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DEVELOPING COMPUTER-BASED ASSESSMENT AS A 

TOOL TO SUPPORT ENQUIRY LED LEARNING 

CAROL ANN COLLINS 

ABSTRACT 

This research explores the possibility of developing Computer-based 

Assessment (CBA) as a tool to support enquiry-led learning. In this 

approach learners explore and unpack thoughts and ideas that help 

them to learn and solve problems. A critical feature of this is feedback 

and this research focussed on how to design and supply feedback in 

CBA. Two lines of research were sourced: Computer-assisted 

Assessment (CAA) and Improving Formative Assessment (IFA). 

Specifically, performance data was collected, analysed and evaluated 

from the statistical results of 3 CBA tests (approximately 100 

undergraduates per test) and from qualitative feedback, the dialogic 

question and answer responses of (approximately 30 learners x 100 

responses) engaged on level 3 activity of the National Qualifications 

Framework (NQF). The outcome of the research is the development of 

Kilauea exemplar, a theoretical model of an enquiry led item type 

applied in a subject specific domain. 

It-.-·- ··-·-------
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Chapter 1 Introduction 

1.1 Introduction 

The research question explored in this thesis is How can Computer

based assessment (CBA)1 be developed as a tool to support enquiry 

led learning? A critical feature of the approach is feedback and this 

research explores the potential of the quantitative CBA feedback and 

qualitative dialogic feedback to be combined and developed into a CBA 

item configured around enquiry led learning. The research is potentially 

of interest to researchers, educationalists, staff developers, quality 

assurance staff, learning technologists and improvement agencies. 

1.2 Nomenclature 

This research is based in two educational sectors in the UK, Higher 

Education (HE) and the Learning and Skills Sector2 (LSS) and literature 

is drawn from the UK and the USA. The term CBA varies according to 

the community using it and their shared nuances and understandings. 

Generally, CBA is grouped under e-assessment3 but this is a wider 

concept. Typically, this includes the use of computers to aid human 

marking, such as examiner or peer reviewing of scripts online and other 

learning technologies, such as Virtual Learning Environments (VLEs) 

1 Computer-based Assessment (CBA) refers to the use of computers to automate the scoring of 
assessments. It is mostly understood by the public as multiple-choice type tests. The term is 
broadly synonymous with CAA, but CAA as originally conceived in the ' Blueprint' 
encompasses the use of paper-based objective test scripts (MCQ type tests) marked by Optical 
Mark Readers (OMRs). CBA is sometimes referred to as Computer Aided Assessment (CAA) 
and in the USA it is more commonly called Computer based Testing (CBT). 
2 Leaming and Skills Sector, includes the provision funded by Leaming and Skills Councils 
and generally includes Further Education Colleges, Schools' Sixth Form Colleges, Sixth Forni 
Colleges, Work-based Leaming Providers and Training Providers 
J E-assessment is broadly synonymous with CBA/CAA and generally refers to multiple-choice 
type tests. However, e-assessment can also mean the wider use of computers to facilitate 
marking, for instance human markers, marking scripts online or to peer assessments. 
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and technologies grouped as intelligent systems.4 In this thesis CSA is 

used throughout to refer to dedicated assessment tools with automated 

scoring and the functionality to generate statistics of user performance. 

1.3 Research sourced 

Two lines of research are sourced: the Computer Assisted Assessment 

(CM) Centre5, whose research focussed on the design of CAA and the 

non-technology based: Improving Formative Assessment (IFA).6 Their 

work builds on the research of Formative Assessment (FA) as defined 

in a narrow sense7• The focus of IFA is on transferring the general 

principles of FA from schools to vocational based settings. Two of the 

IFA sites are used for gathering authentic examples of formative 

feedback from practitioners who have received training in FA 

intervention strategies, which uses problem based methodology. 

Specifically, these two lines of research are combined in this thesis, so 

that different types of feedback: quantitative and qualitative produced in 

response to different activities, the computer-generated statistical data 

of test takers and teacher led dialogic could be sourced, analysed and 

evaluated for their potential to contribute to development. Used in this 

research is the suite of tools from QuestionmarkTM. These are designed 

with generic templates in which subject content is authored using 

4 lntelligent systems - used for assessment based on training the system to make a holistic 
assessment, for example of an essay, based on the identification of unique features. Most 
notable are those developed by Educational Testing Systems (ETS) but they do not compare to 
a human reader. It is not in the scope of this research to include discussion of these systems. 
5 CAA Centre http:-1www.caacentre.ac.uk/resources/ (accessed February 2008). 
6 IFA project-· funded through Nuffield, QIA, NRDC 
http://www.lsneducation.org.ukiresearclticentres/RCFTeachLearnCurricQual/programmes.aspx 
7Formative Assessment (FA) in the narro\V definition refers to the work on Formative 
Assessment by Black and Wiliam and those working in that tradition, most notably the 
Assessment Reform Group (ARG ). In this tradition, FA has a meaning over and above that of 
being non-credit bearing. It has the added dimension that it is developmental in nature and that 
its purpose is to contribute to the construction of knowledge that supports the learning process. 
The term is broadly synonymous with Assessment for Learning (AfL). 
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variants of multiple choice type items. 8 These are designed on the 

principles and practices of objective test methods.9 

1.4 Pedagogic approaches 

CBA is an established tool for testing and measuring learning outcomes and 

items are designed on the predicate of objective test methods. This means 

that answers need to be unequivocal and determined in advance to enable 

automated scoring. A methodology that uses closed question types would 

seem to be at variance with an enquiry led approach that uses open ended 

questions to facilitate learning. So, although CBA tools and materials can be 

used for differing assessment purposes, e.g., diagnostic, formative and 

summative assessment10 (Bull et al 2001) tensions arise because of the 

dependency on objective test methods. 

An enquiry led approach is based upon a conceptual framework in which 

learners actively engage in the cognitive act of constructing learning 11 . In 

this approach the learner is central and self directed. The teacher is seen as 

a facilitator of learning and encourages the use of open ended questions and 

answers. In particular the approach is endorsed as a means of raising 

standards by members of the Assessment Reform Group, 12who perceive 

assessment of learning as distinct from Assessment for Learning (Afl). They 

argue Afl encourages sustainable learning, supports critical thinking and 

reflection, leads to lifelong learning and is empowering 13. 

& A CBA item, comprises the question and answer options and there are variant types 
9 Objective test methods use a format that is based on closed question types. Typically, this 
takes the form ofmultiple choice questions. 
IDAssessments can vary according to the function they perform. For instance the same test can 
be usedjormative(v if the marks do not contribute to a formal grade or towards and award. A 
summative assessment is one in which the marks contribute towards a grade or award. 
11 The idea originates from the epistemology of the constructivist paradigm 
12 Assessment Reform Group members, include Paul Black, Richard Daugherty, Kathryn 
Ecclestone, John Gardner, Wynne Harlen. Mary James, Judy Sebba. Gordon Stobart. 
u Affords the opportunity for learners to construct knowledge, rather than is given to kam and 
memorise as rote. 
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1.5 Contribution of the research 

The contribution of the research is to demonstrate through the formulation of 

a theoretical model how it is potentially possible to develop CBA as a tool to 

support enquiry led learning. This is based on the functionality that is used to 

deliver objective test methods but the design is configured around an enquiry 

led learning approach. The model aspires to: 

• shift perceptions away from CBA as a tool to solely support multiple

choice type tests and quizzes 

• place the learners at the centre of the experience for encouraging 

autonomy, independence, sustainable learning and empowerment 

• enhance the provision of feedback and optimise the delivery mode 

• offer the potential to develop the theoretical model designed in this 

thesis into a working model for trial and evaluation. 
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Chapter 2 Literature Review 

2.1 Introduction 

Details of the resource pool, search methods and sources for the review 

can be found in Chapter 3, research methods. The literature sourced in 

this thesis reflects the disparate nature of the two strands of research 

studied: CBA, which is a tool for measuring performance and Formative 

Assessment, an intervention strategy deemed to raise standards. The 

literature review focuses predominantly on literature of the CAA Centre 

and the work of Black and Wiliam (1998a, 1998b) and the Assessment 

Reform Group (ARG). 14 Other sources are referred to for balance and 

evaluation. The policy context sheds insights into the planning and future 

strategic direction of assessment. This review builds and critiques the 

knowledge base of the literature with a focus on how to develop CBA. 

