapter 5 I will make it clear when 

I quote from the interviews whether the lecturer was military (ML) or 

civilian (CL). 

The science and computer lecturers were responsible for teaching the 

foundation modules for both the electrical and the mechanical courses. This 

covered the mathematics, science and basic computing skills which were 

taught in the first few months of each course with the aim of bringing all the 

students to the required level of knowledge and understanding in these 

subject arcas. The knowledge base of this phase consisted of the traditional 

subject matter of mathematics and science. I felt i t  was important to get this 

data as the view that the students require a good level of understanding in 

the principles of mathematics and science was evident from my review of 

the literature. Two civilian lecturers and one military lecturer were 

interviewed from the Science Br Computer Department, two were 

inteniewed tlvice and their interviews were designated CL15-CL17, ML18 

and ML19. They were all involved in the delivery of the mathematics and 

science foundation modules, and the higher mathematics module to both the 

electrical and the mechanical courses. 

In order to gain the vie\vs of the stirderrts 1 decided to issue two 

questionnaires to thcni. one at the end of the foundation phase and one at the 

end of the course. Since each course runs for two years, this resulted in a 

running programme from January 1997 until February 2000. The Initial 

Qiresliomiaire f was designed to collect data on the students perceptions, 

the purpose and appropriateness of the assessment and whether it measured 

their potential to perform well as engineers, after they had completed the 

foundation phase of their course and were a few months into the engineering 
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phase. The End of Course Questionnaire 2 was designed to re-visit some of 

the earlier questions but with the emphasis on the final project. This allowed 

for the student perceptions to be re-assessed at this point, prior to them 

going out on attachments to civilian industry. The design of the 

questionnaires presented some problems highlighted by the realisation that 

the effective use of questionnaires does indeed demand a clear 

understanding of the overall research context (Youngman, 1994, p. 248). A 

copy of each questionnaire is included at Appendix C and D. In order to 

explore the responses from the questionnaires I carried out four student 

interviews following the return of the end of course questionnaires. These 

were semi-structured interviews, designated S1 - S4 and a general interview 

schedule is included at Appendix E. I decided that the questionnaires would 

capture the views of the students at two points on the course and this, 

coupled with a small number of confirmatory interviews, would give me 

sufficient data in this area. I felt that the task of interviewing all students 

twice would have proved too immense and time was an issue for both 

myself and for the students. 

Of the two interviews with the BTECModerator one occurred very early on 

in the initial study and the other towards the end of my study. They were 

designated as interviews B1 and B2. The visits of the moderator were 

governed by the need to have the students’ work moderated and therefore 

the timing of these interviews was outside of my control. As a result of these 

visits he submits a report to BTEC and to the Army, via the Senior Military 

Lecturer, containing his findings and I obtained copies of the reports from 

May 1996 up to March 2000. This data supported that collected from the 

interviews with the BTEC moderator and was collected to explore the 

curriculum and assessment issue from the BTEC perspective. 

As well as the interviews, a number of observations took place. The first of 

these was a meeting between the mechanical and electrical staff to discuss 

the way each course was taught and assessed. The purpose of this meeting 

was to discuss any differences in approach to assessment and grading of 

students and thus to develop commonality between the two subject areas. 

This meeting occurred approximately mid-way through my study and it was 
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admitted to me that it was set up as a direct result of my discussions with the 

staff. The second observation was the student presentations to the 

mechanical lecturers as part of the final project. The aim here was to 

observe how the staff discussed and marked these presentations, what was 

being measured and how this was being assessed e.g. were any personal 

qualities being assessed and if so what and how? 

During the earlier interviews it was stated that meetings of the assessment 

teams concerned with the grading of the final projects, i.e. the three key 

staff, took place towards the end of the courses. It was suggested that both 

the electrical and the mechanical departments held these meetings. Having 

attempted to observe these meetings it transpired that in reality they did not 

occur. The new electrical Senior Military Lecturer decided he alone had 

responsibility for grading the final projects and the mechanical lecturers 

discussed it informally amongst themselves. This was unfortunate as I felt 

that had I been able to observe the meetings implicit criteria may have been 

voiced that would not necessarily come out during interviews. In an attempt 

to replace the data I would have obtained, I set up an interview (ML20) with 

the two mechanical military lecturers to discuss how they had amved at the 

final marks they awarded for the final projects. This was a retrospective 

reconstruction of some of the discussion that might have taken place. 

Analysing the Data 

As my study progressed so the amount of data increased exponentially and 

this presented me with the need to identify the best way to analyse it. I first 

considered the two ways I could have analysed my data to be by deductive 

content analysis or grounded theory arising from inductive content analysis 

(Easterby-Smith ei 01, 1994). The former is a method that involves analysis 

by number and frequency whereas in the latter the researcher goes more by 

feel, by intuition, producing themes and patterns from the data that can be 

used as the basis for interpretation. Predictive theories and a deductive 

approach may then be developed from this form of analysis (Bird & 

Hammersley, 1996). The differences between these two methods are 

represented clearly in Table 4.1. 
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I CONTENT ANALYSIS I GROUNDED THEORY 

Bitty 

Go by frequency 

Objective 

Deductive 

Testing Hypotheses 

Holistic 

Go by feel 

Closer to the data, open much longer 

Inductive 

Testing out themes, developing 

patterns 

Having looked at these two methods, the use of either method on its own 

would not suffice. I had identified a number of research questions and thus 

established what I believed were the themes and the hypothesis I wanted to 

explore so this made the use of grounded theory less appropriate. However, 

some of the data generated for example from the interviews and 

observations did lend itself to the inductive approach. I considered the 

implications of using an intuitive approach to data analysis in terms of the 

nature of the organisation and people my study was directly relevant to, i.e. 

the Army. There is evidence that qualitative studies are often seen as being 

impressionistic, subjective, biased, idiosyncratic and lacking in precision 

(Bird and Hammersley, 1996, p. 101). Quantifying qualitative data, turning 

it into numbers, is a way to combat this perception as numbers have a 

seductive air and sometimes, thinking politically of the acceptability of their 

findings, they [researchers] gear their data to quantitative statements 

(Easterby-Smith et al, 1994, p. 344). These were issues that I had to be 

aware of and within the military culture there is no doubting that the use of 

numbers that would be more appealing to senior military officers and other 

military personnel involved in the study. Although I felt I still needed to 

maintain a feel for the data and to present a holistic view, a more deductive 

approach began to evolve as my study progressed. Contributing factors to 

the development of this approach were the military culture within which my 

study was embedded, the strictures of the Army Training Organisation and 

BTEC, and the nature of some of the data generated. 
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I identified my three sources of data as being documents, interview 

transcripts and questionnaires. In terms of the documents, there were two 

distinct types, those that were suited to interpretive analysis and those that 

were suited to simple numerical analysis. For the first type, e.g. the Army 

Training Organisation, the BTEC and the TDT documents, I decided to 

follow what Faulkner et al (1993) describe as the most common method, 

based on grounded theory. This was to read the documents and note down 

points of interest, teasing out the themes, patterns and categories but with 

the process being guided by the research questions. There are two distinct 

strands to this form of data analysis and these relate to the issue of the 

content of the document and any comment or interpretations that occur to 

the researcher about the content, or possibly the lack of it. The second type 

were those that were part of the actual assessment process, e.g. course 

assessment programmes and assessment methods. These documents were 

analysed using simple numerical techniques, frequency counts and 

percentages, because this was seen as the appropriate method in relation to 

exploring how the content of these documents helped to define the construct 

and establish the predictive nature of the assessment. 

In terms of data from the interviews, I decided to identify basic categories 

starting with who the interviews were with e.g. science & computer 

lecturers, electrical lecturers, mechanical lecturers, students, the BTEC 

moderator. Then I identified sub-categories from my research questions e.g. 

validity, BTEC specifications, Army training objectives, the assessment 

process, judgements being made, views of knowledge, skills, attitudes and 

abilities. This enabled me to check the validity of my categories by 

comparing data from the different sources i.e. through triangulation. The 

data generated from the interviews was analysed using an interpretive 

approach. 

The student questionnaires generated data in response to the questions that 

were divided into two categories, numerical responses and additional 

comments. The data gave an indication of the students’ views on the course 

assessment process i.e. their perception of what they thought was assessed, 

how this was being done, and how well it predicted hture performance. 
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Although there was an insufficient number of students, due to the size and 

duration of the courses, to carry out any sophisticated statistical analysis on 

student responses I felt there were sufficient numbers to look at frequency of 

responses and to use simple percentages. I also used an interpretive method 

similar to that of Miles and Huberman (1984) adopting the idea of a matrix 

developed from the questions used in the student questionnaires and linked 

to themes emerging from data generated from the interviews with the 

lecturers. The questionnaires were focused on gathering the students’ views 

in the categories that came from the research questions and this analytical 

process identified the common views that were qualified by reference to the 

student interviews. The data, analysed in this way, gave me other evidence 

in relation to the lecturers’ views on the assessment process. 

Throughout the process of data analysis I was conscious of the need to 

follow a systematic approach to provide rigour for the academic and 

military assessment of my study without losing sight of the intuitive nature 

of qualitative research and analysis, the feel for what I was doing. My 

intention was to make the whole process as valid and reliable as possible 

and to find the right balance between rigour and intuition, hut as has been 

discussed, as the study progressed intuition and interpretation began to give 

way to a more deductive approach in analysing the data. 
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CHAPTER 5 

Presentation and Analysis of the Data 

Introduction 

My study was a case study carried out to evaluate the validity of the 

assessment of military engineering competence that focuses on the Clerk of 

Works courses delivered at the RSME. The process this chapter follows 

begins by discussing how the Army, in the form of the Army Training 

Organisation, BTEC and the lecturers deal with validity as a concept. In a 

similar manner, the next section deals with how the construct, military 

engineering competence, is defined in terms of the Army training objectives, 

the BTEC units, and the role of the lecturers in dealing with the Army and 

BTEC methodologies. What will emerge from these two sections will be the 

concept of validity explicitly designed into the assessment and a definition 

of the domains that are considered to define the construct. The next part of 

this chapter will focus on the assessment process i.e. the methods used and 

the use of the lecturers’ judgement in assessing the students. The evidence 

collected will be used to measure the validity of the assessment against the 

theoretical criteria I described on page 26. These criteria were based on the 

unitary concept of validity and should deal with whatever type of validity is 

considered by the lecturers to be designed explicitly into the assessment. I 

will need to present other evidence ahout the assessment in order to ensure 

triangulation occurs. The other evidence will come from the students, 

serving Clerk of Works engineers and their employing officers. Throughout 

the presentation and analysis of the data reference, where appropriate, will 

be made to my research questions and the discussion of the literature 

presented in Chapter 3. 

Conceptions of Validity 

My first set of research questions were concerned with establishing the 

source of the validity of the assessment and the importance given by the 
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stakeholders of the need to state explicitly the form of validity required. My 

first task is to establish how the stakeholders in my study defined the 

validity of assessment and my second task is to explore what explanation or 

guidance was given on how to ensure this validity was present. In order to 

establish the source of the validity of the course assessment I need to look at 

how the lecturers referred to the BTEC and Army literature on designing 

valid assessment. I will then be able to state the source of the validity of the 

assessment and what form of validity is expected to be present in the 

assessment. I will begin with an evaluation of the BTEC publications 

followed by an evaluation of the Army Training Organisation publications. 

BTEC (1986a) referred to validity, reliability and utility as characteristics of 

good assessment and it was stated that appropriate attention must be paid to 

reliability and utility, but validity had ovemding importance. Validity of 

assessment was defined by BTEC as 

the extent to which it [the assessment] serves its purpose. 

For example, in assessing problem-solving skills, an item 

that requires students to solve problems will be valid, 

whereas an item that requires only recall of information 

will not. A valid assessment will therefore employ 

methods - and accord them relative importance - that 

reflect the aims and objectives of courses and units. 

(BTEC, 1986a, p. 2). 

This was the only explanation of validity contained in the publication. It 

implied that the purpose of the assessment and the way in which it met the 

purpose must be appropriate to the aims and objectives of the course. The 

problem-solving example quoted indicated that BTEC were aware of the 

need for the assessment to measure the relevant performance criteria in 

order to be valid and that simple recall of information to solve a problem did 

not define problem-solving sufficiently as a domain. Although not stated 

explicitly BTEC appear to be recognizing the problem of domain 

specification. There is also the implication that different methods of 
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assessment must be used and that the choice of methods is dependant on the 

aims and objectives of the courses. 

The BTEC moderator (Bl) considered the assessments to be valid if the link 

between the course content and the course assessment was present and well 

established. It was confirmed that he considered that the course content 

reflected the aims and objectives for the courses. He felt that course teams 

had been set up to match course content to the course assessment and to 

decide on the type of assessment that should be used and it was the 

responsibility of the team to ensure the link between content and assessment 

existed. As far as he was concerned the lecturers were the experts and he 

considered their judgement to be sound (B2). In terms of methods, he listed 

the types of assessment contained in the BTEC assessment and grading 

publication (1986a): case studies; practical exercises; oral, aural and visual 

processes and presentation; role-play; and long and short answer questions. 

He stated that his initial concern over the predominant use of pen and paper 

examinations had been overcome through the use of more of the above 

methods and he was now satisfied with the variety of assessment methods 

used during the courses. He was concerned with the look of the assessment, 

that it looked right to experts in the field and therefore had face validity 

(B2). 

Short definitions of reliability and utility were also given by BTEC (1986a). 

The definition of reliability matched the general view found in the literature. 

In terms of the relationship between validity, reliability, and utility, it was 

stated that appropriate attention must be paid to reliability and utility, but 

validity has overriding importance (ibid, p. 2). The only other BTEC 

guidelines given were concerned with how to optimize validity and 

reliability. To achieve this, they stated that sampling of student performance 

should recur over a period of time, in a variety of contexts, and through a 

range of methods (ibid, p. 2). The range of assessment methods was the 

same as those listed above. It was later stated that the extent of the sampling 

should be adequate, not excessive, and that the teaching and leaming 

strategies were reinforced, not distorted, by the assessment strategy (BTEC, 

1986a). This is hinting at the possible problem of teaching to the test. 
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However, it was unclear whether adequate sampling was seen by BTEC as 

dealing with the problems associated with domain specification, reliability, 

or both. The BTEC moderator (Bl) stated he was concerned with the issue 

of reliability. What was clear was that reinforcement of integration, bringing 

together knowledge and skills from different parts of the course (BTEC, 

1986c), was stated as a requirement to be addressed in three ways: 

1) Across objectives in units, particularly in end-of- 

unit assessments; 

2) Between units in a course, e.g. through 

assignments that bridge units; 

Between the course and the job, e.g. through work- 

based assignments. 
3) 

(BTEC, 1986a, p. 5) 

Although the BTEC publications did not state directly that project-based 

assessment would be the best fit they did see carefully designed projects as 

assessing across both objectives and units, and that they could be work- 

based. BTEC ensured the use of project-based assessment on the courses by 

their requirement for the completion of the Integrated Project Unit. 

All the relevant BTEC publications were held in both the electrical and 

mechanical lecturers' offices. Although all the lecturers interviewed said 

they were aware of the publications, the only two that were familiar with 

some of the content were the two lecturers responsible for dealing with the 

BTEC requirements for accreditation of the courses in terms of the award of 

the HND. None were able to discuss the content of the Assessment and 

Grading General Guidelines (BTEC, 1986a) and therefore there was no 

evidence that their views of validity were influenced by the guidance given 

by BTEC. 

The Army Training Organisation (1995) gave definitions of what they 

called fundamental terms and concepts that included validity. They defined 

a valid assessment as one which measures what it is supposed to measure 

(Army Training Organisation, 1995, p. 3). The implication was that the 

assessment should be designed specifically to measure the training 
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objective, and hence the construct, hut this was not stated explicitly. Ideally, 

the assessment should he designed by the Training Design Team (TDT) as 

an independent body, guided and advised by the lecturers, however in 

particular cases where specialist knowledge was required the assessment 

could be designed and administered by the lecturers with only minor input 

from TDT. The Training Design Team at the RSME considered the Clerk of 

Works courses required specialist knowledge and the lecturers were left to 

use their judgement to design and administer the assessment. 

The Army Training Organisation (1995) stated that validity had three 

components: reliability; relevance; and range. Reliability was defined in 

similar terms to BTEC but the definition ended with the statement that it 

was possible for a test to be reliable without being valid, but a valid test 

cannot be unreliable (ibid, p. 3 ) .  Although not the hest phraseology, this 

statement was the justification for including reliability as a component of 

validity. I agree with the BTEC view that reliability is an individual concept 

that has a relationship with validity and this is supported by reference to 

reliability and validity in the assessment literature discussed on page 14. 

Relevance was defined by a valid assessment measuring only learning 

which ispertinent to thepurpose of the test (ibid, p. 4). It was stated that the 

test must not direct the students to carry out irrelevant performances nor 

should this be allowed to affect the scoring and the example given was the 

awarding of marks for writing style when only factual knowledge was being 

assessed. This did indicate that there was recognition of the threat from 

construct irrelevant variance and that effort should he made to deal with it. 

The term face validity was introduced here and was linked to the carrying 

out of irrelevant performances and defined as an assessment appearing to 

measure what it is supposed to measure (ibid, p. 4). 

The third component of the Army Training Organisation definition was 

covered by the suggested requirement for assessing the full range of 

expected learning. It was recognized within the document that, in practice, it 

would rarely he possible to assess each element. To overcome this, it was 

suggested that some form of random sampling take place. Sampling was 
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seen to be the measuring of representative parts of the relevant behaviour 

and it would be a random sample if each element of learning stood an equal 

chance of appearing in the assessment. At first glance it appeared that this 

component was an attempt to overcome construct under-representation but 

for this to be so, great care would have to be taken when considering the 

randomness of the sample as it must include the important dimensions of the 

construct. The difference between this random sampling and the sampling 

discussed by BTEC was that the Army publications did not suggest 

explicitly the use of different methods of assessment. 

All the lecturers interviewed were aware of the training and publications 

available but only three had attended a training course and none were 

conversant with the Army publications on assessment and validity. The only 

compulsory training for any lecturer was attendance at a Basic Lecturers 

course that focused on presentational skills. Unless lecturers attended the 

Testing and Testing Techniques course, or studied the associated pamphlet, 

they would not be familiar with the Army guidelines. As none of the 

lecturers had attended the course or had the pamphlet and could not discuss 

the concepts at interview, the evidence shows that they were not familiar 

with the guidelines. 

Guidance was available from both BTEC and the Army Training 

Organisation on the validity of assessment. They both attempted to define 

validity and as a result they gave standard statements but not any explicit 

guidance on the need for construct validity. In fact the only reference to any 

specific type of validity was the Army Training Organisation’s reference to 

face validity. They both indicated that sampling of student performance 

should occur, implying an awareness of the need to assess a representative 

sample of the construct i.e. to avoid construct under-representation. 

However in view of the discussion on conceptions of validity on pages 15 - 

27, the guidance given by BTEC and the Army Training Organisation was 

limited. This presents two possible inferences. The first is that both BTEC 

and the Army Training Organisation considered the curriculum was 

designed, administered, and assessed in such a way as to lead to construct 

validity naturally being present. This would stem from a belief that the 
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lecturers based their lectures and assessment around the construct defined 

from either the job analysis via the training objectives, the BTEC unit 

specifications or a combination of both. Neither the BTEC nor the Army 

guidelines were written specifically for these courses and it would appear 

implicit in BTEC and Army thinking that validity will be present by virtue 

of the nature of the judgement of those designing and administering the 

curriculum and its assessment. This appears acceptable if based on the 

assumption that BTEC and the Army Training Organisation view the system 

within which the assessors operate as ensuring any judgements made would 

fall in line with the prescribed policy. The comments from the BTEC 

moderator discussed earlier show he supported this assumption. The second 

alternative inference is that the authors of BTEC and the Army Training 

Organisation publications on assessment had a limited understanding of the 

theory of the validity of assessment. This may well be the caSe based on the 

earlier discussion of available texts on the assessment practice on page 18 

that showed issues of validity were dealt with somewhat summarily. 

However I decided that researching the second inference would not add 

anything of further relevance to my study. 

Analysis of the data from the interviews revealed that none of the lecturers 

referred to or had detailed knowledge of either the BTEC or the Army 

guidance in relation to the validity of assessment. The lecturers did not refer 

to any of the types of validity described in Chapter 3. The lecturers’ view 

was that the assessment of the course was valid because the graduates of the 

course could do the job of a Clerk of Works engineer. 