2.2 Policy context and the strategic vision 

The Government's White Paper (2005a) on 14-19 Education and Skills 

states that core skill components of the 14-19 diploma's will comprise, 

"Online assessment and will be electronically marked. It will be 

introduced alongside the other external tests at age 14 from 2008." 

(White Paper, 2005a p37)15 . This co-exists with other key government 

steers that seek to reduce the burden of assessment (Tomlinson Report 

2004, White Paper 2005a). A further commitment is made to support 

learning by the development of resources, "we will provide a bank of 

nationally developed standardised tests and activities, [which we will 

ask QCA to produce] to support teachers' professional judgment in both 

summative and formative assessment" (White Paper, 2005a, p37). 

Online assessment is used in the USA and the UK for high stakes 

1'1 Assessment Reform Group members, include Paul Black, Richard Daugherty, Kathryn 
Ecdestone, John Gardner, Wynne Haden, Mary James, Judy Sebba, Gordon Stobart. 
1' Available at http://www.dtes.gov.uk/14-l 9/ 
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assessment, which is assessment that is credit bearing and/or impacts 

on employment selection or selection for college admission. In the USA 

is big business (ETS website: http://www.ets.org, accessed January 

2007). In the LS sector CBA has gained formal recognition as a credible 

assessment tool in many varied subjects including Modern Foreign 

Languages (MFL) and EFL/ESOL. In 2005 the Qualifications and 

Curriculum Authority (QCA) piloted the use of CBA for national 

qualifications, leading in ICT and Basic Skills qualifications 16 . 

These factors coupled with the government's stated desires and values 

on equal opportunity, transparency and accountability; make it easy to 

understand the importance and role of CBA in test measurement and 

why this could overshadow its development for formative use. The 

Leitch Report (2006) identifies key features that fit well with CBA in so 

far as delivery can be a personalized, flexible and demand-led. It is 

especially suitable for lower skills levels. With the emphasis fixed on 

testing the pedagogic model will be influenced by a mastery model of 

learning involving a transmission mode of delivery. 

2.3 Testing culture and its relationship to learning 

There is extensive use of CBA in the USA for standardised tests, 

including the Standardised Assessment Tests (SATs) and Graduate 

Record Examinations (GREs). The Educational Testing Service (ETS) 

website 17 provides information on CBA tests which are founded on the 

principles of objective test methods are used to test a range of skills and 

competencies from subject knowledge, critical thinking skills, and verbal 

reasoning skills to measuring baseline competencies in core skills. The 

focus from the USA is on trying to provide the kind of feedback that could 

I(, QCA website http://wviw.qca.org.uk/ accessed 10th January 2005 
17 Educational Testing website 
http://www.ets.org/portal/site/ets/menuitem.3a88fea28f42ada7c6ce5a l 0c392 l 509/?vgnextoid= 
85b65784623 f40 I0VgnVCM 10000022f95 l 90RCRD (accessed 10th January 2005) 
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help candidates to increase their test scores. The ETS website shows 

there is an associated industry that supports candidates by providing 

online practice tests, which includes some basic level feedback on test 

takers' performance. This comprises an overall test score and breakdown 

of responses per test item, together with indicative areas that need to be 

reviewed to improve performance. While this example demonstrates that 

CBA can be used formatively, the UK literature on formative assessment 

reveals that this kind of activity is thought to lead to a surface approach to 

teaching and learning, as explained by Buck (1988). 

"There is a natural tendency for both teachers and students to 

tailor their classroom activities to the demands of the test, especially 

when the test is very important to the future of the students, and pass 

rates are used as a measure of teacher success". (Buck 1988, p15) 

The ARG group of writers amplify that this practice could lead to a culture 

that promotes teaching to the test, which is deemed to stifle creativity, 

encourage shallow learning and is detrimental to the construct of deep 

learning (Sadler 1989, Black and Wiliam 1998b and ARG 2002a). 

According to Messick (1989) test validity is evidenced in the test scores, 

but that these require interpretation and so are in fact social constructs. 

It is generally accepted there are cost benefits associated with 

automated marking, in particular, if used with large cohorts of learners 

(Bull et al, 2001 ). The same principle would apply for wide-scale 

implementation in national qualifications. However, according to 

Loewenberger and Bull (2003), the financial benefits are complex as 

economies of scale may not necessarily be easy to identify or 

sustainable. So it would be a benefit if the tool can be used as a 

learning resource in addition to a tool for tests. There are also issues of 

fairness to consider. Computer-marked assessment eliminates human 

marker bias and error at the point of scoring and grading candidates. 
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For further discussion on the 'halo effect18 ,' causing subjectivity in 

scoring see McBeath (1992). CBA tests are subject to verification at 

the test construction stage and use fixed scoring mechanisms, thereby 

eliminating marker deviance that occur with a scoring rubric and a team 

of human markers. 

There is an increase and spread in the use of CBA even in HE, where it 

might reasonably be assumed to be less attractive for measuring higher 

level or critical thinking skills. In HE the results from two national surveys 

of computerised assessment practices, conducted by Stephens and 

Mascia (1995) and the CAA Centre. Bull and Collins (2002) showed that 

CBA is a growth area in respect of the number of CBA practitioners in the 

science and engineering fields. Also that there has been an increase of 

CBA in varying disciplines in HE. On the one hand there are benefits that 

are generally attributed to CBA: cost benefits, accountability, transparency 

and fairness. On the other hand cautions are raised about the type of 

learning that it is said to encourage. 

2.4 Learning culture and its relationship to testing 

The literature on the subject of formative assessment centres around a 

pedagogic argument that places high importance and value on the 

learning process. Teaching and learning websites aimed at schools, 

learning and skills and higher education all cite and rely on the work of 

Black and Wiliam (1998a, 1998b). Typically, the didactic literature 

aimed at practitioners encapsulates the notion: assessment for learning, 

as distinct from assessment of learning. The former is primarily a 

learning experience (formative) and the latter a measure of knowledge, 

skills or competencies, which leads or contributes to an award or 

qualification. The evidence base emanates from the empirical research 

of Black and Wiliam ( 1998a, 1998b) who demonstrate that it is possible 

18 The halo effect is the expectation that a teacher may hold towards an individual who is 
known to produce work ofa high standard. 
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to raise standards of achievement on external national examinations 

significantly by introducing formative assessment practices with high 

quality feedback in classroom practice. Paul Black and Dylan Wiliam 

( 1998a, 1998b) documented and analysed 250 worldwide studies in 

authentic classroom based environments and reviewed 681 

publications on classroom formative assessment before conducting 

their own research and field trials at King's Medway, Oxfordshire 

Formative Project (KMOP)19 . In Black and Wiliam (1998a, 1998b) using 

control trials reported an increase in effect size of one-half to a full 

standard deviation of test scores20 on national examinations. 

Smith and Gorard (2005) in an experimental study attempted to 

replicate the work of Black and Wiliam and reported that the results of 

their experiments had the opposite effect. Learners in the control group 

not selected for formative assessment intervention did better than their 

counterparts. However, Smith and Gorard (2005) also claim that the 

sample size may have been at fault and possibly insufficient to draw 

valid conclusions. This shows the challenge of trying to implement a 

strategy that is deemed to be effective, but that has no obvious 'recipe' 

and for which: "There is no quick fix that can be added to existing 

practice with promise of rapid reward" (Black and Wiliam, 1998a, p15). 

In other literature that supports the learning culture assertion for 

formative assessment practices there are other polemic distinctions, the 

focus of which is a pedagogic argument, supported by reference to 

other key educational theorists: Ramsden (1992), Biggs (1987, 1993) 

and Crooks (1988). There is an implied criticism of standardised type 

testing per se and of objective test methods as they are perceived to 

19 King Medway Oxfordshire Project 
http:/1www.kcl.ac.uk/education/research/kalovervicw.html 
accessed 10th January 2005 
2 °Control groups - differ by one variable - can be difficult to find -- ethical problems can arise. 
The effect size is the ratio of the average improvement in test scores in the intervention to the 
range of scores of typical groups ofpupils on the same tests. 
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create conditions that invoke 'shallow' or 'rote' learning, as opposed to 

promoting critical thinking and deep learning. There is also an implied 

negative impact on motivation and introduces notions of extrinsic and 

intrinsic motivation. In HE see Dweck (1986), Harlen and Crick (2003) 

and for issues relating to motivation in the LS sector, see Torrance and 

Coultas (2004). Ecclestone (2002, 2004) argues that instrumental 

approaches impact on the learner's motivational force and so fail to 

develop the necessary attributes that promote lifelong learning, 

affecting motivation and impacting on society. Crick et al (2004) discuss 

motivation at the level of theory and identifies seven personality traits: 

(a) growth orientation, (b) curiosity, (c) challenge seeker energy, (d) 

meaning making, (e) imagination, creativity and playfulness, (f) fragility 

and dependence, (g) strategic awareness and learning relationships, 

which have been turned into measurement scales of learner types. This 

could contribute insights into aspects of diversity and personalisation 

useful for evaluation tools if a working CSA model is developed. 

Sadler (1989) points out that assessment design should be linked to 

instructional design and that feedback should be informative - not 

simply a statement of whether or not the answer is correct. Informative 

feedback should form an essential part of the learning loop. Sadler 

identified three conditions for learners to benefit from feedback: 

1. "possess a concept of the goal/standard or reference aimed 

for 

2. compare the actual (or current) level of performance with that 

goal or standard 

3. engage in appropriate action, which leads to closure of the 

gap" (Sadler, 1989, p121 ). 

A theoretical model of formative assessment with feedback has been 

developed by Nicol and Macfarlane Dick (2004) and refined in (2006) 
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which synthesises current thinking of key researchers, (Sadler 1983, 

1989, Black and Wiliam, 1998a, 1998b, Torrance and Pryor, 1998, 

Yorke, 2003). It is based on a model of feedback and self-regulated 

learning originally published by Butler and Winne (1995) and places 

learners at the centre of the feedback process. What this shows is that, 

"[they] learners are always actively involved in monitoring and 

regulating their own performance both in terms of their goals and in 

terms of the strategies being used to reach those goals. " (Nicol and 

Macfarlane-Dick, 2004, p2). The publication is a synthesis of key 

writers and offers 7 broad principles of good feedback practice: 

reflective practice, encouraging dialogue, performance goals, closing 

the gap, information exchange, motivation and esteem and information 

for shaping learning. In a reworked paper by the same authors (2006) 

the principles have been reordered but the broadness of the principals, 

in particular the: provides opportunities to close the gap remains 

problematic from a developmental perspective. 

In general, as frameworks become wider the finer detail is lost. Critical 

knowledge about how the learners actually use the feedback to regulate 

their learning is lacking. If a CBA model was developed and trialled this 

could provide authentic evidence about: self regulation and the type of 

feedback learners found most useful, which could be linked to Crick et 

al (2004) research into learner types. 

2.5 The formative use of CBA 

The guiding steers on CBA design can be found in the research of the CAA 

Centre21 , which is an authoritative source of information on CBA linked to 

objective test methods. While the Blueprint literature and papers reinforce 

the benefits of CBA for a range of assessment purposes, including 

formative assessment, the guidance is firmly based on the front end of the 

11 CAA website http://www.caacentre.ac.uk/resources/ (accessed 10th January 2005) 
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process: best practice in test construction and test item design (Blueprint, 

2001 and Blue papers available from the CAA website see footnote 9). In 

conjunction with the theory and guides of the CAA Centre, Steven and 

Hesketh (1999) sought to increase learner responsibility and support with 

the aid of adaptive assessment22 using CBA Question Mark designer 

software for formative use. 

The Steven and Hesketh (1999) study involved approximately 100 

students, qualitative feedback was provided to learners through a set of 

four tailored feedback templates, which was calculated to be the optimum 

required to produce feedback that would be appropriate for all their 

learners. This was based on their responses as selected from the options 

(the correct answer and the distracters). Initially, a benchmark score for 

each question was determined and set into the software for automated 

scoring. Correct answers all received the same score and incorrect options 

were negatively weighted, using a 4 point scale (from Oto -3). A 

differential grid was created that enabled responses to be grouped, thereby 

circumventing any technical problems that might have arisen if their 

calculations of 70 feedback templates to cover all possible response 

outcomes was correct. The questions and feedback templates were 

implemented in OM and the trial was evaluated in terms of scores 

achieved on the previous years cohort (that did not have enhanced 

feedback) and opinions canvassed from the students, who were very 

positive about their learning experience. 

Some technical problems were encountered in this study with QM 

designer. These were that some of the useful navigation functions had to 

be disabled to enable the adaptive Uump) mechanism to operate and the 

feedback template was too small and so restricted the amount of 

22 Adaptive assessment - CBA test construction design in which the participant receives 
questions based on their previous performance - if, for instance, participants scored 
particularly highly at a given stage of the test, or if a certain question had been selected for its 
difficulty level, the participant could 'skip' further questions and go to a more advanced level. 
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qualitative information that could be supplied as feedback. If this study was 

repeated in the newer QM software, Perception, a scrolling screen could 

be used for the qualitative feedback, giving unlimited space for feedback. 

The study above did not investigate the quantitative feedback, which would 

have been available in OM Reporter software (part of the QM designer 

suite). In a subsequent Blue Paper produced by the CM Centre 

"Principles of Assessment" (McAlpine, 2003) test item design is expanded 

upon that has its focus on explaining item response theory from a technical 

and theoretical perspective. 

This research of McAlpine (2003) informs on the development of test items 

that are sound, valid, reliable and measure what they purport to measure in 

statistical terms. What this research does not tell us is how the quantitative 

information generated by test takers in response to the test items is 

captured in the result files of the CBA system (QM Reporter) and how the 

data could be developed into a process that feeds back information in a 

meaningful way to the teacher or learner for effecting improvement. This 

aspect is discussed in Kleeman (2000) and a preliminary study by Collins 

(2003). In a research article for the NFER Boyle (2005)23 looked at test 

scores in maths for children and found the most reliable statistics tool was 

to convert the estimate of pupil ability output by the computerised adaptive 

tests to an age-standardised score. 

In addition to the work of the CM Centre, there are masses of examples of 

innovative ways of utilising CBA tests for supporting learning. For instance 

the TRIADS24 system is used in the earth sciences and has designed over 

50 question types that can be used to deliver content with video, maps, 

sequencing and positioning to deliver sophisticated MCQs. Nicol and 

Milligan (2006) discuss how MCQs can be delivered in class and the 

2·1 http: //www.nfer.ac.uk/nfer/index.cfm?432F3 l35-EE3E-609B-F9FB-873FF8353CA8 
(accessed February 20th 2008). 
24 Tripartite Assessment Delivery Service homepage: http://www.derby.ac.uk/ciads/ 
Its use in earth sciences http://www.gees.ac.uk/pubs/guides/assess/gees% (accessed 20 
February 2008) 

21 

http://www.gees.ac.uk/pubs/guides/assess/gees
http://www.derby.ac.uk/ciads
www.nfer.ac.uklnferlindex.cfm?432F3135-EE3E-609B-F9FB-873FF8353CA8
http://www.gees.ac.uk/pubs/guides/assess/gees
http://www.nfer.ac.uk/nfer/index.cfm?432F3


responses captured collated and displayed as quantitative data to trigger 

peer discussion. Learners explain the reasoning behind their choice of 

response and try to persuade their peers they are right. Learner's views 

are recaptured again after discussion using the same MCQs (Nicol and 

Milligan, 2006). 

The value of CBA and its impact on raising performance is discussed in 

Pitt and Gunn (2004 ). They have designed self assessment on line quizzes 

and say that given the opportunity to logon at weekends and in the evening 

the learners have increased "flexibility and autonomy to chart their own 

progress" (Pitt and Gunn, 200425). In a study in parasitology by the same 

authors, they show there is a correlation between increased test scores 

and learners who logged on and took the quizzes. An important finding the 

authors point out is that this applies to MCQ test performance only and not 

to interpretive tasks (Gunn and Pitt 2003). 