“The reputation of the end product [the Clerk of Works 

engineer] is extremely high.” (ML2) 

“Experience has proven that a student that completes the 

course satisfactorily will generally prove to be a very good 

Clerk of Works.” (CL10) 

“I think that anybody that gets through [the course] is 

more than capable of doing what the Army wants.” (ML8) 
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There was no evidence that the process of assessment design had been 

conceived in a way that was likely systematically to encourage the 

development of valid assessment instruments. BTEC, the Army Training 

Organisation and the lecturers cannot be defined, therefore, as an explicit 

source of the validity of the assessment. There is no evidence of an explicit 

intention by any of the three to ensure the validity of the assessment. 

However I can still evaluate the validity of the assessment to encompass the 

Army Training Organisation and BTEC definitions of validity and the 

claims made by the lecturers about the assessment. To do this, I will need to 

explore the nature of the assessment process inherent in the culture of the 

organisation and the role of the lecturers as an implicit source of validity of 

the assessment. I recognize that the lecturers' claim is about occupational 

performance and the circumstances of my study present an ideal arena in 

which to conduct a longitudinal study of occupational success, such as the 

Royal Naval study conducted by Gardner and Williams (1973). This was 

beyond the scope of my own study. My study must progress by exploring 

the implicit nature of the validity of the assessment. This exploration will 

involve analysing the assessment methods and the application of these 

methods in terms of my adopted perspective on the validity of assessment, 

the unitary concept, and the theoretical criteria against which I intend to 

measure the validity of the assessment. It will be by using the theoretical 

criteria based on Messick's (1989) unitary concept that I will be able to 

conduct an evaluation of the validity of the assessment that encompasses 

both my own perspective and the claim and definitions discussed above. As 

construct validity is the unifying theme of the unitary concept I will need to 

begin by establishing how the construct, engineering competence, is being 

defined by BTEC, the Army, and the lecturers. 

Defining the Construct - Military Engineering Competence 

The aim of the course is to produce a competent military engineer with a 

BTEC HND so I must look at how both the Army and BTEC define what is 

to be taught and assessed, i.e. the construct. A key element in defining the 

construct is the role played by the lecturers in delivering and assessing the 
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construct. I will show how the lecturers are involved in deciding what 

should be taught and assessed. 

The Army System 

The Army has adopted the method of determining training requirements 

described as the Systems Approach to Training (SAT). This system was 

based on a detailed analysis of the requirements of the job for which the 

trainee would become qualified on completion of the course. The job 

analysis process enabled all aspects of the job to be described in 

considerable detail, and emphasized the range of tasks to be performed and 

the standard required. The Army pamphlet No. 3 stated: 

It has been traditional to specify the training needed for a 

job in terms of a syllabus, a list of subject areas to be 

covered on a course. Experience has shown that it is much 

more valuable to state the training requirement in terms of 

behaviour rather than of knowledge, specifying first what 

the soldier must be able to do, rather than what he must 

know. (Army Training Organisation, 1993, p. 1-2) 

The job analysis produced training objectives defined as statements that 

should specify exactly what a trainee had to be able to do, in each separate 

area of his job, to demonstrate that he had reached the proficiency necessary 

to proceed from training to work in a Field Army Unit. Training objectives 

were defined in terms of describing a human performance, involving a 

physical action, a mental process or a combination of both. The pamphlet 

stated that if training objectives were unambiguously stated in performance 

terms then all concerned in the learning process would know exactly what 

was expected of the student in the final assessment (Army Training 

Organisation, 1993). There was recognition by the Army Training 

Organisation of the need for clarity and transparency in terms of the domain 

specification. It was stated that the process was designed in this way in the 

belief that this ensured that the course content was relevant and complete, 

and so that the lecturers did not have the responsibility for deciding what to 
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teach. This is an interesting point as the lecturers were officially being given 

some leeway in deciding what and how to assess but not on what to teach. If 

the behavioural domain was specified clearly and unambiguously and it was 

clear to everyone exactly what should be assessed then the lecturers could 

be given some responsibility for the assessment. The problem that the Army 

Training Organisation appears to be ignoring is how do the lecturers decide 

what to assess if the domain specification results in narrow and numerous 

outcome statements that are, in some cases, non-assessable. They were 

passing on the problem to the lecturers, I have no evidence to show if this 

was intentional or not. 

Reference to training objectives provided, according to the h y  pamphlet 

No. 3, a clear indication of the essential knowledge, skills and attitudes that 

must be acquired during training. The skills objective was one for which 

learning was concerned with some physical or manipulative activity 

requiring movement of some muscles of the body and was not of significant 

relevance to the courses involved in my study as it did not include higher 

order skills such as problem solving. The other two were, however, 

extremely significant. 

The knowledge objective encompassed both the learning of information and 

the processing of information. Learning information was defined as 

learning of names, labels, facts, or larger bodies of 

knowledge necessary for job performance and being able 

to recall such information. 

(Army Training Organisation, 1993, p. 1-7) 

Learning to process information was defined as involving 

the mental skills of identifying, discriminating, 

classifying, and forming and using concepts, principles 

and rules. (ibid, p. 1-7) 
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The application of these mental skills in thinking, creating, analysing, 

problem solving and decision making in real situations was also added to 

this list. It was then stated that this type of learning was described as the 

acquisition of cognitive skills and was less readily observable than for 

physical skills. It was recognized later in the pamphlet that there was a 

major problem with the training objective concept when moving away from 

the basic skill area and into that of knowledge, as defined above. It stated 

that it was only possible to be quite precise both in statements of required 

behaviour and in the measurement of achievement for simpler levels of 

knowledge and procedure. There was then some recognition of the difficulty 

associated with defining the nature of a construct, such as engineering 

competence, and in assessing it. 

Attitude objectives were defined as attempting to specify the sort of values 

and beliefs concerned with ways of behaving in the job situation, which if 

held by the trainee, by the time he finished training, would bring out the best 

work performance he could achieve. Motivation and willingness to comply 

were two attitudes cited. It was stated that ideas associated with attitudes 

were sometimes referred to as belonging to the affective domain. It was later 

acknowledged in the pamphlet that, as for the knowledge objective, it was 

extremely difficult to write this type of objective. 

The formulation of objectives for the affective domain is 

difficult to do in terms of performance, conditions, and 

standards, as the concepts are often vague and too open to 

individual interpretation. 

(Army Training Organisation, 1993, p. 3-7) 

The SAT process appears to encompass a number of the points raised in the 

literature review section on competence-based assessment. The SAT system 

uses the notion of an integrated concept of competence as described by 

Hager et a1 (1994). The system also recognizes that the focus of the 

curriculum and assessment should be on the key purposes and functions of 

the occupation, the view expressed by Eraut (1994) and Wolf (1995, 1996) 

and discussed on page 3 1. A second issue discussed on page 3 1 was that of 
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domain specification. Whilst the Army Training Organisation recognizes the 

need for clarity and transparency of the domain they do not deal explicitly 

with the problems associated with the specification and assessment of the 

domain as highlighted in the literature review. The use of the three types of 

objective, skills, knowledge and attitude, reflects the three domains, 

psychomotor, cognitive and affective, defined by Imrie (1995) on page 39. 

The SAT process adopted by the Army Training Organisation would appear 

to produce an approach that should lead to the development of a sound 

competence-based curriculum and assessment. 

The main problem with the SAT process is that it had been designed for 

training of basic soldiering skills and this has resulted in great difficulty in 

writing Army training objectives that were suitable for courses such as the 

Clerks of Works. This meant that this method was unlikely to produce 

definitive training objectives that were easily accessible, a view expressed 

by one of the Senior Military Lecturers. 

“Training objectives? To be quite blunt, the training 

objectives as exist are so broad and woolly it is almost 

impossible to come up with some test mechanism which 

would allow you to put hand on heart, and say yes, that 

training objective has been tested and this is the result. 

This is because they are just so broad it is impossible to 

come up with a test which would test that broadness.” 

(ML1) 

The training objectives for the Clerks of Works courses were reviewed in 

1989, by one of the course lecturers, and a draft form produced that was 

never ratified. The current official edition was published in 1976. In 1998 

the Army Training Design Team were tasked to produce the definitive 

version by May 2000, this deadline slipped to October 2000 and again to 

March 2001. Draft training objectives have been produced with only minor 

input from the teaching staff. There was no evidence at this stage to suggest 

that the production of updated training objectives will in fact change the 

way the course curriculum is defined and administered. There was 
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widespread scepticism from the lecturers interviewed about the training 

objectives that the analysis was likely to produce because of the nature of 

the Clerks of Works role, the level of technical knowledge the analysis 

required, and the level of expertise of those conducting the analysis. 

Despite the Army view that the SAT process relieved the lecturers of the 

responsibility for deciding what to teach all the lecturers interviewed 

contradicted this, they stated that they did, in fact, decide what to teach. 

“The Royal Engineers Training Design Team comes up 

with a set of training objectives and we [the lecturers] sit 

down and work out what subjects are needed to clarify, to 

conform to those objectives. What we actually teach is up 

to us, but it should be dictated by the job analysis.” (ML5) 

“We are given the license to decide on how best to deliver 

and assess the course. This is very much left to us.” (ML3) 

The lecturers felt the old training objectives and the new ones soon to be 

generated by TDT were flawed but they did all agree that the course 

assessment should ideally be designed around the military training 

objectives rather than the BTEC syllabus. I will return to this point later in 

the chapter. The award of the BTEC “D added another dimension to the 

way the construct was defined and this brings the discussion around to the 

BTEC system. 

The BTEC System 

To be awarded an HND, BTEC required each student to have passed a set 

number of specified units that were agreed between themselves as the 

awarding body and the institution delivering the course. Each BTEC unit 

was structured around a specific format, defined by BTEC (1986a) as: title, 

value, learning support time; prerequisites; summary of aims; teaching and 

learning strategies; assessment scheme; and, principal objectives plus 

indicative content/objectives section. BTEC (1 986b) defined the principal 
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objectives as specifying principal learning outcomes and indicative 

objectives as emphasizing that these were more detailed and should be 

treated as illustrative, not prescriptive. Indicative content was referred to as 

an alternative to indicative objectives and it was defined as indicating the 

detailed content of a unit without employing objectives to specify it. 

This approach to course and unit design was followed because BTEC 

(1986b) felt that a strong focus on processes and activities that provided for 

the application of understanding and skills was fundamental to the course 

design. This suggested that objective rather than content statements would 

be more appropriate and two more objectives were introduced, knowledge- 

based and process-based. The former were defined as objectives that 

specified the knowledge to be learned and tested and the latter as objectives 

that identified processes and applications. BTEC (1986b) stated that 

process-based objectives were more likely to encourage the development 

and assessment of vocationally relevant competencies than were knowledge- 

based objectives. BTEC associated process-based objectives with 

application and invention, but [the process-based 

objectives] may also include elements of comprehension 

and ofpsychomotor and affective domains [their italics]. 

(BTEC, 1986b, p. 10) 

BTEC considered defining these objectives in this way encouraged greater 

emphasis on application and invention at all unit levels. The BTEC 

moderator (B2) fell in line with the above doctrine and stated that he viewed 

thought processes as being more important than a high level of 

understanding of mathematics and science, which he saw as being 

knowledge-based subjects. He stated that he recognized the need for 

engineers to have an understanding of these subjects, to have acquired 

knowledge, and that this underpinned the processes that were learnt during 

the actual engineering phase of the course. He stated that as a consequence 

of this view, BTEC preferred to see performance-based assessments, such as 

projects, rather than written exams. 



I have already stated that the lecturers believed that the main aim of the 

courses was to produce an engineer who satisfied the Army’s requirement 

rather than to award students an HND. There was no suggestion from the 

lecturers or the BTEC moderator that the award of the HND enhanced the 

students’ future performance in the job. However, the lecturers expressed 

the view that the BTEC HND syllabus did play a role in defining the course 

structure. 

“Somewhere there is a set of training objectives which are 

probably very old by now, about 1989 I think. Basically, it 

[lesson content] is inherited from what was here before. 

Certain lesson plans set out things to be covered and I try 

to tie those in with the BTEC units.” (MU) 

“The actual content of the course as it is at the moment is 

really driven by the modules [units] required by the 

HND.” (ML6) 

“The BTEC modules [units] breakdown into more detailed 

objectives for particular aspects of the programme. If we 

take heating, then there is a breakdown there and the 

particular BTEC HND unit has its own objectives and 

refers to prerequisite units, so you can go back to those 

which would break things down even further into more 

basic material. I do refer to the BTEC objectives and I 

would say I am refemng more and more to these because 

they are more specific than anything we have got on the 

military side.” (CLlO) 

These comments from three lecturers, two military and one civilian ex-Clerk 

of Works, supported by similar comments from other lecturers, indicate that 

the teaching content was being guided by the objectives of the BTEC units. 

What would appear to be happening was that the teaching content was being 

structured around the BTEC HND objectives rather than the Army training 
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objectives despite the acknowledgement that the main aim of the course was 

to produce competent military engineers, not BTEC HND graduates. 

So how are the requirements of the Army and BTEC brought together? 

“Historically we have managed to produce the product the 

Army requires. We are not taking anything out of the 

course we are modifying things on the course to 

accommodate the BTEC requirements. They have 

obviously got the structure there, it’s a national 

organization with training standards and all the rest of it, 

which we can readily adapt to suit our needs.’’ (MLl) 

“The BTEC HND is a secondary thing that comes from 

Clerk of Works training. Because the Clerk of Works 

training matches in part the requirement for a civilian 

qualification, in this case the BTEC HND, then there is a 

consideration of what do we cover on the Clerk of Works 

course that satisfies a BTEC module or part module. That 

is the way the overall process has been looked at in recent 

times. There has been a match of the requirements for a 

BTEC HND and what is done on the Clerk of Works 

course so that process has actually been gone through to 

satisfy the BTEC requirement.” (CL10) 

The source of both quotes is significant. The first quote is from one of the 

Senior Military Lecturers, a course director that had been in post 18 months 

when interviewed, and the second quote is from the civilian lecturer who 

was responsible for ensuring BTEC accreditation for the mechanical course. 

This civilian lecturer was also the ex-Clerk of Works engineer that produced 

the 1989 draft course training objectives. A picture is starting to emerge 

about the way the course modules and the content of those modules are 

being decided upon and hence how the construct is being defined. The 

BTEC units are being mapped to the modules dictated by the Army training 

objectives to give the course its structure and the BTEC unit objectives are 
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being used to define the teaching content. But there is a fundamental 

problem with this process, where is the link to the occupational 

performance, to the job analysis? The lecturers developed the academic 

content from the BTEC objectives, considered the Army training objectives 

old and dated, and yet maintained that the aim of the course was to produce 

competent Clerk of Works engineers and claimed this aim was being 

achieved. So how could this be so? The lecturers’ view on this can best be 

expressed by the quote below from one of the Senior Military Lecturers. 

“The way that it [the course] has evolved is that it has 

come down to involved individuals delivering it and 

relying on a military presence in the department, serving 

Clerk of Works within the Corps.” (ML3) 

The universally held view of the lecturers, military and civilian, was that the 

problem with the Army training objectives was solved by the appointment 

of experienced Clerk of Works engineers as lecturers. The military lecturers 

were subject matter experts and they had the responsibility for what was 

taught, what was assessed, and how it was assessed. The use of professional 

judgement is an issue that is threaded through the theoretical discussion in 

Chapter 3 on the validity of assessment and competence-based assessment. 

Linn et al (1991) consider the use of subject matter experts in assessment 

design as being a criterion measure of the validity of assessment as do 

Burchell et al (1999). Kvale (1996) focused the role of subject matter 

experts as assessors in defining the valid knowledge. The profile of the 

individuals Hambleton and Rogers (1991) describe as being best to carry out 

the process of aggregation matches the profile of the lecturers. The lecturers 

are subject matter experts, are familiar with the content of the assessment, 

understand the system, and the social and political context in which the 

assessment is based. There is support for the use of subject matter experts in 

the design of the assessment however concern has been expressed over the 

use of their judgement. The views of Eraut (1994), Gipps (1995) and Wolf 

(1995) discussed on page 39 suggest that the devolution to the lecturers of 

the responsibility for the assessment will have serious implications for the 

validity, reliability and comparability of the assessment. The training of 
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assessors was seen by Burchell et al, (1999), Dunbar et al, (1991), Eraut, 

(1994), Linn, (1993), and Kane (1994) as having a critical part in 

overcoming problems associated with the use of the assessors’ judgement 

about student performance. 

The evidence from the first two sections shows that none of the lecturers in 

my study had received any training on validity, assessment design, or as 

assessors. There is no evidence to suggest that the lecturers set out explicitly 

to design assessment methods that are valid. However the fact that they are 

considered subject matter experts and use their professional judgement in 

assessing the students suggests that they may contribute to the validity of 

the assessment implicitly. However without processes that ensure explicit 

consideration of the construct and that build up consensus among the 

assessors, and hence the reliability of the judgement, the implicit element 

that rests on professional expertise will not be sufficient to ensure validity of 

the assessment. In fact the use of the lecturers’ professional judgement may 

contribute little or nothing to the validity of the assessment. In the next 

section I will look at how the construct is assessed, I will evaluate the 

assessment process to explore nature of the validity of the assessment and 

the lecturers’ contribution through the use of their professional judgement. 

Assessing the Construct 

This section forms the main part of my validity evaluation. The data 

presented and analysed will provide the means by which I will be able to 

evaluate the validity of the assessment against the theoretical criteria 

described in Chapter 3. I have included them below because they form the 

framework around which the data must be analysed in order to provide the 

evidence required to draw appropriate conclusions about the validity of the 

assessment. 

The construct is represented in the assessment in sufficient breadth and 

depth. 

Important elements of the construct have not been omitted from the 

assessment. 
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The assessment does not introduce sources of invalidity or irrelevant 

variance that bias the scores or judgements. 

The way the assessment is marked reflects the manner in which domain 

processes combine to produce effects and is consistent with the structure 

of the domain about which inferences are to be drawn or predictions 

made. 

The results of the assessment can be interpreted to mean students that 

pass have demonstrated the required level of performance to be 

considered competent military engineers. 

The results of the assessment can be used to place graduates of the 

courses into jobs in the Field Army. 

A consequence of interpretation and use of the results of the assessment 

is that graduates go on to perform successfully in their occupational role. 

A consequence of interpretation and use of the results of the assessment 

is that there is a positive impact on the teaching and learning process. 

I will explore what is being assessed and how it is being assessed in order to 

see if the assessment can be considered valid in terms of the above criteria. 

To collect the evidence on the criteria I will explore how the construct is 

being defined and assessed by focusing on data from the assessment 

documentation and the lecturers’ interviews. 

The Course Assessment Programmes 

The Clerk of Works courses I studied were number 49 and 50 mechanical 

and number 43 and 44 electrical engineering courses. The courses were all 2 

years in duration and the RSME had been running the courses and thus 

producing Clerk of Works engineers for the Field Army for 50 years. The 

content of courses in terms of module headings comes from two 

complementary sources, the course timetables and the course assessment 

programmes. The course timetables, attached as Appendix F, show the 

headings, the order, and the duration of each module. The course assessment 

programmes show the modules by phase, how they are assessed and the 

marks awarded for each method of assessment. In terms of data for my 
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study it is the course assessment programmes that provide, as I will show, 

important data and it is to these I now turn. 

The courses were divided into three phases, foundation, allied, and 

engineering specific. The assessment programmes gave the headings for 

each module in each phase. The fundamental difference between the two 

assessment strategies was that the mechanical lecturers had taken the time to 

clearly indicate the associated BTEC units and the range of assessment 

methods used. However, on discussion with the electrical lecturers it 

became evident that the electrical modules were linked to the associated 

BTEC units and that the range of assessment methods used matched those 

for the mechanical course, i.e. assignments, examinations, and projects that 

incorporated presentations. I have added three columns to the programmes 

showing the mark allocated to the assessment method, the percentage of the 

total overall mark allocated to each assessment method, and the associated 

BTEC units. The electrical course assessment programme is shown in Table 

5.1 below. 