In the literature there are many examples of this nature. What they all 

have in common is that they are using CBA as an approach to support 

learning (based on objective test methods and practices). As the 

literature shows there are tensions about the type of learning invoked 

by CBA methods. There is a lack of literature on using CBA configured 

around enquiry led approaches and this is the focus of this research. 

2.6 Conclusion: the future of CBA 

There are obvious financial rewards to be gained in the development of 

spin-off resources that accompany high stakes assessment, as in the 

USA, who lead the way in deploying technologies for computerised 

testing and exploit the sale of test practice items (refer to the ETS 

website). The trend in the UK in HE and the LS sector shows that an 

25 Quote from web source http://bio.ltsn.ac.uk/journaJ!vol3 'bt:ej-3-1.htm (accc.:sscd 20 Febrnary 
2008). 
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increase in CBA is expected. There are pockets of good practice in the 

spread and use of CBA linked to objective testing methods. According 

to Sclater et al (2007) the practice is somewhat ad hoe. They 

recommend that items be designed and bought and sold and that items 

and banks of items be developed within a framework of a central 

resource. This is to introduce rigour and consistency into the system to 

make it fairer, more accountable and transparent for the learners. The 

testing culture looks set to expand and there will be a corresponding 

increase in the market for high quality test practice items. While test 

item designers focus on developing test items this may detract or inhibit 

the growth and role of CBA to occupy a place in the learning arena that 

goes beyond mastery models of learning, and strategies for test taking. 

Building on the work of Steven and Hesketh (1999) it is possible to 

design a hybrid system in CBA based on Sadler's (1989) concept of (a) 

making a diagnostic assessment [of baseline skills] and (b) by providing 

feedback. The model could be enhanced by detailing embedded latent 

skills in the test items and by using a Personal Development Plan 

(PDP) as in Collins (2003). The authoring part of the software should 

have been seen as a shell instead of the templates with specific 

functions ( question and feedback) as described in Steven and Hesketh 

(1999). The question template can be used to deliver feedback and the 

feedback template used for presenting questions. To go beyond early 

research and development in CBA requires the investigation of the 

fundamental gaps in the knowledge base and these are: 

• lack of rules and little knowledge about what the Black and 

Wiliam intervention actually is that proves so effective in learning 

• lack of specificity about the technical process of closing the gap 

• lack of research into the design of CBA without the underpinning 

objective test methodology 

23 



• lack of literature on CBA design as a collaborative learning tool 

to support interpretative tasks 

• lack of literature on how CSA can be configured around enquiry 

led learning 

The grouping of the literature into testing and learning approaches 

shows differing perspectives on how to raise standards, but approaches 

to implementation differ. Agreement on the use of feedback as an 

intervention strategy is evident, but lacking are specifics about 

'effective' feedback practices. Primary research is needed to contribute 

knowledge of feedback as a process, so that it can be mapped in CSA. 
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Chapter 3 Research Methods 

3.1 Methodology 

The methodology is based on research and development practices for 

designing new tools or products. This is envisaged as a four staged 

process. The first stage evaluates the literature, which identifies the 

potential to develop CBA and identifies gaps in the knowledge base that 

is necessary for development. The second stage conducts research into 

the specified approaches (CBA and FA) to build the evidence base on 

which to formulate theories about the components required for a new 

theoretical model configured around enquiry led learning. If the process 

was taken to the fourth stage it would involve development of a working 

prototype. The final stage would be testing, evaluation and refinement. 

3.2 Scale and scope of the research 

The scale and scope of the research in this thesis is to take forward the 

development of the CSA idea for design from inception to the 

theoretical model stage. Two lines of research: CM and IFA for their 

potential to offer distinctive contributions to a new design are sourced: 

CAA research to inform on the design of CBA liked to objective test 

methods and IFA to support primary research into the nature and 

content of an enquiry led learning approach. These examples are 

combined with personal professional research and practical experience 

and expertise in the delivery of CSA and FA. In this thesis theoretical 

models of components have been designed for application in a 

theoretical model populated with subject content to serve as an 

exemplar: Kilauea exemplar. Outside the scope of this thesis is to 

operationalise and develop into a working prototype in a software 

system, such as Question Mark Perception. The scope of the research 

that informed the concept and design of the theoretical model was 
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guided by the literature review and bounded by the scale of the 

evidence base of the primary research which gathered examples of 

best models of feedback sourced from two lines of research described 

in 3.4. The research uses dedicated assessment software, so may 

have restricted transferability26 . 

3.3 Aims and Objectives 

The overarching aim as specified at the outset in the research plan and 

indicated in chapter 1 is to investigate making CBA a more effective tool 

for learning. Specifically, the aim is to: 

• research the development of a theoretical model for an enquiry 

led approach in CBA 

Central to improvement of CBA as a tool to support enquiry-led learning 

is the design of feedback. CBA produces two different kinds of 

feedback and both have their strengths and areas needing development 

for maximum benefit to suit an enquiry-led approach. 

The objectives are to: 

• explore the potential to develop CBA to support enquiry led 

testing and learning 

• gather, analyse and model instances of spoken feedback 

(question and answer interactions) in vocational contexts and; 

• map communicative functions of dialogic feedback according to 

the typology27 of principles, role, function and cognitive purpose, 

26 Not all the functions offered by Question Mark may be available in other more generic 
systems even through they may have the functionality to score multiple-choice questions etc. 
27 Typology- refers to the classification of feedback into 'types' as identified in the ARG 
guide (2002, p2) 
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with reference to the guide "Research-based principles of 

assessment for learning" ARG (2002a, p2) 

• develop a hypothesis led item type (the Kilauea exemplar) as a 

context specific theoretical model 

3.4 Research approach and lines of research 

The approach linked two lines of research together: Improving 

Formative Assessment (lFA) and CAA, which I have a background in 

and practical hands on experience of designing and implementing CSA 

at the University of Bedfordshire (formally Luton). The background to 

the respective research projects are: The CAA project was a national 

project, whose main outputs include a national survey on the use of 

CAA and guides to inform best practice in the design and use of CAA 

linked to objective test methods. The IFA project is a national project 

aligned to the research of Black and Wiliam and the ARG. It is 

concerned with raising standards by improving the quality of teaching, 

learning and assessment. This is achieved through action research 

methods involving the delivery of professional development workshops 

using a problem based methodology. 

3.5 Limitations of the approach 

There are limitations to the approach in that a wider study of e

assessment may have informed on the range of innovative technologies 

used to support enquiry led learning. But the intention was to keep the 

research focussed on feedback in automated assessment tools. CSA 

itself is limited in that it is bound into the methodology of objective 

testing and other forms of e-assessment that are not bound in this way 

lack the automated scoring, marking functionality and instead use 

collaborate forms of marking or peer marking etc. 
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In the IFA project that builds on FA, whilst it has been established that 

the intervention works and can evidence the extent to which it works (by 

using test measurement) what remains opaque is how it works. A 

reservation is that the original research was conduced prior to 1998, 

and whether or not it is replicable today is questionable, given the 

changed demographics of the population and the impact of the learning 

culture. The research is based on empirical studies conducted with trial 

control groups28 and has yet to be disproved by any robust research. 

3.6 Research Methods 

The general research methods used in this thesis are literature review 

and classroom observation. Specific methods used are: 

• Literature review, realist synthesis method (Pawson et al, 2004). 

• Item analysis: CBA statistics generated in Question Mark 

software are based on the Pearson product method 

• Dialogic feedback analysis based on computational linguistic 

methods of corpus linguistic (Stubbs, 1996) and; 

• Natural language processing (Gazdar and Mellish, 1989) 

Generic methods used for analysis are grounded theory ( qualitative 

data) set theory ( categorisation) classical test theory (item analysis). 

3.7 Literature review methods 

Methods for conducting the literature search needed to take account of 

the multi disciplinary and multi faceted dimensions in highly specialised 

28 Trials of interventions using control groups, in particular with st1cial science subjects an: 
problematic as it is difficult to replicate contexts across the groups, and otten therl.! are ethical 
issues to overcome. 
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domains upon which this thesis wished to draw. The literature review is 

based an approach by Pawson et al (2004) "Realist Synthesis", which is 

a type of enquiry led approach. It involves a method of defining the 

problem, theory elicitation, searching and extracting data for review and 

synthesis in a contextualised and theory driven framework. 

"A Realist Synthesis, understood at its simplest level, is the 

process of gathering together existing evidence on the success ( or 

otherwise) of the journey." (Pawson et al, 2004, p4). 

The interpretative framework is important for the IFA research that 

takes a phenomenology approach. The IFA research with its roots in 

grounded theory has an evidence base that covers the disciplines of 

social sciences: education and assessment, while the CM evidence 

base is rooted in computer science involves the fields of technological 

applications, computational linguistics and cognitive science. Coupled 

with this are the policies and practices that span the differing 

educational sectors. A strict systematic review, as used for conducting 

reviews of evidence based policy as in a full Evidence Policy Practice 

and Information (EPPI) review 

http://eppi.ioe.ac.uk/EPPIWeb/home.aspx (accessed 3rd April 2007), 

applies a linear process, with search strings specified at the outset and 

this makes it repeatable across teams of researchers, but less flexible 

to new information. A realist review, in contrast, is formulating theory 

and abstraction as it evolves, making it a heterogeneous and iterative 

process, which encompass other literature and issues as they surface. 

A method that can encompass the multiplicity of terms that collectively 

describe formative assessment and CBA was required at the outset, as 

is a sound grasp of the conceptual framework surrounding the use of 

the term formative assessment for the inclusion / and exclusion phase 

of the review. These are areas in which I have subject and expert 

knowledge, thereby making it possible for me to direct and target 
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searches, while maintaining a strategy that offered the flexibility to 

encompass new literatures and authors as they surfaced. 

3.8 Literature search methods 

The literature search method is systematic in approach and draws 

together strands of personal expertise as in the use of an IFA and CAA 

literature already known. The search strategy offers a common sense 

and practical approach that gives coverage of the research in the main 

fields of investigation and included the following methods: 

• Tile piling29 - bibliographies from seminal papers in Formative 

Assessment Practices as known to me through expert groups in 

(IFA) and (CBA) to identify authors 

• Searches - on the Internet and journals accessed through 

electronic databases/gateways to establish scope 

• Expert groups (IFA, CBA) and word of mouth. 

A broad scoping search was carried out through EBSCO HOST and 

Google Scholar. The following terms were selected and a search string 

used in July 2005. 

[formative assessment OR teacher-based assessment OR computer

based assessment OR computer assisted assessment OR classroom 

assessment OR baseline assessment OR profile OR portfolio OR 

process assessment OR learning process OR learning outcome AND 

feedback OR formative assessment AND (compulsory OR vocational 

OR further OR learning and skills] 

29 This is the act of taking seminal pieces ofliterature and compiling author bibliographies 
based on the works cited. It is akin to using Google Scholar to identify other works cited by the 
same author. 
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The following journals were selected to give broad coverage of the 

various aspects of the study: policy, AfL and CSA. These were available 

electronically and searched by year forward using specified author's 

names identified from the tile piling exercise. This was carried out in 

September 2005. More recently, brought up to date (December 2006) 

by the inclusion of electronic hand searching of specified journals as 

indicated below *: 

• Active Learning (2004+) 

• Alt-J (Association for Learning Technology Journal) British 

Journal of Educational Technology (2000+) * 

• Assessment and Evaluation in Higher Education (2004+) 

• Assessment in Education: Principles, Policy and Practice 

(2004+)* 

• British Educational Research Journal (2004+) 

• British journal of Educational Studies (2004+)* 

• Educational action research (2004+) 

• Journal of vocational education and training (2004+) 

• Journal of education policy 

• Public policy research (2004+)* 

• Research in post-compulsory education (2004+) 

Conference proceedings specifically aimed at CBA were 

electronically hand searched on the following websites: 

• CAA International conference proceedings, (9th annual 

2005) 

• Loughborough, http://s

d.lboro.ac.uk/caanew/pastConferences/2005/proceedings/ 

index.asp 

• CAA Centre http://www.caacentre.ac.uk/ 
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• Scrolla Assessment proceedings 

http://www.scrolla.hw.ac.uk/ 

• ALT C conference proceedings 

http://www.alt.ac.uk/altc2005/ 

• IFA website at http://www.education.ex.ac.uk/ifa/staff/ 

A further literature search was conducted in March 2007 on the known 

websites as listed above plus in addition the following two websites to 

establish if there were any case studies of item design that focussed on 

providing feedback and developing CBA in the way in which this thesis 

is now proposing to do. These are: 

Perception http://www.questionmark.com/uk/index.aspx 

Educational Testing Services 

http://www.ets.org/portal/site/ets/menuitem.3a88fea28f42ada7c6ce5a10 

c3921509/?vgnextoid=85b65784623f4010VgnVCM100OOO22f95190RC 

RD 

A matrix of key words was designed to comprise the key terms was run 

in EBSCO Host. 

Computer-assisted learning student led hypothesis 

Computer-based assessment learner led enquiry 

Plus authors: Bennett, Burstein, Gazdar, Landauer 

3.9 Limitations of the literature review 

The limitation of using the Realist synthesis approach is that it is not 

exhaustive by nature and relies of expert knowledge and judgement. By 
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taking a three pronged search strategy articles in journals or on 

websites not selected for particular inclusion (and therefore not hand 

searched) will have been picked up by the search engine and EBSCO 

Host searches. Given the non-consensual nature of the term formative 

assessment hand searches based on personal and expert knowledge 

were conducted. An initial trawl of this literature revealed that the 

weight of the literature is about ways of using technology for innovative 

practice, whereas, this research is specifically about ways of developing 

the CBA tool. Therefore, the literature review is bounded by purpose. 

3.10 Primary research 

Primary research is conducted to inform development design. With the focus 

on two lines of research: the CM Centre30 and IFA31 the research emanates 

from different traditions and entails mixed methods: quantitative data drawn 

from HE for CBA data (conducted in 2003) and qualitative data from two 

locations in the LS sector (conducted 2006). The source of the qualitative 

(dialogic feedback) data was a Further Education College (FEC) in the South 

West and the other a FEC in the Midlands. The purpose of the fieldwork 

was to gather prime examples to support theoretical identification of the 

pedagogic and communicative functions of the activities and the interactivity 

of dialogue and QA routines at an abstract level to determine the structure 

and process as follows: 

(a) The form and substance of the content and; 

(b) The process - the over-arching structure of the feedback in terms of 

the abstract high level organising principles. 

3°CAA Centre http://www.caacentre.ac.uk/resources/ (accessed February 2008). 
·11 IF A project - funded through 1--iuffield, QIA, NRDC 
http://www. lsned uca tion. org. uklre search/ c entres/R CFT eachLeam CurricQual'pro grammes.aspx 
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This forms the evidence base from which inferences are made to chart 

and map the processes into theoretical models that help explain the 

processes sufficiently to enable the development of a theoretical (context 

specific) model for application in CBA. This model would serve as a 

basis for modification and refinement if developed into a working model. 

3.11 Selection of CBA examples 

For the study, three computer-based assessments were chosen from a 

bank of CBA tests. The main selection criterion was that the tests profiled 

generic32 skills and competencies (transferable or key skills) and that they 

resembled each other in respect of: number of test items, range of 

question types used, number of candidates. The modules selected offered 

the best fit to the criteria from the bank of CBA resources. Less than ideal 

is the variance in the number of candidates on the PDP labelled modules 1 

and 2 for statistical comparison, but offers the advantage of being 

consecutive in terms of progression from BSc Certificate level to HND. 

32 The term generic is used to mean PDP tests measure general skills and t(l!11petendes. which 
may be transferable, but are constructed to be relevant to the subjcd or wpk area. 
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Details of the examinations selected as exemplars are as in table 1, below: 

Module Subject Award & No of Noof Question types 

Level learners items 

(1) PDP Information HND 90 44 MC, MR, HS 

Systems HE (2) 

(2) PDP Information BSc MC, MR, HS124 44 

HE (1) Systems 

MC, MR, HS,Psychology BSc 111 46(3) Scheme 

SelectionHE (1) module 

Table 1: Examination details of selected CBA tests. 