Services, Materials 

Allied Modules 
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Management 

4 Practical 

~ 

100 
~ 

4.20 Tendering, Estimating 

& Contract 

Management 

Exercises 

exercises 

Rounded Total o/; 

~ 

25 

~ 

100 

rical Engineering Modules 

DC Principles 

AC Principles 

AC Polyphase 

Electrical Machines 

Electronics and 

Control Engineering 

Illumination 

Illumination Project 

(Syndicated) 

Installations and 

Regulations 

Installations and 

Regulations Project 

Transmission and 

Distribution 

Transmission and 

Distribution Project 

Switchgear and 

2 Exams, 

6 Labs 

2 Exams, 

6 Labs 

2 Exams, 

6 Labs 

2 Exams, 

6 Labs 

2 Exams, 

1 Project 

1 Exam, 

3 Labs 

1 Project 

1 Exam, 

3 Labs 

1 Project 

1 Exam, 

3 Labs 

1 Project 

1 Exam, 

~ 

85 

15 

85 

15 

85 

15 

85 

15 

30 

70 

- 

__ 

~ 

~ 

~ 

85 

15 
- 

50 

__ 
85 
15 

100 
~ 

~ 

85 

15 

- 
100 

~ 

85 

~ 

1.05 

~ 

4.20 

- 
1.05 

__ 
18% 

~ 

3.60 

0.60 

3.60 

0.60 

3.60 

0.60 

3.60 

0.60 

1.20 

2.90 

__ 

~ 

~ 

~ 

~ 

3.60 

0.60 

2.10 
~ 

~ 

3.60 

0.60 

4.20 
__ 

~ 

3.60 

0.60 

~ 

4.20 

~ 

3.60 

Electrical and 

Electronic Principles 

Electrical and 

Electronic Principles 

Electrical and 

Electronic Principles 

Electricity & Lighting 

Building Servlces 

Control Systems; 

Electronic 

Instrumentation; 

Services Controls 

Technology 

Electricity & Lighting, 

Associated Services 

Systems 

Electrical Installations, 

Electrical Plant 

Electrical Installations, 

Electrical Plant, 

Associated Services 

Systems 
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Protection 

Subject Assessment Mark Y 

Switchgear and 

BTEC Units 

Protection Project 

Temporary Power 

3 

Station Briefing 

Higher Mathematics 2 Exams 15 1.13 

(Syndicated) 

8 Labs 

Industrial Attachment 

10 0.75 

Integrated Final 

Rounded Total YO Overall 

3 Labs 

10% 

1 Project 

1 Presentation 

Mentor Report 

1 Project 

Project (Syndicated) 

Rounded Total % 

- 
15 

100 
- 

- 
25 

- 
100 

250 
- 

- 
)vera11 

- 
0.60 
- 
4.20 

- 
1.05 

- 
4.2 

10.45 
- 

- 
68% 
- 

LE 5.1. The Electrical Course Assessment Programme. 

Elechical Plant 

Administration, 

integrated Project 

Design, Electrical 

Installation, Elecmcal 

Plant, Electricity & 

Lighting, Associated 

Services Systems 

Table 5.2 below details the assessment programme for the mechanical 

course in the same format as above. 

6 Labs 

5 Exams 

4 I Engineering Science I 2 Exams, I 60 I 4.50 

Site Safety 1 Exam 

Supervisors Course 

Engineering Drawing I Project 

1 Project 

SNCO Course 4 Exams, 

4 Practical 

Exercises 

- 
5 

~ 

25 

0 
~ 

0 

0 

~ 

0.40 

__ 
1.90 

~ 

0 

0 

0 
__ 

Maths ( N I H )  

Maths (H) 

Applied Science 

Services. Materials 

Associated Services 

Systems 
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General Electrical 

Engineering 
30 

Engineering 

Management & 

Contract Procedures 

2.26 

Exercises I I I 

25 

2 Exams, 

6 Labs 

2 Exams 1.90 Tendering, Fstimting 
& Contract Managrmmt 

Rounded Total % Overall 6% 

Climatology 

Thermodynamics 

Heating & Hot Water 

Refrigeration 

Air Conditioning 

Steam & Boilerhouse 

Technology 

Water Supply & 

Hydraulics 

Engines 

Control Engineering 

Industrial Attachment 

1 Presentation 

5 Assignments, 

2 Exams 

5 Assignments, 

2 Exams, 

1 Project 

5 Assignments, 

2 Exams, 

1 Project 

5 Assignments, 

2 Exams, 

1 Project 

4 Assignments, 

2 Exams 

4 Assignments, 

2 Exams, 

2 Projects 

2 Exams 

2 Exams 

1 Project 

Mentor Report 

- 
25 

5 

40 

25 

100 

25 

- 

- 
30 

100 

20 

20 

100 

30 

- 

- 
20 

80 

- 
20 

100 

30 

60 
- 

IO 

25 

0 

- 
1.90 

0.40 

3.00 

1.90 

7.52 

1.90 

- 

- 

- 
2.26 

7.52 

1.50 

1.50 

7.52 

2.26 

- 

- 
1 S O  

6.00 

- 
1.50 

7.52 

2.26 

4.50 
- 

0.75 

1.90 

0 

Climatology & 

Physiology 

Themafluids 

Associated Services 

Systems; Building 

Services Control 

Systems; Air 

Conditioning; Heating; 

Themafluids 

Associated Services 

Systems; Air 

Conditioning; 

Themfluids 

Associated Services 

System; Building 

Services Control 

Systems; Air 

Conditioning; 

Themofluids 

Associated Services 

System; Building 

Services Contol 

System; Air 

Conditioning; Heating 

Associated Services 

Systems; Themafluids; 

Hydraulics 

T h m f l u i d r  

Building Services 

Control Systcms; 

Electronic 

I"StN-tation; 

Services Controls 

Technology 
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22 Integrated Final 

Design Project I--- 1 Project 

Rounded Total % 

250 18.80 7- 
verall 4 84% 

Administration; 

Integrated Project 

Design; Tendering. 

Estimating & Contract 

Management; Air 

Conditioning; Heating; 

Assaciited Services 

Systems 

I'ABLE 5.2. The Mechanical Course Assessment Programme. 

There are a number of important elements contained in the data presented in 

Tables 5.1 and 5.2. The first point is that the assessment programmes and 

the course timetables support the earlier discussion on how the BTEC units 

have been integrated into what was a course designed fundamentally to 

assess occupational competency. This process of linking training objectives 

and BTEC units resulted in the use of a spreadsheet system for recording 

student results. Both the electrical and mechanical courses used the system, 

listing module heading against BTEC units and distributing marks 

accordingly. This system was controlled and administered by the electrical 

and mechanical civilian lecturers (CL5, CLlO) and checked by the BTEC 

Moderator who reported that he was satisfied the system met the BTEC 

requirement (B2). The system was not easy to understand but it did create a 

final sheet that showed the results in terms of the military modules and the 

BTEC units. Mixing them in this way however raised the issue of how was 

the construct. and in particular the performance criteria, being defined to 

enable the division and allocation of marks from the assessment to the 

BTEC units. 

An understanding of how the construct military engineering competence is 

being defined by the lecturers emerges from the titles of the phases, the 

module headings and the allocation of marks to the assessment methods for 

each module. The foundation phase was the academic introduction to the 

courses camed out within the Science and Computer Branch and accounted 

for 14% and 10% of the overall marks for the electrical and mechanical 

courses respectively. The Science and Computer lecturers who delivered 

this phase of the training did not distinguish between the electrical and 

mechanical courses in their interviews and talked in general terms 
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applicable to both courses (CL15, CL16, ML17). This phase covered the 

subject domains of mathematics, computing and engineering science. Each 

of the subject domains had one or more textbooks associated with it. The 

textbooks were all modem, well-established editions of standard college 

texts that governed what was taught and assessed during the foundation 

phase. The students were set regular homework requiring work to be 

completed from the exercises in the textbooks. 

The allied modules focused on a small number of subjects related to both 

courses. The general engineering module, i.e. the mechanical module for the 

electrical students and vice versa, was seen as a key element of this phase 

because there was an Army requirement for certain jobs to be 

interchangeable between the electrical and mechanical engineers. The other 

key modules for both courses in this phase were the engineering 

management and engineering drawing modules. These three modules 

accounted for approximately 11% out of 14% of the overall mark allocated 

to this phase for the electrical course and effectively all 6% of the overall 

mark allocated to this phase for the mechanical course. 

The engineering phase of the courses contained the electrical and 

mechanical engineering modules. The assessment programmes show that 

this phase was weighted the highest, 68% of the overall mark for the 

electrical course and 84% for the mechanical course. All subject modules 

had at least one or more textbooks, chosen by the lecturers as the basis for 

the module content and adopted because the textbooks were standard 

engineering educational texts published for use on college courses such as 

the BTEC HND. This phase included the majority of the subject module 

projects. the integrated project and the industrial attachment. 

What has emerged from this data is that the course phases and what they 

contained mirrored Vincenti’s (1993) model of the construct engineering 

competence discussed on pages 33-39. The foundation phase covers the 

theoretical tools, and the descriptive knowledge as defined in the 

quantitative data category. The allied and engineering phases cover 

fundamental design concepts, the technical specification, and the 
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prescriptive knowledge as defined in the quantitative data category. As the 

academic content of the courses was being driven by the BTEC objectives, 

the lecturers used established textbooks as the basis for the academic 

content, and the BTEC moderator accredited the courses, I feel there is 

sufficient evidence at this point to make the above comparison. The two 

categories about which no statement can be made are the last two, practical 

considerations and design instrumentalities. These categories relate to what 

Vincenti (1993) referred to as personal knowledge, ways of thinking and 

judgemental skills and Vincenti (1993) does not consider the classroom as 

the appropriate place for learning the knowledge and skills from these 

categories. Although these categories may be contained in the engineering 

phase, in the projects and the industrial attachment, there is no evidence at 

this point in my study to suggest this is so. What is beginning to emerge is 

the way the construct is being represented in the assessment and this is 

relevant to the first two theoretical criteria developed in the literature 

review. The requirement is now to go deeper into the assessment process 

and look at the assessment methods themselves. 

IFP MP WE LIA CA 

The Assessment Methods 

Pr Ex IA 

As I stated earlier this is not a study into the problem of domain 

specification in terms of what is being taught, it is a study into what is being 

assessed. I have collated the information contained in tables 5.1 and 5.2 to 

show the methods by which student performance had been assessed. Table 

5.3 below shows the assessment methods for both courses and for each of 

the phases, how many of each method were used, and the percentage of the 

total mark allocated to each of the methods. 

Foundation 0 

Allied 0 

Engineering 1 

Total 1 

Number 

0 10 14 4 0 0 0 

2 12 1 0 0 9 0 

5 14 36 0 1 0 1 

7 36 51 4 1 9 1 

I 1 Electrical Course Phases 
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%Total 10.45 

Mark 

Key: IFP - Integrated Final Project MP - Module Project 

19.05 56.88 5.43 1.05 1.05 1.89 4.20 

WE -Written Exams 

CA - Computer Assignments 

Ex - Exercises 

L/A - LabsiAssignments 

Pr - Presentations 

IA - Industrial Attachment 

TABLE 5.3. Number of and overall marks allocated to the assessment 

methods. 

In Chapter 4 I explained that I chose to conduct a case study of the electrical 

and mechanical engineering courses because I considered there was parity 

between them. The data in Table 5.3, and from Tables 5.1 and 5.2, provide 

support for the decision to look at both courses in terms of the modular 

structure of the courses, the assessment methods and the weighting attached 

to the phases and the individual assessment methods. For both courses the 

percentage of the overall marks allocated to written examinations is 

approximately 56% and the percentage of the overall mark allocated to the 

projects is approximately 30o/u. The number of each method used in total 

and across the three phases is almost identical. Comparing the electrical and 

the mechanical courses based on the evidence from Tables 5.1, 5.2 and 5.3 

shows that there is comparability between the electrical and the mechanical 

courses in terms of the assessment methods and weighting given to the 

methods. I will therefore discuss the data contained in Table 5.3 in general 

terms applicable to both courses. 

Table 5.3 provides an insight into how the students are being assessed on 

the courses. What is of immediate concern is the fact that both courses 

allocated the percentage of the overall mark in the ratio of 56:30 in favour of 
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written examinations against projects. The aim of the course was to produce 

competent military engineers who can do the job of a Clerk of Works 

engineer and as both the Army and BTEC systems are performance based 

assessment systems this ratio is perhaps surprising. The data in table 5.3 

shows the course directors and lecturers were using academic measures 

rather than simulated work based tasks to assess student performance in 

terms of a recorded overall mark. I discussed the correlation of academic 

and simulated work based measures to occupational performance on pages 

32-33. Bascd on a number of studies concerned with these correlations, 

Wolf (1995) concluded that the correlation between simulated work based 

performance measures and occupational performance was much higher than 

for academic measures. The weighting of the marks for the overall 

assessment of the student is biased heavily towards written examinations 

and tlicrcforc raises a question mark against the use of the overall mark as a 

prcdicror of occupational performance. However, perhaps the ratio is not as 

surprising as i t  seems if viewed in terms of what i t  is possible to measure 

directl\. The Army recognized the difficulty with writing objectives for the 

cognitive and affective domains. The discussion of domain specification in 

Chaptcr 3 highlights, as Wolf (1995) pointed out, that analysing 

competencies is not enough if they cannot be assessed directly. This 

evidence casts doubt over the use of the overall marks as a predictor of 

occupational performance. The evidence raises a question mark over the use 

of thc rcsults of the asscssnient to place graduates into jobs in the Field 

Ami? and the consequence that they will go on to perform successfully in 

their occupational role. 

The viciv of the lecturers is reflected in the following comment from a 
Senior Military Lecturer responsible for aggregating the marks. 

..We are progressing down the line I would like to see us 

go and that is away from this formal very, very rigid 

examination system that has existed for donkeys years, 

probably since the war. You do a phase [ o f f h e  course], 

you get examined and all that counts is the examination 

mark. This is fine as it makes life very easy for me to 
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manage the course and do the statistics but I feel it does 

not do the students much good. There are enough idiots in 

the world who have proved they can pass exams but put 

them in a real life situation and they are useless. What we 

really need to have is a well practiced individual who has 

passed the exam for that particular phase say, but he has 

also done some design Iprojects] because at the end of the 

day that is what he [as a Clerk of Works engineer] will be 

doing in the field. By tilting the assessment towards that I 

think you will certainly build the confidence of the student 

so they can say oh yes I’ve done this before. You’ll get a 

more rounded guy, a more confident guy at the end of it. If 

there are people who are experts at passing exams but are 

not much cop as engineers they will be found out by that 

approach.” (MLl) 

The above quote draws out a number of points. The Senior Military 

Lecturers had the responsibility for aggregating the marks that gave a final 

mark used to indicate that the student has passed the course. The suggestion 

above is that marks from written examinations are easy to aggregate into a 

final mark. Implicit in this statement is that aggregating statements of 

performance is not as easy. There is an acceptance of the need for the 

assessment of the academic content of the course but that the assessment 

should be rilled towards the use of design projects. Two reasons are given 

for using design projects rather than examinations to assess the students, it is 

the job of the Clerk of Works engineers to carry out design projects and 

passing examinations does not ensure successful performance as an 

engineer. ML1 could not present any evidence of a similar nature to the 

theoretical discussion on the correlation of academic and simulated work 

based tasks to occupational performance. He formed his view based on his 

own experiences from when he did the Clerk of Works course in 1988 and 

his subsequent work experiences as a Clerk of Works engineer. 

I stated earlier that BTEC preferred to see performance-based assessments 

such as projects because of the need to assess process-based objectives. The 
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BTEC moderator considered range of assessment methods used was good 

and the balance was about right between them (Bl). It was clear from the 

moderator’s reports, which were reviewed from December 1996 to July 

1999, that the BTEC moderator had agreed that the projects were considered 

important. The general comments from the reports gave an indication that 

the use of projects was seen as compensating for the use of written 

examinations. In a report dated May 99 the moderator stated that: 

“If some of the written tests are a little routine, this is 

more than compensated for by the major projects which 

call for a significant degree of application, invention and 

initiative in highly practical contexts. Candidates are well 

prepared and briefed for the assessment tasks.” 

So a paradox has emerged. The lecturers and the BTEC moderator see 

projects as being the assessment method that should be used to assess the 

students perfomlance yet the aggregated mark indicates that 56% is awarded 

to written examinations and only 30% to projects. The results of the 

assessment are used to place individuals into a job as a Clerk of Works 

engineer and interpreted to mean that the individual is occupationally 

competent. The aggregated marks are heavily weighted towards academic 

measures and the evidence presented by Wolf (1995) suggests that the 

results from the projects would give a much clearer indication of 

occupational performance. This paradox again raises the issue of specifying 

and assessing the domain. The discussion in the literature review, pages 31- 

33, highlighted the difficulty in specifying the domain clearly and 

unambiguously in relation to competence-based assessment and hence to 

occupational performance. Although there is a clear feeling that projects 

should be the dominant form of assessment method the difficulty in 

developing assessable performance criteria for projects could be a 

contributing factor to the predominant use of written examinations. Written 

examinations are generally associated with the academic curriculum and 

subject domains that may be more clearly and easily defined and assessed. 

Wolf (1996) suggested that the use of direct periods of employment could 

be included to supplement or replace direct assessment and the industrial 
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attachment at the end of the courses matches this requirement. I will now set 

out to explore these issues by looking at the written examinations, the 

projects and the industrial attachment in more detail. 

Q l .  

4.2 

The Written Examinations 

The length of a plate detail is 891 mm. Rivets are placed 45 

mm apart and the distance between centres of the end rivets 

and the edges of the plate is 18 mm. Determine the number of 

rivets required. (3 marks) 

Factorise the following expression: 

k212 - mnl - k21 + mn (3 marks) 

The combined number of written examinations for the electrical and 

mechanical courses in thefoundation phase was 24. Analysis of the written 

examinations showed that there was an average of 12, a minimum of 9 and a 

maximum of 14 questions per examination. Questions on the written 

examinations had up to five parts requiring the students to explain a concept 

or devise an equation and then carry out related calculations. It was evident 

that thought had been given to the design of questions for common subjects 

like mathematics and physics in terms of face validity as each course had 

similar examinations with either an electrical or mechanical theme. A 

simple example of this would be transposition of formulae where electrical 

students were given Ohms’ Law to transpose and mechanical students were 

given the formula for kinetic energy. In mathematics the progression of the 

examination papers started with a paper on basic algebra and ended with a 

paper on Fourier Series and Laplace Transforms. These two subjects 

comprised the higher mathematics module and students of both disciplines 

had to pass this module as i t  was a requirement for the award of the BTEC 

HND. The progression can best be represented by the questions, taken from 

the series of mathematics examination papers, shown in Table 5.4 below. 

Q. 1 The height ‘s’ in metres, of a mass thrown vertically upward in 

a time ‘t’ seconds, is given by the expression: 
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s = 40 t - 13tZ 

By solving this quadratic equation, find the times at which the 

mass is at an altitude of s = 25 m. (8 marks) 

Mathematics Examination Paper 2 

Q.2 

Higher Ma 

4.3 

TABLE 5 . 2  

a) The distance ‘s’ cm of a vibrating particle is given by the 

following expression where ‘t’ is in seconds. Find the velocity 

when ‘t’ = 50 ms 

s = 3 sin (3t - d 5 )  (6 marks) 

b) A missile fired from ground level rises ‘s’ metres in ‘t’ 

seconds where: 

s = 75t - 12.5t2 

Determine: 

I )  initial velocity 

2)  the time when the height of the missile is at its maximum 

3) the maximum height reached 

4) the velocity with which the missile hits the ground (8 marks) 

ematics Examination Paper 

A vertical spring and mass is immersed in a viscous liquid as 

depicted in the diagram below (not shown here). A mass of 2 

kg extends the spring by 4 cm. If the damping factor is 3 and is 

proportional to the instantaneous value of the velocity. The 

system can be solved by the differential equation: 

M d‘x/dt‘ + kx + h dx/dt = 0 

Determine: 

a) the value of the damping factor h 

b) spring stiffness constant k 

c) if a mass of 3 kg is suspended and the spring initially 

extended 5 cm and then released (dxidt = 0) find the 

subsequent motion. (25 marks) 

Sample of questions taken from the mathematics examinations. 

The results of the assessment of the foundation phase were passed to the 

Senior Military Lecturers in the form of an overall mark for the phase, and 

an individual mark for each element i.e. laboratory assignments, progress 

tests and written examinations. The overall weighting for these assessment 
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methods was biased towards the written examinations, 12% out of 14% for 

the electrical course and 8.5% out of 10% for the mechanical course. 

However there was more to the results of the assessment than just the 

marks. The results of this phase also included associated comments on each 

individual student. Examples referring to different students taken from the 

standard written reports submitted by CL16, an ex-Clerk of Works now a 

civilian lecturer, are given below. 

Sgt X demonstrated a cheerful disposition, a willingness to 

question and a determination to learn. He put a great deal 

of time and effort into his work that resulted in a 

consistently high performance throughout the phase. Sgt X 

contributed in class discussion and worked well in a team. 

His continuous enthusiasm gave rise to an interesting 

course phenomena, the ‘X’ factor. This will appear again, 

no doubt. 

Sgt Y found this phase, and in particular the academic 

aspects of it, very demanding. Following a poor start in 

both his mathematics and engineering science, due mainly 

to a stressful, self-imposed demand to succeed, rather than 

inability to do so. He re-assessed his approach and was 

soon able to produce some very acceptable results. 