Acronyms used: Personal Development Planning (PDP) 

Higher National Diploma (HND) BSc (Bachelor Science) HE(1) refers to 

the Framework for Higher Education Qualifications (FHEQ) and level. 

Multiple Choice (MC), Multiple Response (MR) Hot spot (HS). 

3.12 Selection of dialogic examples 

The intention was to collect high quality feedback provided by teachers 

and lecturers based on the principles and practices of the Afl regime 

raises standards (Black and Wiliam 1998a, 2003). The examples were 

drawn from practitioners who had undertaken FA developmental 

workshops, making the research a selective process. Authentic 

examples of feedback were gathered from selected fieldwork sites 

taking place within two Further Education Colleges. The research 

covered one class from each of the following vocational qualifications: 
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• STEC National Diploma Media Production (NQF level 3) 

• BTEC National Diploma Public Services (NQF level 3) 

The level descriptors above refer to the National Qualifications Framework 

(NQF). This relates to the CBA data in that they are progression routes 

from the base of NQF level 3 to the Framework for Higher Education 

Qualifications (FHEQ) HE1 and HE2, as equivalent to the NQF levels 4 

and 5 respectively. 

The STEC National Diploma in Media Production was observed and notes 

made in relation to the principles of Afl (ARG, 2002b). The BTEC National 

Diploma Public Services was observed and digitally audio recorded to 

capture the feedback interactions between teacher and learner. 

3.13 Sample Sizes 

The cohort of CBA data is approximately 100 learners per test And 

three tests were gathered. Approximately two hours of classroom 

interaction was observed out of which two film and peer critique 

interaction was documented. Approximately two hours of audio 

recording was collected and transcribed . 

3.14 Ethics 

Ethical issues arise because human subjects are involved. The 

research adhered to the procedures based on British Educational 

Research Association33 (BERA) guidelines. Participants were over 16 

but informed consent was needed as classroom observation, including 

notes and a digital recording was made. An ethics statement and 

consent form was drawn up by our partners within the IFA project 

(appendix 3), which includes permission for the use of the data for IFA 

·13 BERA http://www.bera.ac.uk/ (accessed April 2007). 
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project and includes the use of the information for research degrees. 

This form was used at participating sites and pseudonyms have been 

assigned for colleges and their participants. The ethical issues relating 

to CBA concerned raw data. The data extracted from the CBA system 

does not include any personal identifiers at source, which are held 

separately within the administration systems of the university. 

3.15 Methods of data collection and storage 

Two strands of performance data were collected 

• Dialogic and CBA feedback was united by classification as 

performance data and made into separate data bases 

• Statistical CBA data of test takers performance was captured in 

Question Mark software using the in-built functionality of item 

analysis based on the Pearson Product method of analysis. The 

data needed to be transferred to EXCEL to band and calculate 

the differential between top and bottom bands of candidates. 

• Dialogic feedback was captured in authentic situations by class 

based observation. A digital recorder was used, sound files 

uploaded transcribed into text to enable a hard copy for inclusion 

in this thesis. This text was imported into ATLAS ti v5 qualitative 

software. The components were identified by a method of corpus 

linguistics (listing the items by type and token) with the statistics 

generated by the software. The structure of the dialogic feedback 

was identified by interpretive methods of manually coding the 

utterances to yield insights into the structure of the process. 

• The communicative principles of feedback were captured 

through classroom observation, using the ARG Principles of 

assessment against which the function of the feedback observed 

was plotted and field notes made into a table, see appendix 1. 
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3.16 Methods of data analysis and evaluation 

The method used for this context specific data analysis and evaluation 

takes a computational linguistic perspective and theoretical approach. 

The unknown entity of how the learning gap is closed is conceptualised 

to the construct of parsing information. This was to enable the 

performance data to be analysed and data extracted at the level of 

theory to inform of the processes needed for modelling an exemplar. 

Methods for analysis and evaluation were drawn from linguistic corpus 

analysis, Natural Language Processing (NLP) and statistical item 

analysis. Disparate forms of feedback (dialogic and statistical) were 

grouped and classified using the overarching class of performance 

data. The data once analysed is modelled and transferred into a 

theoretical item type in a new context specific exemplar. 

3.17 Validity of the method 

The research method of this thesis is designed to take into account the 

dual aspects of the research. Validity in respect of CBA test 

measurement holds only in so far as the test measures what it purports 

to measure. Validity in terms of the IFA research is only valid in so far 

as it represents context specific cases. It was important to capture a 

first or baseline example as a first example, which can later be refined 

as new information surfaces. The model to be developed is also highly 

contextualised, but offers the potential to transfer to other subject areas. 

3.18 Reliability 

The reliability of the methods is high in relation to computer generated 

data and analysis, in the sense that are they replicable, but that it 

represents a snapshot of performance at that particular time. In relation 

to dialogic feedback, reliability in this thesis is dependent upon the 
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researchers' judgments in the class observations and what the 

researcher brings to the interpretation. In this thesis a copy of the 

coded dialogue was passed to the tutor for comment, but there is no 

process for inter-rater moderation as there would be in a qualitative 

research team environment. With regard to CBA the system used in 

this study, although currently widely used throughout HE and work 

based industry will not necessarily have the full functionality, making the 

potential of transference to other systems more problematic. 
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Chapter 4 Results and analysis of CBA 

4.1 Introduction 

This chapter presents the findings of the exploratory CBA item analysis that 

was conducted to investigate the potential of CBA to fulfil a diagnostic 

function and serve as a learning tool (assessment for learning) over and 

above its more widely established use as a tool for summative assessment 

(assessment of learning). It is based on my previous primary research 

(Collins, 2003) into skills profiling and is relevant to the aims of this 

research into how to improve and optimise the use of feedback in a CBA 

environment. The data is authentic and so provides a worked example of 

the kind of quantitative feedback generated and gives an indication of some 

of the issues associated with the interpretation of the data for feedback 

purposes. Tracking progress, monitoring performance and measuring 

improvement over time form a critical part of the learning process and is 

integral to the personal development plan or individualised learning record 

(ILR) or Personal Development Portfolio (PDP). 

4.2 Quantitative item analysis of performance data 

The reporting functionality of most CBA software generates data that can 

inform on the performance of learners, so that the test participants 

(learners) or teachers/lecturers can use the data to help identify areas of 

strength and areas for development. In effect this is the same principle as 

that behind the formative assessment premise of closing the gap between 

where the learner is now and where he/she wants or needs to be in 

educational terms. The CBA software Question Mark used in this study has 

the capabilities of generating various statistics, which give useful 

information on questions and which with interpretation can determine the 

effectiveness of test items and so improve test validity and reliability. 
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4.3 Authoring and reporting functionality 

The question types used in the 3 CBA examinations were all based on 

objective test design and are all closed question types ( does not allow 

formulation of new answers/solutions). These are all variants of Multiple 

Choice Questions (MCQs). The graphical hot spot is in visual form and 

allows a marker to be placed within a specified area, rather than text. 

• Multiple-choice (MC) - Presents the question wording and 4 

options (typically) from which the candidate selects 1 answer or 

solution. 

• Multiple Response (MR) - Presents the questions wording and a 

range of options. The candidate may select one or more answer 

or responses. It is possible to either increase or decrease the 

ratio of correct to incorrect responses from the norm of 1 :4. 

• Hot Spot (HS) - Presents the question wording and a marker 

that the candidate is required to move to an area on the screen. 

This is a very powerful and visual orientated question type. It is 

mostly used to display graphical information. An area of the 

screen is designated as the correct location for a score. 

• Selection (Sel) - Presents the question wording and a drop

down list of options from which the candidate selects one from 

the list of options. The number of items in the list may vary. 

Typical selection questions will have a ratio of 1:6. They are 

used for matching or ranking questions. 

Initially, a report for each of the exams was generated in the CBA software 

and learners rank ordered based on the average score as a percentage of 

the maximum score achievable. The high and low scoring 20% of 
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candidates were selected and banded into two groups. A question analysis 

report for each group was generated and exported to EXCEL. This 

includes statistics on the average score, facility difference and 

discrimination. The scores was calculated to identify the difference 

between the two group's performance across each of the examinations 

and then weighted against maximum achievable scores. The difference in 

weighted scores of the bands by examination and item is in figure 1. 
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Figure 1: Difference in score of high and low band (weighted) 

Figure 1 shows the difference in the scores of high and low bands and 

quantifies the educational gap in achievement between the two bands of 

learners across the examinations on various items (questions). 

• Where the weighted difference in score is below 0, this indicates 

that the low band scores for the question was in fact higher than 

the high band score. For instance, see PDP HND, item 27. 

• The high weighted scores (e.g. Scheme Module, q34 0.68 and 

q26 0.63) shows where the difference is greatest between the 

performance on the two bands 

The statistics show patterns about the similarities and differences and pin 

point specific items. The items listed above in the bullet points need to be 

looked at in greater detail to establish any underlying reasons. In order to 

understand the gap in achievement more specifically, we need more meta

data about the item that was being assessed and possibly also this needs 

to be correlated with the profile of the learner, to establish, for instance 

whether or not one particular question or question type is more difficult for 

a particular ethnic group or cohort of learners. 
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Facility is the level of difficulty of a question. The facility scores were taken 

to help identify if certain question types proved easier or harder to answer 

than others. The facility scores were generated in the CBA software, which 

calculates the average score for the question divided by the maximum 

achievable score. This was expressed in terms of low, mid or high 

difficulty level, taking 70% or above as indicating a low level and 30% and 

below as indicating a high difficulty level for each of the questions. An in

between score was classified as a mid level difficulty question. This helps 

to inform on the validity of the item and reliability of the examination. 

The CSA software calculates discrimination using the standard Pearson 

product-moment correlation. 34 Discrimination is the statistical correlation 

of the question and score and the overall test score, which helps to 

measure the capability of the item to distinguish between stronger and 

weaker items. This is used to gauge the value of the test item to see if 

certain question types proved easier than others. The table below shows 

an illustrative example of a data table with the information available. 

Scheme module 
Question 
Number 

Question 
Type Difference Facility Difficulty Discrimination 

Max 
Score 

4 me 0.5 0.17 high 0.19 3 
33 me 0.9 0.3 high 0.25 4 
14 sel 4.5 0.46 mid 0.43 12 
15 me 0.8 0.46 mid 0.27 4 
46 mr 2 0.79 low 0.46 6 
2 me 0.6 0.91 low 0.19 3 

Table 2: Example of data table from Scheme Module 

Data in this format shows the MCQs are a versatile question type 

operating at all levels. The MRs and the Selection questions are least 

discerning. This is probably due to higher ratio of correct/ incorrect options. 

34 For further details of this method and others see: McAlpine (2003), A summary of Methods 
of Item Analysis, Bluepaper, no 2, CAA Centre. Also see Bull et al (2001 ), Blueprint for 
computer-assisted assessment. 
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4.4 Examination performance data 

1. PDP Module HND information systems (HE2) 

This module is a PDP module in information systems. The topics covered 

in the exam include test items that relate to presentation skills, research 

skills, computer search skills, database systems, library and learning 

resources, writing skills and technical manual writing. The table below 

shows the performance of the total learners and the breakdown between 

top and bottom scoring candidates. The percentage pass mark for this 

examination is not known. 

Total learners high band low band 

Number 90 18 18 

Average Score 52% 66% 36% 

Table 3: PDP HND: Total learners in high and low band (20%) 

There were 44 questions in the examination. The average scores identified 

one incident where the bottom group scored more than the top group. 

This was on a multiple-choice question. Further investigation revealed the 

following information. The item was classified as a 'high' difficulty level 

and had a negative discrimination score of -0.9. This would indicate that 

this question has a poor correlation with the test score. This means that 

candidates' performance on this item is not indicative of their performance 

for the entire test. A further breakdown of the question into the responses 

for each option reveals that the difference was in fact only one response. 

Also there was a strong distracter (option 1) and it is unusual to have only 

3 options in an MCQ question. This question should be revised. 
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The breakdown of the item that needs to be revised: PDP HND, item 27 

identified in figure 1. 

Options (distracter) high band low band 

1 61 % (11 responses) 39% (7 responses) 

2 17% (3 responses) 28% (4 responses) 

3 correct answer 22% (4 responses) 33% (6 responses) 

Table 4: Multiple-choice question split by option chosen 

The bar chart in figure 2 shows the breakdown of question types used in 

the examination. Overall, there were 44 questions. There were 32 

multiple-choice questions, 9 multiple response and 3 hot spots. The 

numbers inside the bars are the facility figures. They are the average of 

the top and bottom 18 learners' scores on those particular question types. 

1. PDP Module information systems (HND HE2) 

Facility score per question type 

D Low band ■ High band 

Hot Spot 

Multiple Response 

Multiple Choice 

0. 1 0. 2 03 0.4 05 06 07 08 

Figure 2: Breakdown of facility score, per group, per question type 
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The bar chart in figure 2 indicates that the performance of the learners on 

hot-spot questions proved the most powerful in discriminating between the 

stronger and weaker learners. The hotspots questions used in this 

examination required the candidates to move a marker onto a designated 

area, which contained text. In this examination multiple-choice questions 

also function to discriminate between stronger and weaker candidates. 

2. PDP Information systems (BSc HE1) 

This examination is the next level of the PDP examination for information 

systems. Topics in this examination are the same as the previous one. 

The questions are assessing knowledge but require more subject 

specialist knowledge. To answer these questions the learners require 

more detailed and intricate understanding of the subject. The profile of the 

examination is as below in table 4. 

Total learners high band low band 

Number 120 24 24 

Average Score 62% 77% 48% 

Table 5: Total learners in high and low band (20%) PDP BSc HE1 

The overall performance of both groups of learners on this test was higher 

than the previous test, with the top and bottom overall difference remaining 

approximately the same. The chart produces a similar profile to the last 

examination across the question types. The performance of learners 

taking this test shows that although the difference between multiple-choice 

remains the same, the gap between hotspot scores has lessened and 

likewise with the multiple response questions. The breakdown of the 

question types is on the bar chart at figure 3. 
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2. PDP Module information systems (BSc HE1) 

Facility score per question type 

□ Low band ■ High band 

Hot Spot 

Multiple Response 

Multiple Choice 

Figure 3: Breakdown of facility score, per group, per question type. 

There was one incident of where the discrimination had a negative index 

On investigation the following table provides a breakdown of question 22 

showing the times chosen for distracters and correct answer (key). The 

item fails to discriminate between the high and lower bands and the guess 

factor might be the cause in this instance. 

Options high band low band 

1 (distracter) 50% ( 12 responses) 42% (10 responses) 

2 ( distracter) 21 % (5 responses) 42% (10 responses) 

3 (distracter) 21 % (5 responses) 8% (2 responses) 

4 key (correct answer) 8% (2 responses) 8% (2 responses) 

Table 6: Multiple-choice question (number 22) split by option chosen 
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The number of responses is 44 in total and distracter 1 was chosen by half 

of the top group, while distracters 1 and 2 were chosen equally by the 

lower band. This may be due to a popular misconception, or it could 

indicate that the subject was not covered in the teaching. 

3. Module 3 Scheme module, psychology (BSc HE1) 

This module is a scheme module called "Everyday Psychology" at degree 

level HE1. Scheme modules are modules which can be studied outside the 

main field or subject area. The topics covered in the examination include 

test items that relate to cognitive processes, psychology, emotions, 

everyday relationships and statistics on probability. The questions appear 

to be designed to test a range of cognitive skills on the basis of Bloom's 

taxonomy of cognitive skills (1956)35 . Thus, some questions are 

assessing: knowledge, comprehension, application analysis and synthesis. 

This is achieved through using a variety of question types and the 

inclusion of detailed case studies and scenarios36 . The overall profile is as 

follows: 

-·--·-·~ --

Total group high band low band 

Number 111 22 22 

Average Score 52% 66% 37% 

Table 7: Total learners in high and low band (20%) Scheme (BSc) HE1 

The examination contained 47 questions of which 25 were Multiple-choice, 

13 were Multiple responses, 2 were hot spots and 7 were selection 

questions. The marking scheme was therefore more complex than the two 

previous examinations used in the study. In the chart below scores are 

35 Bloom's taxonomy is hierarchical and subsumes previous categories (knowledge, 
comprehension, application, analysis synthesis and evaluation). 
36 This is a general statement based on my professional judgement as a learning technologist 
employed in the design of these examinations. Most knowledge questions are easily identified. 
The problem areas are generally in identifying synthesis. 
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calculated using facility to enable comparison. The figures in the bar 

represent scores from a maximum achievable of 1 per question. 