A team player, Sgt 2 contributed in all classroom and 

laboratory activities. His ebullient personality and 

professionalism stood him in high regard with his peers. 

Sgt U contributed well in class and worked well in a team. 

He cames forward an excellent resolve and ability into the 

next phase. 

Sgt V has developed his self-confidence, works well in a 

team and contributed greatly during the practical 

laboratory assignments. 
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Sgt W has performed exceptionally well throughout the 

phase and displayed considerable ability in the field of 

mathematics. This, combined with a natural engineering 

flair, makes as good as a foundation to his chosen career 

as is possible to obtain. 

None of the formal assessment methods measured such things as resolve, 

self-confidence, enthusiasm or engineering flair. The first, third, fourth and 

fifth comments above did give an indication of how this was done, and the 

interview with the lecturer (CL16) who wrote them confirmed that he 

formed his judgement during the daily interaction with the students in class 

and in the laboratory. He was asked why attitudes and behaviour were 

considered an important part of the assessment of the foundation phase. 

“There must be an assessment of the individuals attitude, 

determination. He has to apply himself as this is a very 

demanding phase. If that determination isn’t there then 

traditionally you will find the results drop off, interest will 

drop off, because the potential is not there. That is a 

significant indicator that the technologies they will be 

subjected to will be beyond their grasp. The results 

generated from this foundation phase, reaching a certain 

mark, is certainly an indicator of their ability to go on and 

pass the course.” (CL16) 

What was evident was that this phase was also thought to give a clear 

prediction of future success in passing the course (ML1, ML3, ML4, ML6, 

ML9, CLIO, CL15. CL16, ML17). The comment below from one of the 

Senior Military Lecturers expresses the general view. 

“Traditionally, the marks attained in the foundation phase 

are a good indicator of future performance and the ability 

to pass the course as a whole. It is very rare for someone 

who has done well to fail and those who struggle continue 

to do so throughout the rest of the course.” (MLl) 
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There are three points that arise from this data that relate to the discussion 

on the interpretation of the results of assessment contained in Chapter 3. The 

first point is that the lecturers clearly considered that predictions about the 

students’ ability to pass the course could be made from the results of the 

assessment of the foundation phase. The main assessed elements of the 

foundation phase are mathematics and engineering science. The lecturers’ 

view supports the findings of the study by Williams and Boreham (1991) 

who concluded that there was evidence to suggest that student performance 

in mathematics, physics, and engineering drawing examinations could 

provide a reasonable prediction of success in terms of passing engineering 

courscs. Thc second point is that at no time did the lecturers indicate that 

they considcred these results could be used to predict future vocational 

succcss. A s  this is an academic phase of the course and assessment consists 

niainl! o f  nritten examinations, the studies critiqued by Wolf (1995) and 

discusscd on page 32 support the view that the results of this phase would 

not gii c 3 good indication of future occupational success. 

The third point is concerned with the issue of students failing the academic 

assessiiiciit. Wood (1991). supported by Gipps (1995), discuss the fact that 

therc is no way of knowing how students that fail would have performed in 

thc job I . C .  in my study as Clerk of Works engineers. During my study two 

studciits failed the courses. Both performed poorly on the assessment of the 

foundation phase. one in fact being Sgt Y above, and both were removed 

during ihc early modules in the engineering phase, one failing the 

Alternating and Direct Current Theory examinations and Sgt Y failing the 

thermodynamics examinations. There was evidence then that performance 

in the mathematics and science examinations did give a prediction of the 

students ability to pass the course. or more precisely, to pass the rest of the 

written esaniinations on the course. Neither of these two students had 

carried out any design projects and based on the previous discussion about 

the lecturers views on written examinations and projects in assessing student 

perfomiance in relation to the job should there have been doubts about 

failing them at this point on the course? The dilemma is that the lecturers 

could not have known whether either or both of the failed students could 

have gone on to become competent Clerk of Works engineers. 

c 
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In the allied and engineering phases there were a combined total of 51 

written examinations. My analysis of the examinations revealed that the 

average number of questions was 6 per examination with up to 5 parts to a 

question. As in the foundation phase, the lecturers used textbooks and the 

BTEC moderator was happy that the content of the examinations met with 

BTEC requirements. I compared the contents of the electrical machines, 

illumination, installations, transmission, and switchgear examinations from 

the electrical engineering phase, and the heating and hot water, refrigeration, 

air conditioning, and water supply examinations from the mechanical 

engineering phase against the contents of the textbook for each of the 

modules. My analysis showed that the content themes of all of the questions 

on all the examinations could be found in the textbooks. Table 5.5 below 

shows the comparison for the heating and hot water module examination 

paper A. 

Heating and Hot Water Module 

Examination Paper A 

Faber & Kell’s Heating & Air 

Conditioning of Buildings 

Martin & Oughton 

(1997,Sth Ed) 

Question 

(hl a rks) 

1.a (6) 

1.b (8) 

!.a (12) 

!.b (9) 

3.a (4) 

3.b (8) 

3.c (3) 

Topic 

Comfort Conditions - 3 

Main Parameters 

Temperatures - Dry 

Resultant, Internal Air, 

Environmental, Mean 

Radiant 

Rate of Heat Transfer 

Textbook Reference 

Page 16 

Pages 9-1 1,48 

Pages 172-4 

Interface Temperature 

Explain - Indirect Hot 

Water Supply System 

Diagram - Indirect Hot 

Pages 33-40 

Pages 139-72 

Pages 139-72 
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Water Supply System 
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4.a (3) 

4.b (8) 

5.a (4) 

5.b (2) 

5.c (6) 

6.  ( 8 )  

TABLE 5.: 

Optimisers 3 Main 

Functions 

Diagram - Optimers and 

Compensator Set-up 

Progressive Cooling & 

Index Circuit 

Direct Hot Water Supply 

System - Disadvantages 

Indirect Hot Water System 

- Gravity Circulation 

Centrifugal Pumps - 

Characteristic Curves for 

Pump and System 

Pages 602-16 

Pages 602-16 

Pages 396-9 

Pages 147-53 

Pages 94-104 

Pages 243-6 

Pages 201-7 

Heating and Hot Water Examination Contents 

Ha\,ing collccted data from the written examinations, the analysis confirmed 

that the content of the examination related to the contents of the textbook. It 

did not provide evidence of what was taught in class and I did not attempt to 

sample the classroom teaching environment. I found the analysis of the 

examinations difficult because I was not a subject matter expert in many of 

the subject areas. I will use examples of questions taken from the water 

supply module examination papers and comments made by the lecturer 

responsible for delivering and assessing that module to discuss what was 

being assessed generally by the examinations. 

Paper A Question I .  

a. State the maximum practical suction lift that can be 

expected for a vclocity type pump and a reciprocating 

pump when operating at sea level pumping fresh water. 

(5 marks) 

b. What factors affect the suction lift of a centrifugal pump 

and why? (5 marks) 

c. Explain why a single stage centrifugal pump is effected 

by end thrust. (5 marks) 
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d. Explain with the aid of sketches, two methods of 

balancing end thrust in a single stage centrifugal pump. 

(5  marks) 

Paper B Question 3. 

A pipeline is used to connect two reservoirs with a 

difference of 10 m between the water levels. The pipeline 

consists of a single 600 rn diameter pipe 3500 m long, 

feeding a junction from which three 200 mm diameter 

pipes, operating in parallel, traverse a further 2500 m to 

the lower reservoir. 

If the friction factor of all pipes is 0.01 establish the total 

discharge into the lower reservoir in litres per second. 

Neglect velocity head. (1 5 marks) 

The lecturer was looking for evidence of the student’s knowledge of the 

device, the water pump, and the procedures for carrying out the pressure 

calculation that linked the pump to the pipeline, both of which defined the 

water supply system. All the examination papers followed a similar format 

assessing the students knowledge of the procedures used in the design 

calculations and the operational principles of the mechanical or electrical 

devices used in the design. In the case of the water supply module the 

military lecturer described the form of the examinations, thus: 

“There are two 3-hour exams. One mostly written and one 

mostly calculations. But saying that, some of the written 

one has got a ‘what do you understand by this’ and then a 

small calculation to prove the point, and on the calculation 

ones there is an ‘explain this’ and then calculate this. So 

what we are trying to prove by that is that they have taken 

in the knowledge that has been put across to them and they 

have learnt what is of practical use to them. Deriving the 

formula is not of practical use to anybody. Some people 

like those sorts of questions. I would rather see them 
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doing pressure calculations for a pipe, what size pump do 

you need for this. Lots of ‘what do you understand by 

this’ and ‘how would you have overcome that’ rather than 

‘derive this’ and ‘what’s the flow of over this V-notch’ 

sort of thing.” (ML8) 

The military lecturer was designing the written examinations to assess 

objectives from the curriculum content and the cognitive processes as 

defined by Haertel’s (1985) model of the construct. There is evidence that 

elements of Vincenti’s (1993) first four categories were being assessed 

through the use of written examinations in the foundation and the 

engineering phases. The assessment was focused on the academic nature of 

the course rather than the requirement to measure occupational performance. 

Although there is some evidence of cognitive skills being assessed there is 

no evidence of assessment of behavioural outcomes or the affective domain. 

In terms of interpreting and using the results of the assessment as a predictor 

of occupational success the emphasis on written examinations and their low 

correlation with occupational performance raises doubt over the use of the 

results of the assessment as a good predictor. There is still a clear 

requirement to assess the two domains, cognitive and affective, with 

emphasis, as Imrie (1995) states, on understanding and grasping concepts 

and being able to apply then1 creatively. At this point in my study there is 

little evidence of the assessment of competence in terms of the ability to use 

knowledge, skills and attitudes in the successful completion of engineering 

tasks, as discussed in Chapter 3 .  The quote from CL16 hints at where this 

may begin to happen. 

“I feel the way we develop skills, like communication and 

analytical skills, is through the introduction of short 

presentations and various tutorials within the class where 

we chat and talk about things, problems. Gradually 

working up to the point when we introduce the major 

project and are able to sit there and almost argue with 

them about their suggested solutions. They are actually 

able then at a later stage to be able to counter argue and 
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defend their solution. Whereas we know early on in the 

course they would probably just look at us and say well 

you are right and we must be wrong. Certainly later on 

that does not happen and they are prepared to stand their 

ground which is what we are trying to achieve, although at 

the same time we want them to be able to listen, to accept 

other proposals but then sensibly accept or dismiss them.” 

W L 9 )  

Section 

Design Informalion Pack 

Design Data and Assumptions 

Set out of data 

There appeared from the comment above that the lecturers considered 

communication skills and the ability to discuss design solutions, listen to 

altcniati\cs and make decisions to be desired outcomes. There is an 

iiidicaIioii that the development of these skills began at an early stage of the 

coursc and continued throughout but that the way they were assessed was in 

the titiai integrated design project. The design projects will now be 

discussed iii detail. 

Value Mark 

55 

12 

4 8 

The Design Projects 
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I Assumption justification 16 

I Security system 1 3  6 

I PA system assessment 2 4 

Lightning protection and 5 IO 

I I I I 

TABLE 5.6. Electrical installation design project marking guide. 

internal earthing 

Office underfloor wiring 

system 

Schedule of installed / 

diversified loads 

Schedule of external 

influences 

Detailed materialsicost 

schedules 

Drawings 

Manpower, time, tools and 

There was no indication in any of the marking guides of formal assessment 

being made with regard to how the students carried out the process, what 

they did 10 produce a design report. It was also not clear what the marking 

criteria were, except that there were many of them and that they were linked 

to the contents of the design report. The water supply project pack at 

Appendix G with its 10 page marking guide showing the available 2272 

3 6 

5 10 

2 4 

5 10 

5 IO 

5 IO 

102 

equipment 

Individual Contribution 

Total: 

5 IO 
100 200 



marks, is a particularly good example of narrow and numerous criteria being 

generated to the point of each criteria becoming meaningless. 

Criteria 

Has a senice been designed to 

control the summer time 

temperature? 

Design concept? 

Design spccification? 

The marking guide for the mechanical integrated final project was divided 

into three sections, the feasibility and initial design briefing, the written 

report, and the final design presentation. Single marks of 15% and 20% 

were allocated to the feasibility presentation and the final presentation of the 

design respectively. The written report was assessed using a series of 

questions for which marks were awarded based on how the question could 

be answered covering three areas, the swimming pool zone, the gymnasium 

zone and the office zone. There were a total of 11 main questions and 20 

secondary questions, and Table 5.7 shows two main questions with the 

associatcd secondary questions taken from the marking guide. 

Marks Available 

Yes(5) No(0) 

Good (9, Sufficient (3), Flawed (0) 

Good ( 5 ) ,  Sufficient ( 3 ) ,  Flawed (0) 

Design drawings? 

Control of systcni? 

Adequateiclcaripossiblc? 

Has a senicc been designed to 

control the summer time 

tcmpcraturc? 

Design concept? 

Design specification? 

Design drawings? 

Control of systcni? 

Adequateiclearipossible? 

Good ( 5 ) ,  Sufficient ( 3 ) ,  Flawed (0) 

Good (5). Sufficient ( 3 ) .  Flawed (0) 

Yes(5) No(0) 

Good ( 5 ) ,  Sufficient (3). Flawed (0) 

Good ( 5 ) ,  Sufficient ( 3 ) ,  Flawed (0) 

Good ( 5 ) .  Sufficient ( 3 ) ,  Flawed (0) 

Good ( 5 ) .  Sufficient ( 3 ) ,  Flawed (0) 
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The marking guide for the electrical integrated final project followed a 

slightly different approach to its mechanical counterpart in that it consisted 

of a series of sheets, each assigned to a particular topic area, and a master 

sheet that collated them. The electrical system had not developed any 

marking guides other than those with single headings. Table 5.8 shows the 

master sheet. The students were not shown the marking guides for either the 

electrical or mechanical integrated final design projects. 

Section 

Report Writing 

Civil Works schedule 

Max Mark 

100 

50 

Power stations/supplies 

Transmission & Distribution, including grading & 

Street, security, floodlighting 

problems 

Lightning Protection 

100 

100 

- 
100 

50 

PA system, station sirens so 

The above headings were broken down into sub headings that were again 

single statements. The breakdown for the individual assessment is shown in 

Table 5.9. 

Load assessments 

AGL details 

Outline design heating, ventilation, hot water 

BFls and fuel storage 

Cookhouse 

104 

25 

100 

50 

50 

50 

Borehole pumps 

Supply to 800 man camp 

Hanger lighting 

lndividual Assessment 

Totals: 

2s 

2s 

25 

100 

1000 



Assessment Max Mark 

Project awareness 15 

Communication skill 15 

TABLE 5.9. Electrical integrated final project individual assessment guide. 

Attitude 

The integrated final project marking guides showed that 35% of the marks 

allocated in the mechanical project and 10% for the electrical project related 

to performance criteria assessing behavioural outcomes and the affective 

domain. The marks allocated equated to 6.8% and 1.45% of the aggregated 

overall mark for the mechanical and electrical courses respectively. The 

evidence of what is being assessed as the construct remains firmly focused 

on Vincenti’s (1993) first 4 categories except for the elements identified in 

the projects as the presentations and the individual assessment. I will now 

look at how and what was being assessed by the lecturers in these elements. 

What the lecturers were assessing is demonstrated in the quotes below from 

four military lecturers. 

15 

“We look at the project as a whole, we are looking for a 

coherent and sensible plan around the problems they have 

been set, bearing in mind that whatever they produce 

would have to go, in reality, to some higher command. 

They are experiencing a learning curve as they go through 

every project. The projects are all design based and we are 

looking for someone who can give a well balanced, well 

thought out design. Someone who can work out a design, 

then produce arguments and assumptions to reinforce and 

support that design.” (ML2) 

Report writing 

Mark for actual design carried out 

“We are looking for them to be able to analyse a problem 

i.e. this building needs some sort of environmental control, 

they determine the level of control they feel should be 

20 

35 

105 

Total: 100 Total: I 100 



necessary and they then would propose how they would 

achieve this. It is a technical solution, yes, but at the same 

time it’s their being able to tell us what that technical 

solution is and then being able to have confidence in it.” 

( M W  

“It [the integratedfinal project] tests, among other things, 

their ability to read into the project. It assesses their abilities 

to glean information, technical information that we have 

given them already, and their communication skills.” (ML7) 

“Deliberately we leave things out or we leave them vague 

[ / ) I  r/rc.project briefl. What we are looking at is their ability 

to conic back and ask for more information once they have 

lookcd at it in more detail.” (MLl)  

Thc lecturers ivcre looking for the ability to analyse a problem, to justify 

their solutions with confidence, glean information, and communicate ideas. 

The lecturers all had a view on what they were looking for in terms of 

bcha\.ioural outcomes but how were they assessed and what was the 

rcquircd standard? 

“They have to conic and give us a brief as a team and part 

of the brief is that all members of the team must have their 

input. the whole thing is put across to us as a designer 

clicnt. They want to show us they are the best team to do 

this work.” (ML6) 

“Generally threc of us are in the meeting with the students 

and then between the three of us, once they have actually 

left the room, we will discuss what we thought were the 

particular strong points and what were their weaker 

points.” (ML7) 
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“The biggest test is whether the report could be handed 

over to a constructing unit to carry out the task. That is the 

biggest test and then more critically we are looking at the 

actual design itself. We are not just looking at what is 

produced here. We will have interviews with the student 

or the team as whole. We will look at them as a design 

team. We will have talks on a regular basis, generally a 

weekly basis.” (ML9) 

There was no feasibility presentation included as part of the electrical 

project, what took place was a series of interviews and correspondence 

between the student teams and the electrical Senior Military Lecturer, 

usually accompanied by one of the lecturers. All the interviews were 

conducted by the Senior Military Lecturer during the middle two weeks of 

the project and were dependent on student progress. Although the Senior 

Military Lecturer ensured all students were interviewed to discuss their 

input and progress, there was no apparent structure in terms of timings of 

the interviews or their content. Unfortunately I was unable to observe these 

interactions and therefore have no evidence of what took place during this 

process. 

As part of the integrated final project for both courses the students gave a 

final design presentation and at the same time they submitted their team’s 

final design report. The final design presentation took a similar format to the 

feasibility presentation and the marks were discussed and awarded after the 

presentation. I observed this process and found that the military head of 

department was also present, thus making an assessment team of four 

lecturers. No formal marking schedule was used. Each of the students 

presented an element of the design solution and answered questions on the 

solution presented. The subsequent discussion between the lecturers centred 

on the feasibility of the design solution presented to them in each of the 

areas and whether the complete design solution was a solution they thought 

would work. At no time were any behavioural outcomes or attitudes 

discussed, questions like ‘how did he argue his case’ were not addressed. 

There were no performance criteria explicitly stated for these behavioural 
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outcomes and it is not surprising then that the process by which they were 

supposed to be measured did not do so formally. There was evidence to 

suggest the way the students’ behaviour was assessed throughout the course 

and that through the use of the lecturers as the assessors compensation for 

the students was occurring. An example of how the lecturers were 

compensating the students is given in the part of the transcript with CL10. 

DB: “If I were to ask you who was the best at this or that 

would you be able to tell me?’ 

CLIO: “1 think yes, certainly. I could discuss it and give an 

opinion of each student.” 

DB: ”And how are you developing that view of the 

student?” 

CLIO: “By performance in the classroom, by students 

themselves having to stand up and present something, just 

meeting the students generally, that’s how I form an 

opinion.” 

DB: “Does this view influence your interpretation and 

assessment of projects?” 

CLIO: “Perhaps unconsciously. I suppose in some 

respects yes. If I am reading something written by a 

student I feel has not got the grasp of writing it in a logical 

way but I think well okay, I know this guy, and the way he 

thinks and speaks, but he can’t write it down then this 

perhaps influences the way I assess his work. I find it 

difficult to ans\ver honestly. except that I do look at a 

student and think is he a confident, go ahead guy.” 

Thc project marking guides show that the emphasis of the recorded marks 

was firmly placed on the design solution presented in the design report and 

the final presentation. What was being assessed was the ability to produce a 

technically correct design and an accompanying report. However, the 

marking guides contained many criteria to assess and 1 found no evidence of 

the standard against which the criteria should be measured. The problem 

surfacing yet again is that of domain specification, the lecturers have ended 

108 



up with narrow and numerous criteria that appear to be easy to measure and 

in danger of becoming meaningless by allowing the lecturers to compensate 

for the students when allocating marks to the criteria. 

The lecturers acknowledged that the courses should be designed to meet the 

Army training objectives because the students that graduate will join the 

Field Army as Clerk of Works engineers, yet the assessment has focused on 

academic measures rather than simulated work based methods i.e. the design 

projects. BTEC considered that projects were essential in assessing process- 

based objectives and the BTEC moderator was pleased to see the emphasis 

that was placed on the use of design projects to assess the students on the 

courses. As the simulated work based assessment used to assess the students 

on both courses, there was a fundamental problem with the marking criteria 

and with the interpretation of the results. The design projects should be 

assessing criteria or outcomes from the cognitive, affective and behavioural 

domains related to the occupation i.e. military engineering. The evidence 

shows that the formal assessment of the projects contains only a small 

element associated with behavioural outcomes and in fact the students are 

being assessed against these outcomes throughout the course and in a 

number of ways. The claim was made by the lecturers that they produce 

what the Army wants, individuals that can do the job of a Clerk of Works. 

But is this really the case and is the claim being made for the results of the 

formal assessment? 

“DB: Are the design projects actually going to assess 

whether they can do the job or not? 

ML8: Yes, to a certain extent. But it is something 

that they are not going to be able to do properly. They can 

do the project now, get a mark for it, come back in three 

years time when they have done it for real and do the 

project and they would do it a totally different way. 

Because their knowledge is a thing that you can’t give 

them, okay two years [on the course] is a long time, but 

you can’t get them to go out and practice all the things.” 
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Another example is given below. 

“DB: They do the two year course, they get assessed and 

then go out and do the job. How well do you think the 

course assesses them in terms of going out and being a 

good engineer? 

CLIO: I find that difficult to answer. I feel that the 

assessment on the course assesses that they have retained 

knowledge of what they have just been taught and I think 

the course as a whole teaches them sufficient knowledge 

to be able to go out there with some confidence and 

approach engineering tasks. I think it does it well but the 

big thing that brings them on to being a good engineer is 

not just the course but experience that they gain once they 

have left the course. I don’t think they can gain enough 

experience in the particular subject matter that they cover, 

they can gain the knowledge but the experience is not 

going to come until they begin on the attachment. I would 

say, and I am perhaps really talking about myself now, 

that when I left the course many years ago if someone 

asked me if I were a good engineer I couldn’t have even 

said I was a confident engineer on leaving the course. But 

once you get into doing particular tasks, real tasks on the 

ground. building your experience then hopefully you 

become a good engineer. The course as a whole is going to 

be a foundation to the guy becoming a good engineer.” 

There is a major implication from the above statements. The claim being 

made for the assessment was that the students that pass the assessment 

should be capable of developing into competent Clerk of Works engineers 

as they gain experience. There is a clear link to Vincenti’s (1993) view that 

personal knowledge is an essential part of being an engineer and this 

knowledge cannot be taught in the classroom it can only be learned through 

practical experience. In the light of Vincenti’s (1993) and Glaser’s (1993) 
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distinction between novices and experts, the results of the assessment 

produces novices lacking the personal knowledge of the more experienced, 

expert, Clerk of Works engineers. However the Field Army expects the 

graduates to be competent military engineers on completion of the training 

courses so there is evidence of a possible mismatch occurring between 

expectations of and what can be reasonably achieved through training. The 

expectations of the Field Army concerning the competence of the graduates 

should encompass Eraut’s (1994) two dimensions, scope and quality 

discussed on page 30, and the notion of competence based on a model of 

progression and lifelong professional learning. There is one element on the 

course that docs involve practical experience, the industrial attachment, and 

this n ill no\\ be discussed. 

The Industrial Attachment 

The purpose of the six-week industrial attachment at the end of the course 

was to g i w  the students the opportunity to work in the engineering 

community. An opportunity to learn what Vincenti (1993) referred to as 

judgcnicntal skills such as insight, imagination and intuition, which are 

mostly tacit and learned through practical experience. Although knowing 

hon to use these skills, this knowledge, becomes an individual thing based 

on the wide range of experience that will be different for each Clerk of 

U’orks cnginecr \\orking in the Army, this phase was seen as learning to do 

it for rcal. The lecturers and the students considered this to be the key 

elcmcnt of the course, and i t  is supported by Wolfs  (1996) view that direct 

assessnieni could be replaced by experience to help combat the problem of 

assessing objectives and outcomes. Vincenti (1993) considered the 

catcgorics practical considerations and design instrumentalities could not be 

taught iii class and lcarned only through experience. The following quotes 

reflect the importance the lecturers placed on the attachment. 

“The attachment puts them [the students] into a real life 

working environment to increase their confidence through 

knowing that what they have done on the course is 
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actually or can actually be used in a real life situation.” 

(CL10) 

“The attachment is important because they have only ever 

done it in the classroom and on paper before, and they 

haven’t got the confidence that they are right. They have 

designed a pipe over a hill and into a water treatment, but 

if it doesn’t work it doesn’t matter. It’s on paper. And 

they haven’t got the experience to know that it will work. 

Then if it was on paper, did it work, or it might have done. 

It doesn’t help your confidence. If you go out there and 

somebody gives you a job and says “make this work” and 

L~.ou] apply the same theories, then it works, then the 

confidence is there, that’s the thing they need which you 

can’t give on paper.” (ML7) 

“I think it [the attachnient] is very important. I would class 

i t  as an important stepping stone from the formal learning 

procedure they have just gone through to putting it into 

practice where they are literally going to be put on the spot 

everyday of the week. It [the attachment] gives them a 

chance to practice what they learnt on the course prior to 

their military posting. Again it is a boost in confidence 

because they do then tend to know that they know more 

than they think they do.” (ML9) 

There was no formal assessment of this phase. The students were assessed 

by whomever they worked for during the phase, and one of the military 

lecturers visited them once during the attachment. 

“There is not much assessment done other than a visit by 

the staff to the engineer [civilian mentor] employing the 

student and discussing with him how the student is getting 

on.” (ML9) 
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The students then are given the opportunity to develop as engineers through 
practice in the civilian engineering community. The assessment of this 

phase was based on the mentors’ view of how the student performed and 

was weighted as 4.2% of the overall mark on the electrical course and 0% 

on the mechanical course. The purpose of the attachment was not really then 

to assess the students’ performance but to give them an opportunity to cany 

out engineering tasks in the real world which would support the views put 

fonvard by Wolf (1996) and Vincenti (1993). The statements from the 

lecturers suggested the attachment was very important in terms of 

developing the students but this is not really reflected in the overall marks, 

the results. of the assessment. The difficulty faced by both the mentors and 

the lecturcrs is again that of specifying the domain and the performance 

critcria that should be assessed on the attachment. This problem is further 

exacerbated by the fact that the experiences were different for each student, 

most arranged their own industrial sponsor, and that the attachments were 

carried out in civilian and not military environments. 

Other Evidence 

Introduction 

The data presented thus far has referred directly to the assessment process 

and the lecturers’ involvement in that process. The purpose of this section is 

to present the views of the students. serving Clerks of Works and their 

employing officers. 1 have included comments from the BTEC Moderator in 

the earlier sections. This section is a discussion of other evidence against 

which the assessment and the judgements made by the lecturers will be 

evaluated, a point seen as important by Messick (1989) because the 

fallibility of expert judgement should be evaluated on the basis of other 

evidence. I will begin this section by evaluating the data from the students 

and then the data from the TDT (1999) Review discussed earlier. 
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The Students’ Perception 

Working under pressure 

Communication skills 

Motivation 

I considered the students’ views were important because they supplied other 

evidence about the assessment process in terms of the theoretical criteria 

against which the validity of the assessment is being measured. The total 

number of students on the courses during my study was 34. The data 

presented originates from the student questionnaires and the student 

interviews. This section will focus on the students’ views on the assessment 

process and the comparison of their views with the data presented in the 

earlier sections. The emphasis will be on assessing the construct and the 

interpretation and use of the results of the assessment. 

Formally Informally 

Yes No Yes No 

27 7 33 1 

31 3 21 7 

29 5 33 1 

The students supported fully that the academic content of the curriculum 

was well represented in the assessment process and that written 

examinations and design projects assessed what they had been taught in 

class. They saw the written examinations as most important in assessing 

BTEC objectives and the design projects as most important in assessing the 

military objectives. The students indicated (Ql, 42, S1, S2, S4) that they 

felt the purpose of all the design projects was to assess their problem- 

solving skills, understanding of the subject matter, and personal qualities. 

The set of personal qualities presented to them was chosen as a result of the 

initial interviews with the lecturers and from the Army and BTEC 

publications discussed earlier. The students were asked to indicate which 

qualities were being assessed formally and informally. The evidence shows 

that the students thought that there were elements from the cognitive and 

affective domains that were being assessed by the lecturers. The evidence 

presented earlier showed that the assessment of these qualities was not 

recorded formally. The results from the student responses were as follows. 
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Determination 

Working as part of a team 

Creativity 

Initiative 

TABLE 5.10. Student respons 

questionnaire. 

31 

3 0  

28 

29 

3 3 3  1 

4 3 3  1 

6 21 I 

5 28 6 

Although 65% of the students indicated that they were clear about what they 

were required to do in terms of output for the projects, 80% indicated that 

the performance criteria used to assess the projects were unclear. Again the 

earlier evidence showed that not only were the marking guides unclear, they 

were not issued to the students which would suggest that the students based 

their responses in Table 5.10 on how they perceived the lecturers assessed 

their progress. This view was supported during the interviews. 

“It’s not clear what they [the lecturers] are looking for. 

They mark the projects based on how they would have 

done it, based on their experience. I think that works okay, 

i t  seems fair.” (S2) 

The evidence suggests that the students were acknowledging the use of the 

lecturers’ judgement as experienced subject matter experts and accepted that 

this was an integral part of the assessment process. One area the students 

were not happy with, and that provided the only instance of possible 

construct irrelevant variance, was their concern over the content of some of 

the written examinations. The student responses to question 3 from the end 

of course questionnaire indicated that 77 % of the students found some 

written examination questions were presented in a confusing manner and 

88 % felt that the confusion could be reduced by relating them directly to 

engineering topics, i.e. giving them face validity. 

“Some exam questions were similar to examples we had 

done in class but others were not like any we had ever 

done before. They [fhe questions] seemed almost like trick 

115 



questions. Variations on a theme are okay but there should 

be limits so that we still understand the question.” (S3) 

The responses to question 5 from the end of course questionnaire showed 

that 91% of the students viewed the written examinations as being the form 

of assessment most likely to predict success in terms of completing the 

course. Only 15 % viewed written examinations as most likely to predict 

future job performance. The students agreed with the lecturers’ view that the 

foundation phase contained the important underpinning knowledge and that 

the assessment of this phase did predict future success but only for passing 

the rcsl of the course, not success in the job. The students typically 

comnicntd that: 

”The maths and science, particularly the maths, will be 

used in other subjects. So yes I think the results from the 

foundation phase are quite accurate in predicting the 

ability to pass the course hut not to do the job.” (SI) 

”This phase tested our ability to absorb knowledge and to 

cope with the pressures of the course. Success during this 

phase will lead to success on the course as a whole.” (S4) 

The studcnts were clear about the interpretation and use of the results of the 

foundallon phase assessment and their views support the work of Williams 

and Borchani (1971). They were not quite so sure about the results of the 

assessment being an indicator of future occupational success. All, loo%, of 

the students viewed the design projects as most likely to predict future job 

pcrforniancc against 65% who considered them most likely to predict 

success in terms of completing the course. The reason given for the 

difference in opinion can be summed up by the following quote. 

”Written exams are testing what I can remember, memory. 

They [the exants] are not telling how well I would do the 

job, what I am able to do. The projects do that.” (S3) 
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The students’ views clearly fell in line with the earlier discussions in this 

Chapter and Chapter 3 on the correlation between assessment methods and 

occupational performance. The design projects were considered by the 

students to be the most likely to predict how good they would perform as an 

engineer because when we get out into the real world that is what we are 

going to be doing (S4). They were concerned with producing a good 

solution because this was what they believed was assessed but they felt this 

was difficult because they did not have the experience to know if their 

solution would work or not, they lacked personal knowledge (Sl, S2, S4). 

Although comments about the industrial attachment were not collected from 

the questionnaire, an oversight that became apparent during the analysis, the 

students were asked to give their views during interview. 

“Yes, I definitely feel confident after the attachment. The 

interaction was good and they [the engineers] said I could 

have a job there anytime.” (S2) 

“The attachment makes you feel better, nobody knows 

how to do the job before then and the experience gives 

you the confidence that you can stand on your own two 

feet.” (S4) 

The students viewed the industrial attachment as an opportunity to get 

experience on-the-job that gave them an indication of how they might 

perform as Clerk of Works. Having completed the assessment process the 

key question was did the students think the course assessed successfully 

their potential to perform well in their future job. The students were asked to 

comment on this in the initial and the end of course questionnaires. The 

initial questionnaires were given to the students to complete a few months 

into the engineering phase and the end of course questionnaires were 

distributed at the end of the course just prior to the industrial attachment 

phase. Their responses are represented graphically in Table 5.1 1. 

117 



20 

15 

10 

5 

0 

IBlnitial Responses I 
OEnd Responses 1 

TABLE 5.1 I .  Student response to question 13 from the initial and end of 

course questionnaire. 

The graphical representation of the student responses to question 13 

indicates an interesting trend. Between completing the initial and end of 

course questionnaires the students had completed the allied and engineering 

phases of the courses. The students when completing the end of course 

questionnaire had carried out. and been assessed on, the design projects and 

the integrated final design project. The earlier evidence showed that the 

students thought the projects tvere the assessment method that would predict 

future occupational perfomiance. However, having completed the projects, 

some of the students revised their opinion of the course assessment with a 

clear shift to\vards the view that their potential to perform well in their 

future roles had not been assessed successfully. As the student 

questionnaires \vue returned anonymously the exact changes in individual 

responses cannot be identified but the downward shifi is clearly evident. 

Further research carried out to identify any further changes in their views 

when the students were 6 months into their jobs as Clerks of Works would 

have been valuable but was beyond the scope of this study. 
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Employing Officers’ and Serving Clerks of Works Perceptions 

Although I was unable to carry out a survey of the perceptions of serving 

Clerk of Works engineers and their employing officers I was able to obtain 

access to a Review of the Clerks of Works employment and training carried 

out by the Training Design Team (TDT, 1999). I have chosen to include the 

an analysis of the Review as its findings highlight a number of issues and 

provide other evidence of the sort that Messick (1989) sees as supporting 

the claim for validity of the assessment. The results of the assessment are 

interpreted by the lecturers as inferring engineering competence on those 

that pass and they are used to post the newly qualified engineers into 

specific military jobs. As stated earlier, the lecturers’ considered the courses 

produced individuals competent to carry out military engineering tasks for 

the Field Army but what other evidence is there that supports their view? 

The Review stated that the Clerk of Works engineers were highly regarded 

for their high technical standards by all employing officers whether these 

officers were Army, RAF or civilian. This was reflected in the following 

quotes taken from the Review (TDT, 1999, p. 12) and regarded by the 

authors as typical comments from employing officers: 

“They [the Clerk of Worh engineers] provide a unique 

capability which, if you [the British A m y ]  loose it, you 

will not be able to regenerate it easily.” 

(German Army Officer in Bosnia) 

“Clerks of Works are worth their weight in gold.” 

(British Army Officer) 

“My Clerks of Works worked absolutely flat out in 

Bosnia ... I could have used another I O  ... the hardest 

workers in the Regiment.” 

(Head of G4 Estates, Civil Servant) 
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"Clerks of Works are essential to me and essential to the 

Army." (Deputy Garrison Commander, RAF Officer) 

The Review indicated that experienced Clerk of Works engineers were 

considered to have played a key role in the success of the Corps of Royal 

Engineers in recent years, notably in Northern Ireland and Bosnia. In the 

case of Bosnia the Clerk of Works engineers earned an enviably high 

reputation in the eyes of other NATO nations. They were seen by employing 

officers as the basic building blocks of the specialist component of the 

Corps, providing the necessary supervisory and managerial engineering 

expertise without which the regiments could not carry out their military 

tasks. This was evidence that supported the lecturers' view that the Army 

did get military engineers who were considered competent in their roles as 

Clerks of Works. However the Review presented evidence to suggest that 

the newly graduated Clerk of Works engineer did not arrive in the Field 

A m y  ready made for such accolades. Before I discuss this evidence I will 

deal with the issue discussed earlier in this chapter, how the requirements 

for the BTEC HND and the Army Training Objectives were dealt with. 

The Review reported that the retention of the BTEC "L) accreditation was 

essential as the award was seen as a recruiting incentive, a vital prerequisite 

for subsequent qualification as an Incorporated Engineer and as a method of 

ensuring the training delivered reflected current civilian best practice. The 

Review also acknowledged that there was a difficulty with the current Army 

training objectives for the courses that needed to be addressed. It was stated 

that the current training objectives were neither valid nor auditable. The 

Review recommended that the courses must in future have bona fide 

training objectives in full accordance with the Systems Approach to 

Training methodology. As stated earlier, the process of producing new 

training objectives is underway but the lecturers remain sceptical about the 

outcome. Due to the recognized inadequacy of the existing training 

objectives the Review stated that the individual lecturers had considerable 

latitude to change aspects of the curriculum without formally making any 

concomitant amendments to the existing course training objectives. It was 

seen as essential that the majority of the Clerk of Works course lecturers 
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should therefore be military to ensure that the appropriate interpretation of 

civilian standards and their military application is taught (TDT, 1999, p. 3). 

The Review indicated that the practical experience of the lecturers was 

viewed by the Army, the employing officers, and serving Clerks of Works 

as being critical to the process of course design and assessment. The 

implication is that support was being expressed for the system described in 

the earlier sections of this chapter, that the BTEC HND set and validated the 

standard for the academic content and the military lecturers set and 

measured the standard for occupational performance. But does this 

symbiosis by itself produce the Clerk of Works described at the beginning 

of the sccrion? 

The Iccrurcrs’ claim was that they produced what the Army wanted but that 

the nc\\I! graduated Clerk of Works engineer still lacked the experience 

nccded to dcvelop their personal knowledge. The Review stated that there 

was an almost universally positive view of the Clerk of Works engineers’ 

ability IO produce a flawless technical report. However, it was reported that 

newly graduated military engineers had a tendency to perceive that this was 

the only acceptable approach. Although the employing officers were very 

iniprcsscd they expressed a 

discernible vein of frustration about the preference of 

some Clerks of Works for the most technically perfect and 

claboratc engineering solution no matter how minor the 

problem. (TDT. 1999, p. 28) 

According 10 the Review. employing officers stated that solutions produced 

were somctimcs roo expensive and utterly impractical to build within the 

liniirs of time. money. labour. and the materials that were actually available. 

Thc Rcvie\v stared thcrc was evidence that the employing officers said that 

some Clcrk of Works engineers produced reports that went into immense 

detail and were excessively lengthy. The reason the Review cites for this 

can be summed up by the following quote. 
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Clerks of Works training at the RSME places great 

emphasis on technical excellence and the highest possible 

technical standards. Afier almost two years of being 

imbued with this ethos it is not surprising that the newly 

graduated Clerk of Works has a tendency to perceive that 

this is the only acceptable approach. 

(TDT, 1999, p.29) 

In contrast to the comments about the newly graduated Clerks of Works, it 

was stated that the more experienced Clerk of Works engineers exhibited a 

more pragmatic and flexible attitude towards engineering solutions and 

writing of the accompanying reports. They had taken a reality pill that 

brorcgh~ them down to earth in design, report writing and implementation 

mutters (TDT, 1999, p. 30). So the Clerk of Works engineers were not 

worth their weight in gold until they had developed personal knowledge 

gained from experience. The evidence presented in the Review suggests that 

graduating Clerk of Works engineers had the technical ability to produce a 

flawless solution but lacked the experience to see what the real time solution 

should be. A view that supports the earlier evidence, the importance 

Vincenti (1993) gives to practical experience in the development of 

engineers, and the distinction between experts and novices. 

Summary of the Chapter 

in this chapter I have presented and analysed data that has enabled the 

collection of evidence from which conclusions can be drawn about the 

validity of the assessment. The chapter began by looking at the way the 

Army Training Organisation. BTEC and the lecturers dealt with the 

concepts of validity moving on to look at the Army and BTEC systems for 

defining the construct. The main part of this chapter focused on the 

assessment process. The assessment process was broken down into three 

sections, the course assessment programmes, the assessment methods and 

how the lecturers carried out the assessment. The final section presented the 

data from other sources, i.e. the students, serving Clerk of Works engineers 
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and their employing officers. I will now draw on the evidence presented in 

this chapter to present my conclusions. 
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CHAPTER 6 

Conclusions 

The conclusions of my study are divided into three sections. The first 

section presents my conclusions about the validity of the assessment. The 

second section presents what I consider to be the implications of my 

findings to those involved with occupational training and education at the 

RSME and at other educational institutions. In the third section I will 

discuss the implications that have arisen from the process of conducting the 

study. This section will be of relevance to educational researchers concerned 

in particular with exploring issues of assessment and validity. 

Conclusions from the Data and its Analysis 

The aini of my study was to test my hypothesis that the assessment of the 

Clerk of Works students was valid and to establish the nature of that 

validity. I set out to establish the source of validity, whether the assessment 

was, in some form, valid due to the explicit intention of those responsible 

for the assessment process or due to the nature of the assessment process 

inherent in the organisation. The Army Training Organisation and BTEC 

defined a valid assessment as one that measures what it is supposed to 

measure, a simple statement that would appear to be easy to understand and 

easy to meet. Guidance from the Army Training Organisation and BTEC on 

how to ensure an assessment was valid, either in terms of designing a new 

assessment or evaluating an existing assessment, was limited. Of the types 

of validity discussed in Chapter 3, only face validity was identified as a 

particular type. There was no reference by the Army Training Organisation 

or BTEC to the three main types of validity defined by Guion (1980) and 

Wood (1991) as content, construct and criterion-related validity. The Army 

and BTEC focused on the need for sampling of the domain by use of a 

number and range of different assessment methods. In these terms a valid 

assessment measures, through adequate sampling, what it is supposed to 

measure. If the whnt is a well defined construct then it would be reasonable 

to conclude that validity was being conceptualized as construct validity. If 
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what is supposed to be measured is the construct and this is clearly defined 

and measured then the assessment will be valid and the results can be used 

to place graduates into the Field Army as Clerk of Works engineers. The 

problem lies in defining the construct and hence domain specification, a 

problem area that was shown on page 31 to have been widely recognized by 

those concerned with competence-based systems. 

The Army system of defining the construct based on a job analysis and the 

development of training objectives appears on paper to meet the 

requirements of a competence-based system perfectly. The Army focus was 

placed on the key purposes and functions of the occupation, a key 

requirement highlighted by Eraut (1994) and Wolf (1995, 1996). If the 

construct was clearly defined and assessed by effective simulation and 

sampling then the evidence from the studies critiqued by Wolf (1995) 

suggests that the Army system, supported by the BTEC system, would 

provide a valid form of assessment of occupational performance. However 

the evidence presented from the lecturers, the TDT Review (1999) and the 

Army Training Organisation themselves, through their publications, showed 

that the construct military engineering competence could not be clearly 

defined using the Army Systems Approach to Training process. The process 

could not specify the domains clearly and unambiguously. The domains 

identified. cognitive and affective, matched those from Imrie’s (1995) 

discussion of engineering taxonomies, however the Army Training 

Organisation stated that they believed it was only possible to be precise both 

in statements of required behaviour and in the measurement of achievement 

for simpler levels of knowledge and procedure. It was evident from the data 

presented that between 1976 and 1998, apart from an ill-fated attempt in 

1989. no serious effort had been made to produce a definitive set of training 

objectives. The accreditation of the course with BTEC supplied a generic 

model around which the lecturers could base the content of the course but 

this could not, and indeed did not lead directly to a definition of the 

construct military engineering competence. The responsibility was passed to 

the lecturers as subject matter experts and experienced Clerk of Works 

engineers to define the construct based on their own internalized model and 

they did not refer to the guidance from either the Army Training 
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Organisation or BTEC. This leads to the conclusion that neither the Army 

Training Organisation nor BTEC can be considered to be an explicit source 

of the validity of the assessment. 

The lecturers considered the main aim of the course was to produce a 

competent military engineer able to do the job of a Clerk of Works. The 

award of the BTEC HND was seen as providing a means of comparison 

with other military and civilian courses and as an incentive to the students to 

come on the course as they would gain a recognized civilian qualification. 

The amalgamation of the occupational requirement and the generic 

acadcniic rcquirement resulted in an emphasis on the academic rather than 

pcrfoomiance measures. The evidence from the analysis of the assessment 

proccss indicated that the lecturers had not clearly defined the construct 

inilltar\ engineering competence in terms of specified domains, 

performance criteria, and the standards to be met. The lecturers did not 

approach the assessment process with the explicit aim of ensuring validity 

\vas designed into the process. The lecturers therefore cannot be considered 

IO be an cxplicit source of validity and hence the conclusion drawn is that it 

is the inhcrcnt characteristics of the assessment process that provides the 

source of the validity of the assessment. 

I t  is at this point that the theoretical criteria, developed from Messick's 

( 19921 set of questions. against which I set out to evaluate the validity of the 

assessiiicnt can be addressed. The first four of the theoretical criteria, shown 

bclo\v. focused on the assessment itself. and dealt with the evidential basis 

of validity in tcrnis of Messick's (1989) four facets of validity that make up 

the unitap concept. 

The construct is  represented in the assessment in sufficient breadth and 

dcpth. 

Important elements of the construct have not been omitted from the 

assessment. 

The assessment does not introduce sources of invalidity or irrelevant 

variance that bias the scores orjudgements. 

126 



The way the assessment is marked reflects the manner in which domain 

processes combine to produce effects and is consistent with the structure 

of the domain about which inferences are to be drawn or predictions 

made. 

The evidence indicated that the construct, military engineering competence, 

was not well represented in the assessment. There was sufficient evidence to 

suggest the subject domains, e.g. mathematics, physics, heating, electrical 

transmission and distribution, were well represented both in the written 

examinations and in the design projects. In this respect, the first four of 

Vincenti’s ( I  993) categories of engineering knowledge discussed in Chapter 

3, i.e. fundamental design concepts, criteria and specifications, theoretical 

tools, and quantitative data, were well represented in the assessment. The 

responses from the students indicated that they felt all the assessment 

methods assessed what was taught in class and due to the use of textbooks 

and BTEC unit specifications I feel that what was taught represented the 

academic curriculum content, the subject domains. There was some 

evidence that the lecturers were attempting to assess cognitive skills and 

behavioural outcomes, the cognitive and affective domains, but not in a 

formal manner using clear, unambiguous outcomes or criteria against which 

performance was assessed and recorded. The design projects represented the 

simulated work based tasks and the way that they were marked was not 

consistent with the inference that the projects were assessing the construct 

military engineering competence. The absence of any clear performance 

criteria and standards against which to measure the criteria meant that the 

only way that the marking system would be a consistent measure of the 

construct would be through the use of the lecturers’ judgement. There was 

some evidence of compensation occurring but there was insufficient 

evidence to conclude that bias or compensation of the marks awarded for the 

project was taking place. The lack of Army training objectives meant that 

the assessment could not be structured around the results of the job analysis 

system. The BTEC unit specifications provided the lecturers with a 

framework on which to base their teaching and assessment of learning, there 

was a requirement for accreditation of the courses, and visits from the 

BTEC moderator involved reviewing the assessment of the students. The 
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use of written examinations and project marking guides that focused on 

technical design solutions made marking and aggregation an easier formal 

process to manage. It was very dificult to find evidence of construct 

irrelevant variance in the assessment, as in many cases I was not a subject 

matter expert. The evidence from the students suggests it is possible there 

was some degree of irrelevant variance present in the examinations and 

projects. However I have no supporting evidence of this and I feel any 

conclusions 1 may draw with regard to irrelevant variance could not be 

substantiated from the evidence presented. 

There \vas evidence to conclude that the assessment had content validity, the 

assessment measured what was taught but what was taught was essentially 

from the subject domain and linked to the BTEC unit specification and the 

textbooks. The problem with drawing conclusions based on the evidence 

presented is that at no time was data collected from the teaching 

environment and therefore no empirical evidence has been presented in 

support of this conclusions. The content of the project marking guides 

indicated that the students were given marks for technical content and not 

how they carried out the design individually and as teams, how they 

conceptualized and how they communicated their design solutions. The 

assessment methods used were appropriate as a measure of student learning, 

the use of laboratory assignments, written examinations, design projects and 

the industrial attachment showed that a range of methods were used. The 

methods were relevant to the assessment of military engineering 

competence and presented no problems in terms of their utility. However 

there was evidence that showed the way the design projects were marked 

did not meet the last of the four criteria listed earlier. Although the lecturers 

described elenients of the assessnicnt process where they assessed cognitive 

skills and behavioural outcomes, and this was supported by student data, the 

documentary evidence showed few, if any, marks were recorded against 

these elements. The lecturers could be seen as an implicit source of validity 

due to the use of their professional judgement but the processes that would 

have ensured explicit consideration of the construct and consensus among 

the lecturers were not sufficient. Hence the implicit element that rested on 

the use of the lecturers’ professional judgement could not be considered 
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adequate to ensure validity of the assessment. The findings from my study 

lead to the conclusion that the construct was clearly defined in terms of 

academic curriculum content but not in terms of cognitive skills and 

behavioural outcomes. The construct military engineering competence was 

not being represented adequately in the assessment and any claim made for 

construct validity would be unsubstantiated. 

The next issue is that of the interpretation and use of the results of the 

assessment and the associated consequences. The last four theoretical 

criteria were concerned with interpretation and use of results and the 

consequential validity of the assessment. 

The results of the assessment can be interpreted to mean students that 

pass have demonstrated the required level of performance to be 

considered competent military engineers. 

The results of the assessment can be used to place graduates of the 

courses into jobs in the Field Army. 

A consequence of interpretation and use of the results of the assessment 

is that graduates go on to perform successfully in their occupational role. 

A consequence of interpretation and use of the results of the assessment 

is that there is a positive impact on the teaching and learning process. 

The results of the assessment could not be interpreted to indicate that 

graduates had demonstrated the required level of performance to be 

considered competent military engineers. There was strong evidence to 

suggest that the graduates could be classified as novices lacking in the 

personal knowledge required to become expert Clerk of Works. The 

lecturers and the students recognized the lack of experience and the fact that 

it limited the scope and quality, using Eraut’s (1994) terminology, of what 

they were able to do. The evidence from the TDT Review (1999) reinforces 

the point that before they become experienced the newly qualified Clerk of 

Works rely on their ability to produce a technically correct design solution 

in the way they had been taught to do through the use of the design projects. 

So could the results be used to place graduates in jobs as Clerk of Works in 

the Field Army? The conclusion is yes, the results could be used in this way 
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but with reservations. The evidence kom the TDT Review (1999) suggests 

that the expectation of the employing officers was that the graduates would 

arrive competent to do the job and this included having developed suMicient 

personal knowledge. In view of the evidence, this expectation was too high 

to be achieved. The claim made by the lecturers that they produced what the 

Army wanted was supported by the employing officers’ view of the 

experienced Clerk of Works. The implication was that a consequence of the 

interpretation and use of the results was that graduates go on to perform 

successfully and therefore there must be a strong correlation between the 

result of the assessment and future occupational performance. The result of 

the assessment is derived from academic measures and as Wolf (1995) 

stated from her critique of the relevant studies the correlation between 

academic measures and occupational performance is low. There was 

agreement between the lecturers and the students that the results of the 

assessment, particularly in the foundation phase, were a predictor of the 

students’ ability to pass the course. Their views were supported by the study 

of Williams and Boreham (1971). From the available evidence, my 

conclusion is that the majority of graduates, after experience in the job, do 

go on to perform successfully as Clerk of Works engineers. However, the 

successful future performance of the graduates is not necessarily as a result 

of the assessment and I would conclude that the results of the assessment 

should not be interpreted and used as a predictor of future performance. 

Further research, discussed in the next chapter, is required in this area but 

was beyond the scope of my study. 

The view was expressed in the theoretical discussion that systematic validity 

of the assessment as described by Frederiksen and Collins (1989) would be 

present if there was a positive impact on teaching and learning as a result of 

the interpretation and use of the results of the assessment. The students were 

learning to be military engineers by doing the projects and through the 

interaction with the lecturers, formally and informally, and there was 

evidence of the directness of cognitive assessment and judgement in 

assigning a score. Seeking evidence for systematic validity required looking 

at teaching, learning and assessment in much greater depth than took place 

in my study. Hence I feel I have insufficient evidence to draw any 
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conclusion about the systematic validity of the assessment. 

Having evaluated the validity of the assessment against the theoretical 

criteria what conclusion can be drawn about the validity in terns of the 

unitary concept? The construct being assessed was military engineering 

competence and the claim being made for the results of the assessment was 

that the results could be interpreted and used to place graduates into jobs as 

Clerk of Works engineers. The consequence of the use and interpretation 

was that the graduates required a period of experience before they were 

considcrcd to be good Clerk of Works. In light of the evidence presented, 

thc theoretical criteria against which the validity of the assessment was 

being nicasurcd were not satisfied sufficiently to conclude the assessment 

\vas valid in terms of the unitary concept. 

The Implications of the Findings from My Study 

Thcre are implications from the findings of my study that are significant to 

thc Army. BTEC and the lecturers involved in assessment of the students at 

the RSXlE and to educators and trainers working in other educational 

instittitions. The implications are centred on four areas, defining the 

construct. the use of subject matter experts in the assessment process, 

accrcditaiion of occupational courses for civilian qualifications, and the 

claims made for the assessment in relation to future occupational 

performance. 

The findings from my study emphasized the problems associated with 

defining and assessing competence as a construct. Defining the construct 

military engineering competence in terms of defined performance criteria 

that werc meaningful and assessable did not occur. There were no clear 

criteria to measure cognitive skills or behavioural outcomes. The construct 

\vas not being specified clearly and unambiguously and the way around this 

problem was seen to be to employ experienced Clerk of Works engineers, 

experts, as lecturers. The military experts, the people with experience of 

doing the job, were given the task of training and assessing the students. The 

purpose of employing these experts in the role of the deliverers of the 
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training can be seen as twofold, to define the construct and to assess the 

construct. A number of assumptions are being made here. 

The experts can define the construct explicitly. 

They can teach to the construct they define. 

They can design an assessment that will be a valid assessment of that 

construct. 

They can define the performance standards against which to measure 

the performance criteria developed from the construct. 

They will not bias or compensate student results based on their own 

individual internalized, holistic models of the construct. 

The findings from my study indicated that the expert engineers did not meet 

the requirements of any of the above statements. The implication from my 

findings is that all the above are difficult to do when dealing with constructs 

such as military engineering competence. If subject matter experts are to do 

these things successfully then there must be an appreciation that they are 

experts in their field, not experts in competence-based assessment. 

Therefore 1 fully support the views of Burchell et al, (1999), Dunbar et al, 

(1991). Eraut. (1994). Linn, (1993), and Kane, (1994) that the training of 

these experts, who use professional judgement to define the construct and 

design assessment, has a critical part to play. The training does not need to 

lead to an understanding of the theoretical discussion on concepts of validity 

presented in my study. If the training results in clearly specified domains 

that are represented adequately in the assessment then the concept of a valid 

assessment measuring what it is supposed to measure would suffice. The 

main point is that appointing subject matter experts is not enough, they must 

be given training and guidance if  they are to come close to achieving what is 

expected of them i.e. a valid assessment of the construct. 

There are implications that have arisen from the accreditation of the course 

with BTEC. On the positive side accreditation introduces a means of 

externally moderating the course and this would bring with it comparability 

and, perhaps, reliability of the assessment. The findings from my study 

suggest that the amalgamation of an occupational engineering course with a 
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generic engineering course had a positive and negative impact. The BTEC 

accreditation and use of the unit specifications supplied a structure to the 

course and brought with it a certain academic rigour. In doing so, the 

positive impact was that the reliability and comparability of the results of 

the assessment was likely to be enhanced. The negative impact was that the 

course content was structured around the BTEC units and although the 

BTEC moderator and the lecturers suggested design projects played a major 

role in the assessment, the assessment relied heavily on academic measures. 

The implication of the BTEC involvement was that the assessment moved 

away from rather than towards assessing performance criteria that related to 

the construct, military engineering competence. Wolfs (1995) critique of 

studies concerned with the correlation between the results of the assessment 

and occupational performance would support the view that the incorporation 

of the BTEC HND resulted in an assessment process that reduced the 

likelihood of the results being a good predictor of future occupational 

perfomlance. There is justification for accrediting occupational courses with 

qualifications like the BTEC HND. However care must be taken to ensure 

the effect of accreditation is not to move away from the purpose of the 

assessment in terms of the how the results of the assessment are to be 

interpreted and used. 

There is a very clear implication that has emerged from my findings and it is 

concerned with what claims can be made for an assessment of occupational 

competence carried out at an educational establishment. There must be a 

match bet\veen \\.hat the results of assessment really mean and what they are 

interpreted to mean. Competence should be viewed in terms of scope and 

quality. as defined by Eraut (1994) and discussed on page 30, and the notion 

that conipetcnce should be based on a model of progression and lifelong 

professional learning. There was ovenvhelniing support for Vincenti’s 

(1993) view that the personal knowledge required of an engineer cannot be 

developed in a classroom setting. The industrial attachment at the end of the 

course was an acknowledgement of this problem and supported Wolfs  

(1996) view that assessment could be substituted for periods of experience. 

The implication from my findings is that the inclusion of a period of work 

experience should be considered an essential aim for all occupational 
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courses of a similar nature to the Clerk of Works courses. 

The Implications from Conducting My Study 

There are two related implications that arose out of conducting my study 

that I consider are relevant to those educational researchers conducting 

studies into assessment and its validity. The first implication was that 

although the initial aim was to conduct a qualitative study employing an 

interpretive approach it became evident that the study would in fact rely on 

both qualitative and quantitative methodology. Although this issue has been 

discussed in Chapter 4 and the rationale explained in terms of analysing the 

data and presenting it within a military culture, there is an implication that 

arises out of my study. It would have been very difficult to conduct a study 

into the validity of assessment in terms of the unitary concept due to the 

number and complexity of the issues involved without employing both 

qualitative and quantitative methods. 

In the introduction to Chapter 3 I stated that validity of assessment was 

widely acknowledged as a very complex and problematic concept. The 

development of the theoretical criteria I used in my study that were 

developed from Messick’s (1992) set of questions and designed to evaluate 

the validity of the assessment in terms of the unitary concept further 

indicated the complexity of the issues. The discussion of the works of 

Frederikson and Collins (1989), Linn, Baker and Dunbar (1991), Hickey, 

Wolfe and Kindfield (1999), and Shepard (1993) highlighted this still 

further. Carrying out my study has confirmed for me the relevance of Gipps’ 

(1995) view that using Messick’s model leads to the need to address 

validation requirements of extensive proportions. Although I tried to collect 

data that related to all the theoretical criteria I had developed, generating 

both qualitative and quantitative data in the process, it became evident that 

individual studies would be needed to address adequately some of the 

criterion. Examples of this would be the need to study the teaching and 

learning process to address the issues of construct representation and 

systematic validity, and to study longitudinal occupational success to 

address issues of consequential validity. The implication from my study to 
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other educational researchers is that the validity of assessment is indeed a 

complex and problematic area. Careful thought should be given to the aim 

of the research, the form the study will take, and the breadth and depth of 

any exploration into assessment and its validity. 
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CHAPTER 7 

An Evaluation of My Study 

Introduction 

In this, the final chapter, I will reflect on and evaluate my study in terms of 

the process of conducting it, the contribution to the theory and practice of 

education. and the identification of areas for future research. In evaluating 

the process I will look at how I could have approached areas of the study 

diffcrcntl!. how some opportunities were missed and how others could have 

hceii c\plorcd further. Then I will discuss how my findings have, or will be, 

presented to the RSME and how I intend to circulate it to a wider audience. 

FiiiaII!. I \\ 111 discuss possible areas for future research. 

Evaluation of the Process 

The first lesson I have learned is that to conduct quality research and 

produce nark of value to the community to which it belongs, the researcher 

must develop or already possess three things. The first is a thorough grasp 

or  thc situation mithin which the research is to be conducted. The second is 

a sound theoretical knowjledge of the subject areas being researched. The 

third. arguably the starting point from which the research begins, is an idea 

or the ti!.pothcscs. and/or the research questions, to be investigated. 

M y  own starting point for the journey that lead to the production of this 

disscrtation \vas that I \vanted to explore the issues concerned with the 

validity of assessment. My research began with the simple question in what 

\vay \vas ensheering assessment valid. This was a question that was 

extremely relevant to my work at the RSME as I trained engineers from 

HND up to MSc level. It was of interest to me personally as an engineer, 

and in attempting to answer it 1 felt I would be producing something of 

value to those concerned with the training and assessment of engineers, both 

at the RSME and in general. 
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As I researched the subject area I very quickly became aware that I had 

chosen to address a question to which the answer was in fact far from 

simple. The first problem I had was the inability to find any studies that 

dealt with the issues in a similar manner to the study I had begun to carry 

out. This was both in terms of topic area, the way I was approaching the 

issues and the fact that I was dealing with a unique situation, i.e. the military 

training environment. It was at this point I realized the importance of 

developing a strategy for dealing with the collection and assimilation of the 

current theory and practice contained in accessible literary sources. At first I 

thought I needed only to concentrate on the literature concerned with 

validity and assessment however it soon became evident that I needed to 

look at issues of competence-based assessment and views on the nature of 

engineering competence as a construct. One point I reflected on many times 

during my research was that all the issues I was exploring were extremely 

difficult and complex. It became clear that it was very easy to develop an 

extensive reading list, especially as each area branched out, and it became a 

necessity to establish the relevance of the literature to the study. I read 

considerably more literature than I have discussed in Chapter 3 and Chapter 

4 as this was necessary in order to establish a greater understanding of the 

literature used and its relation to my study. It was also very clear that the 

literature review had to continue throughout the research so that I did not 

miss any recently published works relevant to my own study and therefore 

time had to be allowed for this in my research programme. As my study 

progressed I found I became more efficient at the analytical process, 

extracting the key issues and arguments from a literary text. I believe this 

was helped by the fact that I was becoming more knowledgeable in the 

subject areas and hence more aware of exactly what issues I was trying to 

explore. 

As well as gathering the literature on the subject matter I was also aware of 

the need to look at the methodological issues in a similar manner. I found 

this equally challenging as I became more aware of the quantitative versus 

qualitative debate and the issues involved in choosing a particular 

methodology. I feel that I now have a far greater understanding of these 

issues, as outlined in Chapter 4, and an insight into the world of research 
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that I did not have before I began my study. What also came out of this was 
the recognition of the need to choose the right methods for the collection of 

the data and its analysis. Choosing the methods did not seem to be too 

difficult as I felt my study would involve documents, interviews and 

questionnaires and that these were rather obvious choices. I found I did not 

have any difficulty identifymg the relevant documents nor analysing their 

content. This was almost certainly due to the learning and experience I 

gained from carrying out my literature review. 

I felt that the data collected from the interviews improved as I developed a 

greater feel for what I needed to ask. After the first three interviews they 

becanic considerably longer, more relaxed and more focused on the issues I 

wanted to explore. I became more aware of how to follow up a line of 

questioning and in recognizing the need to probe more deeply to establish 

exactly what the interviewees meant when using particular terms and 

phrases. 

Gathering student data by the use of questionnaires proved to be the most 

enlightening of the three methods. My first questionnaire was issued during 

the initial study stage of my research because 1 wanted to test it out and I 

had to try to get as much data as possible from as many courses as possible. 

I thought I had put together a reasonably good set of questions however it 

became clear to me that i t  \vas in fact poorly constructed. The questions 

were too open. one question was niis-interpreted and another gave the 

students the opportunity to give positives only rather than a balanced view. 

I n  terms of the questions being too open I felt that I was asking for too much 

in the way of descriptive answers from the students. The outcome of this 

\vas t\vofold. first it made i t  harder and more time consuming for the 

students to f i l l  in,  and second it made it more difficult for me to assimilate 

the data produced. This all resulted in spending considerable time and effort 

in developing the two questionnaires included in the appendices. 

As is probably true for most researchers producing a work such as this, I am 

still a little dissatisfied with what I have achieved. Although I focused on 

assessment and collected a great deal of data I missed the opportunity to 
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look in detail at the attachment phase of the courses. I did not at first 

recognize the need and also there were considerable time and travel 

implications. Site visits to observe the students at work, to speak to them, 

their civilian peers and their industrial manager would have been invaluable 

to me in the discussion on performance and hence competence. I would 

have been able to get the views of those working in industry on how well 

the students performed on a range of tasks they dealt with during the 

attachment. 

Although I looked at the Army training objectives and the BTEC unit 

specifications I did not look at what the lecturers taught in the classroom. 

This was because I had decided that their view of the construct would be 

better expressed from how and what they assessed rather than what they 

taught. I still maintain this view, however observing what the lecturers 

presented in class and the interactions between them and the students might 

have produced useful data. It would have provided an insight into the 

consequences of the assessment process in terms of the teaching and 

learning process. I also feel I should have observed the students in the 

process of carrying out their projects. I think this is more an area I could 

have explored further rather than a missed opportunity. I did observe the 

process of assessment of the student projects i.e. the presentations and 

meetings, because I was looking at this as part of the assessment process. 

There were a number of times when I referred back to my initial study 

report submitted as part of the EdD assessment process and used it as the 

guiding reference for my research. However much has been developed since 

then and when I compare the content and style to this, the final dissertation, 

I am quite astonished by the changes I can see that have occurred. 

Obviously the content in all areas has been developed considerably but it is 

the way the content has changed and the way it is now presented that show 

me how much I have developed my own thoughts, ideas and arguments. I 

now recognize how important it is to be able to present them logically and 

coherently. I realize that this research has also been about the developing 

my ability to conceptualize. Even now after reading the completed 

dissertation there were still areas where I felt I could have structured it 
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differently or added some additional data, analysis, or thoughts that might 

have improved it still further. So am I a better researcher now than when I 

began the study? The answer has to be a definite yes. 

Evaluation of the Contribution to the Theory and Practice of 

Education 

All EdD students from my cohort attended a weekend conference and were 

required to deliver a presentation on their research. At the end of my 

presentation I was asked in what way my study of Army training 

contributed to the wider community of educational theory and practice. My 

answer to this was that although the context of my study was military, most 

of the issues contained within it applied equally as well to civilian 

educational institutions. In fact, I believe that the culture within which my 

study is embedded is one that has many rich veins of interest to educators 

and my study is an attempt to deal with just one. I have explored a number 

of complex issues in terms of the validity of assessing engineering 

competence and attempted to deal with them in such a way as to make the 

ideas more accessible and more easily understood. My conclusions in the 

previous chapter highlight the implications of my study to the theory and 

practice of education and my study has already resulted in a number of 

positive moves forward at the RSME. These are: 

A job analysis and review of the training objectives which now involves 

the lecturers in the process. 

The assessment processes for both the electrical and the mechanical 

courses are now being reviewed. 

Meetings between the lecturers are taking place on a regular basis to 

discuss assessment issues. 

As a result of the interview process a number of lecturers have reviewed 

their own input into the assessment process and also have acknowledged 

that the validity of assessment needs to be given proper attention. 

In my view, as an advocate of reflective practice, the influence my study 

has had on all the lecturers has been very positive and it has resulted in a 
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teaching and leaming environment where reflective practice now plays 

an important part. The lecturers have, themselves, become reflective 

practitioners. 

In terms of publication and dissemination of the content of this dissertation 

there are two areas. The first is publication to the military audience. Much 

of my study has already been discussed informally with the lecturers and the 

management at the RSME and a formal presentation will take place towards 

the end of the year. A copy of my dissertation will be placed in their library 

as a reference document. I also aim to publish an article in both the Army 

Doctnne and Training News Journal and the Defence Management Journal. 

In teniis o f  accessing a wider public audience I will be looking to publish in 

appropriatc journals e.g. the European Journal of Engineering Education, at 

a later date. 

Identification of Future Research 

For nie. this study was an exploration into the world of the curriculum, 

assessment and its validity. What I uncovered has certainly lead to a greater 

understanding of the issues on my part and highlighted a number of future 

areas for research. I have no doubt that the nature of military training carried 

out at the RSME presents many opportunities for further research in areas 

that nould add value to the theory and practice of education. All the training 

carried out is occupationally focused, involves the job analysis process, the 

award of a recognized qualification and ranges from basic trade training up 

to MSc level. Those who pass the courses take up jobs within the Field 

Army and most will return to the RSME for further training at some point in 

their carccrs. This all points to a number of areas for further research and 

these arc outlined below. 

The culture of the organisation and the nature of the training make it an 

ideal environment where longitudinal studies of occupational success 

could be carried out successfully. The majority, i f  not all, of the students 

from my study will still be serving as Clerk of Works engineers for at 
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least four years. Researching their development would be one area for 

future consideration. 

The trade training courses, where students return over a number of years 

for class 111, I1 and I trade training would provide a rich source of data in 

a number of areas, for example studies in assessment, learning, 

competence and occupational performance. 

Participation in the community of practice and the transfer of skills is 

another area. A follow up study that focuses on how the students transfer 

learning from the training establishment to their job in the Army would 

be informative and interesting to conduct. This was hinted at in the TDT 

Review, but I believe there is a lot more that could be gained from a 

focused study of the changes the graduates go through and how they 

transfer learning to the working environment. 

There is an internal selection process that is conducted for the trade 

courses and for the Clerks of Works courses and this was not researched 

during my study. 

My study has shown that there is great difficulty in defining the 

construct and assessing it in terms of performance criteria. I established 

that informal assessment was taking place of key elements of the 

construct. I was not concerned with looking at how, for example, the 

affective domain could be defined and formally assessed but I now think 

this is an issue worthy of further exploration. 

The teaching and learning process, what went on in the classroom, was 

not studied in this dissertation and would certainly be an area for future 

research. Especially as it could add to the notion of assessment being a 

tool of the curriculum. 

The uniqueness of my study was that it was conducted at a military 

training establishment. It was a single case study. Research into the 

same issues but at other, similar establishments both military and 

civilian would be another step fonvard. 

I believe there would be much to be gained from further research into any of 

the areas discussed above and that my own research serves as an excellent 

starting point for any such journey. 
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Appendix A 

Doctorate Research - Assessment in Engineering 

Ethical Statement - Staff & Students 

Introduction 

Mr Brooks, the SLec(M), will be conducting research into the assessment of 
engineers over the next four years in order to obtain a Doctorate in 
Education from the Open University. The conclusion of the research will be 
a dissertation entitled ‘Training the Military Engineer - Assessment and its 
Validity’ which will be completed in September 2000. 

Research Ethics 

The research will be conducted in accordance with the ‘Ethical Guidelines 
for Edircrrrional Research’ adopted by the British Educational Research 
Association in 1992, a copy of which can be obtained from Mr Brooks. 

The aim of the research is to examine the methods of assessment used 
throughout the Clerks of Works courses and how they are used to provide 
the quality of engineer required by the Royal Engineers. They will also be 
looked at with regard to how they contribute to the award of the BTEC 
HND. 

All participants will be asked for their consent before any research is 
conducted and they have the right to withdraw from the study at any time. 
Throughout the research the nature of your responses will be known only to 
Mr  Brooks and all responses will be treated in the strictest of confidence. 

All participants will have the right to be informed of the likely publication 
of any findings that could have potential consequences for them and they 
will be given access to such documents. Should any participant withdraw 
from the study at any time, all reference to their individual responses will be 
removed from any publication. 

Format of the Research 

For staff, the research will take the form of interviews with individual staff 
and review of course documents, such as examinations, projects, marking 
schemes, course syllabi etc. For students, the research will take the form of 
student questionnaires and interviews with individual students. At each 
stage the exact nature of the research will be explained and participants will 
again be assured that they will not be identified with their responses. 

DAJ BROOKS 
SLec(M) 
Ext 2398 
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Appendix B 

Short Extract from Interview Transcript - L8 

Interviewer: D A J Brooks (DB) 

Interviewees: Military Lecturer (Mechanical) - (L8) 

Date: 27 April 1999 

Exrrucr from Transcript: 

DB: 

LS: 

DB: 

LS: 

DB: 

LS: 

DB: 

LS: 

DB: 

LS: 

U'hat do you feel the main aims of the Clerks of Works Course are? 

To produce somebody who is not going to be embarrassed when 
they get out there and has to do something. They are going to have 
all the skills to be able to carry out their job, and the Clerks of 
\Vorks job out there is fast, so it is making them grow up into all- 
round individuals with an engineering bent. 

i n  producing this individual what knowledge do you think they need 
to have to be able to do their job? 

They need a fundamental background, a basic foundation to build 
upon. But engineering is so big they can't do everything so they 
ha\e got to know how to build on that basic. The other thing is to 
knou thcir limitations as well. 

\\'hen you say basic foundation, what son of areas are you talking 
about'? 

Generally. physics, how the world works, maths, and then a - <rounding of other subjects. How does water flow in pipes - the full 
in-depth of i t  is knowing there are different ways that it flows. Like 
a bigger pipe \vi11 flow differently to a smaller pipe. So a basis to 
stand i t  all on. 

Spcaking of the \vater - what modules, what engineering knowledge 
are you responsible for? 

The hydraulics and water supply, including water treatment, pipes, 
pumps. hydrostatics. storage, air conditioning and psychometric 
processes through plant design and controls. I also do the small 
modules. climatology and medical gases. 

How is it defined what you are going to teach in the modules? 

Somewhere there is a set of training objectives that are probably 
very old by now, about 1989 1 think. Basically, it is inherited from 
what was here before. Certain lesson plans set out things to be 
covered and I tried to tie those in with the BTEC Units. The course 
has been inherited and has now grown. 

B- 1 



DB: 

L8: 

DB: 

L8: 

DB: 

L8: 

DB: 

L8: 

DB: 

In developing the course, what have you inputted and why? 

I looked at things that I didn’t understand in the lesson, or seemed to 
have been sketched over when I did the course. So I learnt about 
them and tried to put them over in a different way. Also things that 
we have been doing wrong or we have not been doing, the 
fundamentals have been put in. Looking at the BTEC stuff and 
saying “we don’t do that”, finding out about it and putting it in. 
Saying that bit there needs adding to or bending to about 90 degrees 
and then it will fit it. 

Are you saying that you are developing the course from your own 
experience, that you are using your own judgement? 

Yes - especially on the water side, I did quite a bit of water when I 
first left the course and realized that on the course they taught a lot 
of things about pipe sizing. They taught us about a 1OOmm pipe, 
90mm pipe, and 50mm pipe. But on the ground you have the 4”, 
and that’s all. So we do the pipe sizing still, because it is one of the 
fundamentals, the basics, but I ask ‘what happens when you have 
only got 4“ pipe?’ How does this affect things? You’ve done this 
ideal thing, how do you work back? That’s the sort of thing we put 
in. 

You spoke earlier about skills. As well as teaching the fundamental 
procedures, are you.developing anything else in the students? 

Yes. an analysis of whether your resources are right or wrong. Yes, 
we have done this pipe-sizing exercise but is that practical, is it real, 
is i t  possible? You have to think about realism, that you have the 
basics and then you have to apply them to real life. 

Another thing that is linked to this perhaps is the military idea of 
working under pressure. It has been mentioned to me a number of 
times that they are learning to work under pressure. What is your 
view on that? 

I think that if  you need to work under pressure you can. Whether 
you need to learn to work under pressure or not, I don’t know. 
Whether i t  i s  “we worked every hour on the course, so we should be 
able to do it now”. The people we turn off are well motivated and 
have got the personal skills that if they need to do it, they would do 
it, whether they have done it before or not. If the situation arose that 
they had to work under pressure they would be able to do it, I don’t 
think ii is something you can teach them, i t  is a personal thing. All 
that you can hope to get across to them is that if they need to do it, 
they will do it. It’s part of growing up. 

And what about the confidence that you mentioned, that they start 
the course and they develop confidence. Is that part of the course 
itself? 
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L8: 

... 

DB: 

LS: 

DB: 

L8: 

DB: 

L8: 

DB: 

LS: 

DB: 

L8: 

Yes, it is one of the things that I try and do. When we mark the 
course, we often find that they brush over some things. So we say, 
“it’s down to you to do it, have the confidence to do it”. But they 
don’t really get the mega confidence boost until the final attachment 
when they go away. They come back from there loft tall, but before 
that it is difficult to give that confidence boost because they have got 
nothing to compare themselves against, they have only got the other 
people in the class. 

So if someone passes the two exams, they have been taught and they 
have been assessed. What does that pass mark tell you about the 
change in them? What is it telling you? 

So they have passed the test, the exams, they have done all the 
honieworks, got satisfactory marks on those, and the projects as 
\ \ C l l .  

Just deal with the exams. 

The exams show that they have understood what has been taught 
them, or what they should have learnt through directed reading, or 
whatever. And that they can relay that information back, I suppose, 
in the exams. 

And what about the project? 

The project is showing that they can apply that knowledge, they can 
apply that understanding. The exam is testing that they understand it 
and the project is showing that they can apply that understanding. I 
understand how a jet engine works, but I can’t go and make one 
work. 

I f  we can go back to three things. You talked about training 
objectives. BTEC and you and your predecessors’ views of the 
content of the modules. So when you say an understanding of an 
application of the knowledge, exactly which of those three areas of 
knowledge arc you referring to? 

I think the BTEC points to an understanding. 1 think the army needs 
to apply that understanding. 

And where do your vieivs. the views that you mentioned earlier on, 
fit in? 

I think that the major thing is not to go out there and be embarrassed 
or let anybody down. So I think so the understanding and applying 
the knowledge part is important. And that is more important if you 
are going to be the guy out there and they say, right, we need this 
water across that hill. Yes, you understand how to do flowing pipes, 
you understand all about Reynolds number and all the rest of it. But 
if you can’t apply that and make the water go over the hill, you are 
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no use to anybody. BTEC probably look more at the other side, 
simply “does he understand what is going on?” 

And the application bit, in a class situation, you are teaching the 
general knowledge, how do you think they learn the application side 
of it? 

DB: 

L8: Hopefully all lectures put across the application as well to a certain 
extent. We do this “yes, we can size this pipe to 13.35 mm” but you 
don’t get 13.35 mm pipe you get 15 mm pipe. Hopefully I apply my 
experiences of when I have done pipes and water and whatever. 
And the practicalities of that, you put in and derive what you are 
going to do. How do you apply this knowledge and hopefully it 
comes across a lot in the lectures. It is like a lot of things; it is down 
to general intelligence. You like to think that the people on the 
course have got the intelligence. That they know more than ‘‘I can 
do pipe sizing and if that is the pipe it comes out at then that is the 
pipe it comes out at.” They should have more integrity than that and 
be able to put it in practically. Whether you can teach them that, I 
don’t know. You can put ideas across but everybody has different 
views. Straight hydraulic gradients on a pipeline is an evenings 
thing and each student gives a different solution to it. Because they 
have each applied it differently. All you can do is to get them not to 
miss things. When you are applying this make sure you consider 
every possibility. 

Really then you are trying to teach them it and hoping that they are 
going to learn to develop their own style and the project is actually 
going to assess whether they have achieved that or not? 

Yes, to a certain extent. But it is something that they are not going 
to be able to do properly. They can do the project now, get a mark 
for it, come back in three years time when they have done it and do 
the project and they would do it a totally different way again. 
Because their knowledge is a thing that you can’t give, ok two years 
is a long time, but you can’t get them to go out and practice all the 
things. 

DB: 

L8: 

DB: Throughout the course they have been trained to do a specific job as 
an engineer, clerks of works engineer. How well do you think the 
course as a whole, including the attachment, prepares them for the 
future job? 

I think it must do i t  very well, because i t  works. For individuals it 
would probably work to a different degree. Because we know that 
people aren’t all the same. But I think it must do the job. It must 
work. I think we do prepare people well for what goes on out there. 

And do you think the way in which they are assessed means that you 
can say that “yes, they are going to be good engineers”? 

L8: 

DB: 
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L8: 

DB: 

L8: 

DB: 

L8: 

DB: 

L8: 

DB: 

L8: 

DB: 

L8: 

DB: 

With the exams. Personally I don’t mind exams, I can do exams, I 
don’t get stressed out, I sleep the night before an exam. I know that 
some people get stressed out and don’t give their best in an exam. 
So whether an exam is the best way of testing someone’s 
knowledge, I’m not sure, because I have known people who have 
failed exams who would have made a good Clerks of Works but they 
have failed the course because of the exams. There was a lad on our 
course who couldn’t do exams, and for nights before he wouldn’t 
sleep. He was round at my house, we would do revision together 
and he wouldn’t sleep. And when it came to the exams he would be 
physically drained before he started and he would get 10%. He just 
couldn’t write anything. His practicality was absolutely brilliant. 
He could do it in the class. Practical-wise he had the experience of 
doing all sorts in the class. He was back-coursed and came top of 
the course behind us, because he did some exams again that he had 
done once, was taught again. He had more confidence and passed 
the exams and his confidence grew and grew and grew. He came top 
of the course behind us and he is now in Brunei. So I think it is the 
projects that really count. 

So these exams, did they come prior to projects so that he didn’t 
have an opportunity to get to do any projects first time round? 

When we went through we didn’t do mini-projects along the way. 
We did the major project at the end and he wouldn’t have done the 
projects to have brought all that out. It would appear to me that the 
exams shouldn’t be 90% and the others 10%. It should be more 50 - 
50 or even 40 - 60 in favour of projects. 

Who is making that judgement? 

The thing has been inherited down the line. 
Military Lecturer tweaks it themselves. 
responsibility is Pat’s but he does discuss it with Tony and I. 

And that would be based on your feelings on how important exams 
are in relation to projects. 

Yes. We have brought exams down in the weightings and projects 
UP. 

And is that acceptable to the Army and BTEC? 

Yes BTEC like us doing that. 

And what about the Army? 

As long as we are turning out people that can do the job, that’s ok. 

And this is my final question for this interview, do you feel that you 
can actually say that the course produces a good product, a good 
engineer? 

But each Senior 
I think that the ultimate 
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LS: Yes, I don’t think that anybody gets through that shouldn’t. I think 
that anybody that gets through is more than capable of doing the job 
the Army wants him to do. But the other way round is that maybe 
people who don’t get through should do or could do. It has always 
worked in the past and maybe out of the hundreds that have passed, 
probably there are one or two that shouldn’t for one reason or 
another. So I think yes, it works. What we are putting out is good 
but like all systems it is not infallible. You get people who fail but 
perhaps should pass, however I, personally, don’t think anybody 
passes that should fail. 
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Appendix C 

Doctorate in Education Research Study 
Questionnaire 1 

Clerk of Works Course Initial Questionnaire 

Instructions 

Please read each question carefully and answer by indicating a single score or by ticking the 
boxes you think reflect your views. In some cases you will probably need to tick more than 
one box. Please give open, honest replies as the information you supply will be used to carry 
out further research. 

Questions 

1. 
ability to perform as engineers? 

How appropriate do you think the following types of assessment are at assessing your 

Least Appropriate Most Appropriate 
1 2 3 4 5 

Homeworks (HW) 1 2 3 4 5 
Lab Reports (LR) 1 2 3 4 5 

Written Exams(WE) 1 2 3 4 5 

Presentations (P) 1 2 3 4 5 
Design Projects(DP) 1 2 3 4 5 

2. What do you see as the main purpose for these assessments? 

To measure your understanding of 
the subject matter 
To predict how good you will 
perform as an engineer 

To test your memory skills 

To test your problem-solving skills 

To maintain the standards set by 
BTEC 
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To maintain the standards set by 
the Military Sponsor 
To assess your personal qualities: 
motivation;detemination; working 
under pressure;etc. 

To give you and the lecturer 
feedback on your progress 
To give the lecturer feedback to 
develop module content 

3. Is it easy to understand what it is you are being asked to do in an assessment? 

Is it clear \\hat is required in written lab reports? 
Are some cxani questions presented in a confusing manner? 
When exam questions are related directly to engineering 
topics does this make them less confusing? 

Are the output requirements for projects made clear? 

Is it clear what criteria are being used to assess the projects? 

Is it clear what you need to do for a presentation? 
Is it clear what criteria are being used to assess a 
presentation'? 

4. Do you think any of the folloiving qualities are being assessed? 

Working under pressure 
Communication skills 
Motivation 

Determination 

Working as part of a team 
Creativity 
Initiative 
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5 .  What do you think the course assessments are really testing or measuring? 

YES 
Your knowledge of what a Clerk of Works does 

Discussion with the lecturers about what a Clerk of 
Works does 
Discussion with the lecturers about how you have 
performed on the course 

The nature of the course content 
The nature of the course assessments 

The award of the HND 

The assessment tests what you have been 
taught in class 
The assessment predicts you are very 
likely to pass the whole course 

The assessment predicts you are likely to 
be good in your future job 

The assessment measures your 
understanding in relation to the military 
training objectives 
The assessment measures your 
understanding in relation to the BTEC 
objectives 
The assessment is used by the lecturers 
to develop the subject matter 
The assessment is used by the lecturers 
to develop the teaching methods 

The assessment is used by the lecturers 
to improve future assessment methods 

NO 

6. 
Works will have been fully and appropriately assessed? 

At the end of the course do you think your potential to perform well as a Clerk of 

Definitely Yes Not Sure Definitely No 
1 2 3 4 5 
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Thank you for completing this questionnaire. 

Please return the completed questionnaire to Mr D Brooks, SLec(M), by the close of 
play on ... 
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Appendix D 

Doctorate in Education Research Study 
Questionnaire 2 

Clerk of Works End of Course Questionnaire 

Instructions 

Please read each question carefully and answer by indicating a single score or by ticking the 
boxes you think reflect your views. In some cases you will probably need to tick more than 
one box. Please give open, honest replies as the information you supply will be used to carry 
out further research. 

Questions 

1. 
ability to pcrlomi 2s engineers? 

Hot\ appropriate do you think the following types of assessment are at assessing your 

Least Appropriate Most Appropriate 
1 2 3 4 5 

Homeworks (H\ \ ' )  1 2 3 4 5 
Lab Repons (1.R) 1 2 3 4 5 
Written Esanis(\VE) 1 2 3 4 5 
Presentations (P) 1 2 3 4 5 
Design Projects( DP) 1 2 3 4 5 

2. What do \.ou see as the main purpose for these assessments? 

To measurc your understanding of 
the subject niattcr 

To predict hou good you \vi11 

perform as an engineer 
To test your memory skills 

To test your problem-solving skills 

To maintain the standards set by 
BTEC 
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To maintain the standards set by 
the Military Sponsor 
To assess your personal qualities: 
motivation;detemination; working 
under pressure;etc. 
To give you and the lecturer 
feedback on your progress 
To give the lecturer feedback to 
develop module content 

Yes 
Is it clear what is required in written lab reports? 

Are some exam questions presented in a confusing manner? 
When exam questions are related directly to engineering 
topics does this make them less confusing? 
Are the outpur requirements for projects made clear? 
Is it clear what criteria are being used to assess the projects? 

Is it clear what you need to do for a presentation? 
Is it clear what criteria are being used to assess a 
presentation? 

3. Is i t  easy to understand what it is you are being asked to do in an assessment? 

No 

4. Do you think any of the following qualities are being assessed? 

Working under pressure 
Communication skills 
Motivation 

Determination 
Working as part of a team 
Creativity 
Initiative 
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5. What do you think the course assessments are really testing or measuring? 

The assessment tests what you have been 
taught in class 

The assessment predicts you are very 
likely to pass the whole course 
The assessment predicts you are likely to 
be good in your future job 
The assessment measures your 
understanding in relation to the military 
training objectives 
The assessmcnt measures your 
understanding in  relation to the BTEC 
objectives 
The assessnient is used by the lecturers 
to develop tlic subject matter 
The assessment is used by the lecturers 
to develop the teaching methods 

The assessment is used by the lecturers 
to improve future assessment methods 

6 .  
engineer? 

in what ways do you think the course has improved your ability to work as an 

Increased knowledge of foundation subjects 
Increased kno\vlcdge of engineering subjects 
Increased understanding of engineering concepts 
Increased ability to solve problems 
Increased ability to communicate ideas to others 
Increased creative ability 
Increased ability to work under pressure 
Increased ability to work as pan of a team 

Poor 
1 

I 

1 

1 

1 

1 

1 

I 

2 3 
2 3 
2 3 
- 7 3 
- 7 3 
2 3 
2 3 
2 3 

Good 
4 5 

4 5 
4 5 

4 5 
4 5 

4 5 
4 5 
4 5 
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7. How do you think the above were assessed during the course? 

Increased knowledge of foundation 
subjects 
Increased knowledge of 
engineering subjects 
Increased understanding of 
engineering concepts 
Increased ability to solve problems 

Increased ability to communicate 
ideas to others 
Increased creative ability 

Increased ability to work under 
pressure 
Increased ability to work as part of 
a team 

8. What abilities andor qualities do you think the Final Project assessed? 

Your knowledge of the foundation subjects 

Your knowledge of engineering subjects 
Your use of engineering procedures to solve problems 

Your use of engineering concepts to solve problems 
Your creative approach to problem solving 

Use of your initiative 
Your ability to work under pressure 

Your ability to work as part of a team 
Your ability to communicate your ideas in writing 

Your ability to communicate your ideas verbally 

9. 
to be a competent engineer? 

Which of the following do you consider to be knowledge or abilites you need to have 

1. Knowledge of the foundation subjects 

2. Knowledge of engineering subjects 

3. To be able to use engineering procedures to solve problems 
4. To be able to use engineering concepts to solve problems 
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5.  To have a creative approach to problem solving 
6 .  To be able to use your initiative 
7. To be able to work under pressure 

8. To be able to work as part of a team 

9. To be able to communicate your ideas in Writing 
10. To be able to communicate your ideas verbally 

10. 
numbers in order of importance. 

Which five of those listed above do you consider to be the most important? List the 

~ 

11. 
opportunity to show how you will perform in your future job? 

Considering questions 8 ,9  & 10, do you think the Final Project gave you the 

YES 
Knowledge of the job 
Discussions with the lecturers 
Feedback from previous course assessments 
The content of the Final Project 

Feedback from the Final Project 
The grade you were given for the Final Project 
Your own perception of how you approached the task 

Your own perception of your solution to the task 

Definitely No Not Sure Definitely Yes 
1 2 3 4 5 

NO 

12. On what other factors do you make this judgement? 

Others not listed above: 
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13. 
your future job? 

Do you think the course has successfully assessed your potential to perform well in 

YES 

Definitely Yes Not Sure Definitely No 
1 2 3 4 5 

NO 

14. On what basis do you make this judgement? 

Knowledge of the job 

Discussion ivith the lecturers 
The nature of the course content 
The nature of thc course assessments 

The award of tlic tISD 

Others not Iistcd ahwe: 

Thank you for completing this questionnaire. 

Please return the completed questionnaire to Mr D Brooks, SLec(M), at the earliest 
opportunity and no later than 
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Appendix E 

Student Interview Schedule 

These are a selection of questions that guided my interviews with the 
students but I was prepared to follow any avenue that the students opened 
UP. 

What do you think is the purpose of the foundation phase of the course? 
What do you think you learned from this phase? 
How were you assessed during this phase? 
What were you assessed on? 
Do you think any of your skills, attitudes, personal qualities were being 
assessed? 
What do you think was the purpose of the exams/labs/bomeworks? 
What does passing this phase say about you as a student? 

What do you think you learned during the engineering phase? 
How were you assessed? What methods were used? 
What do you think was the most appropriate method of assessment? 
Why do you think that? 
What do you think was the least appropriate? 
What do you think you were being tested on in 
exanisiprojects/presentations? 
What was their purpose? 
Who designs the exams and projects? 
What skills were you being encouraged to develop? 

Did you use anything you learned in the foundation phase later in the 
course? 
What and how did you use it? 

Does the course assess your future potential to do the job of a Clerk of 
Works? 
How does it do this? 
On what do you base your judgement? 

What do you think you need to know to be a good Clerk of Works engineer? 
What do you think you need to be able to do to be a good Clerk of Works 
engineer? 
On what basis do you make this judgement? 

What are the main things you have learned from doing the course? 
In what ways are you different from when you started? 

Is there anything else you would like to say about the course? 

Thank you very much for your time. 
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Appendix F 

Course Timetables 

No 50 Clerks of Works (Mechanical) Course 
7 Januarv 1998 - 10 December 1999 

F-l 



F-2 



94 U&E 
95 An 
96 Att 
97 Att 
98 Att 
99 Att 
100 Attt 
101 E&M 
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P&P I Fabrication I 
Civilian Industrial Attachment 

Administration, End of Course Presentation 



No 44 Clerks of Works CElectrical) Course 
18 Mav 1998 - 25 Feb 2000 

I Week I Sponsor 1 Subject 1 Week 1 Sponsor 1 Subject 



Appendix G 

Water SUD& Module - Main Proiect 

HIRTA GARRISON 

MECHANICAL & ELECTRICAL SERVICES 

PROJECT DIRECTIVE 

References: 

A. Project Brief. 

B. 

C. 

Drawing TICWMI1249 - Hirta Hospital Site Plan. 

Location Map of Sub-stations and Water Source. 

GENERAL 

1. The Hirta Gamson design is now nearing completion. However, due 

to shortfalls in manpower, Military Works Force (MWF) have not been able 

to consider the water supply or sewage elements of the project. 

2 .  The existing potable water supply for the garrison is stored in 3 x 

160 m glass reinforced plastic (GRP) sectional tanks, each approximately 15 

years old. They are located adjacent to the 174 A trig point at the end of the 

Dry Bum. It is considered that the tanks have exceeded their economic life 

span and will be replaced during this phase of the project. 

3 .  It  is estimated that the boilerhouse will require 3.5 m3 of potable 

water per day. Table 1, below, shows the analysis results for raw water 

samples taken at Gleann Mor. 
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6 TDS 540 

7 Hardness Ca 80 

8 Hardness Mg 5 

9 PH 5.4 

Table 1. Physical ans chemical analysis of water at Gleam Mor. 

480 

46 

3 

6.4 

REQUIREMENTS 

4. 

as follows: 

You are to prepare a Design Report in three volumes, iaw RETD2, 

a. Volume I .  Volume 1 will include the usual introduction 

fonnat to the Design Report. The design report will include 

sufficient Appendices to cover the project directivehrief and 

location maps. The design report will be a stand alone 

methodological approach on how you would install the plant and 

equipment selected indicating, where necessary, any problems e.g. 

factors affecting the planned task. You should not include any 

appreciation in this volume unless it is pertinent in qualifying a 

particular statement. Volume 1 must be able to be read in 

conjunction with your working drawings. 

b. Volume 2. Volume 2 will provide an appreciation of all your 

design work. the advantages and disadvantages of one system over 

another. any problems or limitations identified during your design 

assessment and the reasons why you are selecting one particular item 

of plant or equipment over another. Volume 2 will also include 

calculations \vhere necessary to support an appreciation or to qualify 

a design element in Volume I .  Volume 2 will commence with a brief 

introduction and contents page followed by your appreciations and 

calculations in Appendices. Volume 2 must be able to be read in 

conjunction with your working drawings. 

c. 

the design report and the appreciation. 

Volume 3. Volume 3 will contain full SKETCHES to support 
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5 .  The following points are to be considered in your report: 

a. 

to include: 

Water Suuply. A detailed plan for the water supply which is 

(1) Development of the source. 

(2) Selection and operation of the primary (main) pump 

sets. A single track metalled road will be designed by a CWO 

and laid to Gleam mor. 

(3) 

site suitable for supplying both the hospital and the ganison. 

(4) A water treatment plant. 

( 5 )  A pipeline from the storage to the hospital 

distribution system. The distribution system will terminate at 

all incoming stop cocks. 

( 6 )  
buildings within the hospital grounds. 

(7) 
storage tanks. 

A pipeline from the source to a storage and treatment 

A water supplied fire fighting installation to cover all 

A storage system to replace the 3 GRP gamson 

b. Power. Design of the electrical power requirements for the 

water treatment plant and pumping statin, including the production 

of schematic diagrams showing the distribution board(s) containing 

cable sizes and fuse ratings or equivalent. 

c. Sewase. Design of a suitable sewage plant to serve both the 

gamson and hospital population based on the numbers given in the 

project brief. 

d. Stores Requirement. A costed stores list for the mechanical 

and electrical equipment installed in the water supply pipeline 

system as delivered to Benbecula. The sewage design is excluded 

from this requirement. 

e. W. Provide a detailed estimate of the total civilian value 

of the works, using DOEPSA schedules of rates, or similar, for 

similar work in Benbecula. 
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f. InsDection and Testing. An inspection, testing and 

commissioning procedure for the potable water system. 

g. Works Prornamme. A works programme for the installation 

of the water supply equipment from the raw water source to the 

boundary fence of the hospital complex based on the strength of one 

fully established field troop, stating any specialised artisan 

tradesmen required. 

h. Specification. The specification of all mechanical plant, 

services and works. You are to use National Building and 

Engineering Specifications as appropriate. 

LIMITATIONS 

6. 

with relevant statutes, British Standards and accepted good practice. 

All works, materials and specifications in your report are to comply 

7. Your completed report is to be handed toWO2 Mechanical by . . . 

WO2 Mechanical 

for Chief Lecturer 
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Hirta Garrison Proiect Marking Schedule 

Prcscntation and format 

The total marks allocated for the project are 2272. These are for individual 

items in the report and design. The marks are broken down into areas, with a 

percentage of the total marks available as shown. This should give an 

indication of the time and effort required for each area. 

% marks 

3 

Master Schedule 

Trcarnicni to dcrnand points 

Garrison storagc 

Sewage disposal 

Fire 

~ncidcnii~s 

Skctchcs 

Total 

5 

2 

2 

5 

8 

14 

100 

I Title 

Notes 

1 

Including layout, grammar etc. 

1 Security Classification 

Stores list, costs, testing, 

commissioning, Cascade 

1 

Itemised Schedule 

Presentation and Fomat 

I Date 1 

File Number 

Production location 

1 

1 
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I 

Orders 

Title sheet as above plus: 

1 I------ Originator - 1 

1 

Recipient 

ReferencesiBibliography 

Neatness and legibility 

Spelling 

Grammar and punctuation 

Style 

1 

Summary 

Date issued 

Place issued 

Copy at Appendix A 

Where required 

Submitted to 

Submission date 

Reasons 

Limitations 

Names & page numbers 

Contents page 

1 

1 

1 

1 

1 

1 

1 

1 

10 

Originality 25 

Background 

Reference to orders 

RequirementISequence 

Special considerations 

I 101 

Where 5 

Why 5 

When 1 

Where 1 

Who 1 

10 

5 

Sequence 

Sub total: 94 
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I Design features 5 

Stores 

Manpower 

costs 

Timings 

Limitations (problems) 

5 

5 

5 

5 

5 

The Main ReDort 

Conclusions 

G-7 

5 

Recommendations 
~~~ 

5 

Sub Total: 93 



Pumps fire fighting 

Fresh water controls 

Fire water controls 

Electrical supply 

Pipe material 

Pipe jointing methods 

Variations in pressure 

5 

5 

5 

10 

5 

5 
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Recommendations 

Sub total: 

Raw Water S U D D ~ ~  

5 

350 

Heading 

Appreciation of requirement 

I Vehicles 

Item Mark 

General 20 

Manpower 5 

I 51  
1 Sewage 5 

I 1 System losses I 51  
1 Fire fighting 10 

Calculation of above 30 

Standby power supply 

Pipework selection, material, 

Pipework calculations 

Civil works, anchors etc. 

Method of operation of pumps 

method of jointing, configuration 

G-9 

10 

20 

10 

20 

20 

Pressure gaugesimeters 

Installationifrost protection 

10 

5 

Sub Total: 295 



Source to Water Treatment Plant (WTP) 

Heading Item 

Pipeline material jointing 

Layout of route appreciation 

Frost protectionhulation 

Additional pumping stations 

Hydraulic gradients 

Mark 

10 

20 

20 

20 

20 

Peak arrangements 

Associatcd pressure applications 

20 

20 

\Vater Trcatnicnt Plant 

Air vcnting 10 

Brcak prcssurc appreciation Down hill 20 

No llou hydraulic gradient Down hill 20 

\:clocII! ofno\v Down hill 5 

Anchors and thrust blocks Down hill 5 

' \'alvc pits. scour valves Down hill 20 

ControToT 110n Down hill 20 

PipcLvork calculations Down hill 20 

R o u t i i -  pipcline Down hill 20 

Sub Total: 270 

Plant sclcction 

Operating procedures 

Sterilization design 



Heating requirements 

Compressor selection 

Heading 

WTP to Demand Points 

Item 1 Mark 1 
Distribution to hospital route 

Distribution to garrison route 

20 

20 

Termination in hospital buildings 

Access into boiler house 

Air Vent 

Valve pits 

Distribution to sewage equipment 

Pipe calculation 

Pipe material, jointing 

Frost protection 

Garrison Storage 

10 

5 

5 

10 

10 

20 

10 

10 

Sub Total: 120 

Heading 

Complete design 

Item Mark 

Control 10 
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[ Calculations 10 

Seware 

Civil works 

Materials 

Frost protection 

Sub Total: 

10 

5 

5 

50 

Heading 

Complete appreciation 

Item Mark 

Numbers 10 

Methods 10 

Equipment 10 

Fire Fighting 

Materials 

Control 

Disposal (final) 

Sub Total: 
I 

10 

10 

10 

70 

1 

Pump control 

Heading Item Mark 

Appreciation of requirements 20 

Pump selection 10 

Pump installation 10 

Hydrant details 10 

Pump operation 10 

- 

I 

Power supply 
1 
I Standby power supply 

Standby pumps 

Meters and gauges 

Sub Total: 

101 

lo1 
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Incidentals 

Heading Item I Mark I 
Electrical Power WTP 20 

Lighting WTP 10 

Specifications of main plant items 

Stores list 

Performance specifications 20 

Pipework 5 

Headings 

Sewage treatment route 

Item Mark 
20 

Drawings and Sketches 
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Anchors and supports 

Raw water reservoir 

Guides, expansion devices 20 

20 

WTP 20 

Air vent, scour valves, valve pits 

Hydraulic gradients 

WTP power supply 

Supply system to garrison 

Sub Total: 

WTP storage details 

Hospital storage details 

Pipe route 

q 
260 

10 

20 

Up hill 20 

Down hill 20 

Hospital grounds 20 
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