3. Module 3 Scheme module, psychology (BSc HE1) 

Facility score per question type 

□ Low band ■ High band 

Selection 

Hot Spot 

Multiple Response 

Multiple Choice 

Figure 4: Breakdown of facility score, per band, per question type. 

The bar chart in figure 4 shows that the high and low bands performed to 

their levels with no one particular question type proving especially more 

difficult than the other. However, the greatest variance was between the 

multiple response questions and the selection questions. This is probably 

due to ineffective score scheme, whereby in a multiple response question 

the responses were not scored as a group of correct responses. 
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4.5 Key points of the research 

The quantitative research holds the potential to inform on test item design, 

test construction and performance of learners. The results need to be 

interpreted if learners or educators want to use the results to refine and 

modify teaching, learning and assessment practices. The use of the 

feedback reports can inform on the performance of an individual, learners 

by band or as a whole cohort. Item analysis contributes information about: 

• differences in responses to items that require further investigation 

• highlights suspect items (unpredictable results) which can be drilled 

down to the level of responses to options (distracters) but statistics 

need to be interpreted and so to aid this action; 

• an error analysis is needed to establish if the problem is due to 

design elements or fundamental misconceptions in understanding. 

The type of information available could be improved if the precise nature of 

what is being assessed is specified at the outset and meta-tagged by 

question and type. If this was done, learners could build a profile of their 

own generic skills and competencies as indicated by their performance on 

PDP type modules and track progress. Learners can use this for personal 

best record or measure performance against other groups or bands of 

learners. Therefore we can conclude that if this information was used as a 

type of formative assessment 37 learners could use it to help improve their 

performance in test taking. However, teachers using these statistics 

should not interpret them as absolute indicators of how well they teach or 

how well their learners have learned and need to think outside of a deficit 

model of learning and more holistically towards knowledge construction. 

37 Used here in this instance to mean a non credit bearing measurement (for use as a type of 
profiling tool) but not contributing to an award or not a final or end ofphase test. 
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The aim of this research is to use CBA to help support enquiry led learning. 

The best feature of this kind of feedback is that the information can be used 

as the basis or substance upon which to formulate action plans, analyse 

and reflect upon skills and competencies. In order to produce a profile for 

the individual learner test items would need to: 

• Specify the range of skill, competencies being assessed as 

embedded variables by meta-tagging e.g. question type, mcq etc 

and by educational outcome, e.g. knowledge, etc 

• Stored in a bank and; 

• Calibrated (against cohort(s) and revised) and; 

• Identified by the skills and competencies being assessed by the item 

For this to be developed into a type of PDP or Recording and Recognising 

Progress and Achievement (RARPA) meta tags would need to be specified 

at the test construction design process. An indication of the type of meta 

tags required what this might look like in conventional CBA practice has 

been designed for the purpose of this thesis at table 8. 

Table 8 is based on Blooms' taxonomy of educational objectives (1956) and 

mapped to this are the illustrative sub-skills drawn from various taxonomies 

as pooled in (Bull and Collins, 2001 ). Against this has been set the 

question types that Question Mark supports but this should not be read that 

certain question types supports particular educational objectives as there is 

no research to substantiate this (but there are some observations from 

practice, I discuss later). The 'item loading' has been put in as it is 

important for the interpretation of the results for teacher and learner to know 

if certain question types proved more difficult or easy for them. 
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Table 8: Measuring learning outcomes based on Bloom's (1956) 
taxonomy 

Question Item Item Educational illustrative 
Types* No embedded objective Sub-skills 

loading (Taxonomy) 
Multiple Choice 1 1 from 4 (or Knowledge 

1:6 etc). 
Multiple 2 Grouped Comprehension 
Response /ungrouped 

scores 
Graphical hot 3 Visual Application 
spot 
Assertion/reason 4 Text/ Analysis Identify 

numeric patterns 
recognise 
components 
and their 
relationships 

Drop down list 5 Prompts Synthesis Generalise, 
integrate 
predict 

Drag and drop 6 Visual Evaluation judgements, 
spelling evaluate, 
Sequencing defend, 

discriminate, 
Text match 7 Spelling 
/numeric Formula 

Table 8: Measuring learning outcomes based on Bloom's (1956) taxonomy 

The table is for illustrative purposes and shows the type of information that 

needs to be mapped to improve the information supplied as feedback. 

Question types carry inherent embedded characteristics. For instance, a 

drag and drop is usually a visual question type, while an MCQ tends to be 

more text/ language dependent (although, not necessarily so). Therefore, 

it would be helpful if a question type was tagged to reflect delivery mode. 
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A test item will have a score loading. For instance in general a MCQ will be 

any 1 from 4 (but necessarily so). A multiple response may be any 3 from 6 

and so if this is not grouped will yield a higher score of any 1 from 2. 

An item carries embedded skills, generally along the lines of Bloom's 

taxonomy and embedded within these are sub-skills. 

• The research does not show any link between use of a particular 

question type and for a particular skj// /evel. It is more likely that any 

such link is subject specific and context dependent rather than linked 

to any skill levels. In my experience there is a tendency for multi

media and visual question types to be used in assessment of ESOL 

at the lower level of language competencies and in HE used at the 

higher cognitive skills levels where innovative and sophisticated 

scenario's can be developed to test for sub-skills of prediction etc. In 

general, Multiple-choice questions are perhaps the most versatile 

and will cover a wider range of the skills, than for instance, the 

assertion/ reason type question. Assertion/ reason question type is 

more often use to assess higher order skills involving analysis. 

The relevance of this to the research in this thesis is theory development. 

The example shows how the principles of objective testing can be deployed 

to support subjective assessment, to take CBA a step closer towards the 

goal of developing a tool to support enquiry led learning. 
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4.6 Developing quantitative feedback 

The research yields insights into CBA capabilities and what needs to be 

done to improve feedback for use in an enquiry-led design. But there are 

alternative models to be considered. One is to: 

• retain the principles of objective testing and design a scenario as a 

problem led item type based on a quasi MCQ principle. Use closed 

question types in the first instance and adaptive testing with 

feedback designed on two levels (easy and hard) 

• Use the quantitative feedback for peer discussion and critical 

reflection in a PDP. 

This type of model could be similar to the Steven and Hesketh (1999) but 

adapted in the software to overcome the problems they experienced. What 

would be interesting based on the research as above is to design a hybrid 

using the closed question types but with questions formulated in different 

question types and perhaps link this to research on learning types, e.g. 

Crick (2004 ). This would be a hybrid approach that for enquiry led learning 

would give more control of the delivery mode to the learner. 

Alternatively, there is a second approach that could be taken. The software, 

although conceived as a test implement is in fact a generic tool and so can 

be deployed to measure whatever it is set to measure. So option two is to 

develop CBA as a tool for enquiry led-learning by reconfiguration by: 

• divorcing CBA from objective testing and design a scenario based 

problem with qualitative information supplied as feedback in 

response to actions taken by learners and use the quantitative 

feedback used to register and correlate answers to produce a 
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collaborate response, that with caution might be considered an 

acceptable answer38 . 

The statistical data produced at the back end of the software will identify 

patterns of usage and enable differences and similarities in the steps taken 

to resolve the problem to be identified. Because problems may be solved 

using different strategies, in this system there will be no unequivocal wrong 

or right answers but a score will be set as a proxy value assigned to the 

type of feedback requested. In the first instance proxy measures will be 

assigned by an expert and then later compared to the individual and the 

cohort and revised. So, facility will represent not an absolute score as in 

the research above but will be a proxy measure of the value and worth of 

an action (as set by the expert) to the resolution of the problem. 

Discrimination could be used as a measure of how well a particular action 

(feedback type) called for will be as a predictor of the likelihood that the 

problem will be resolved by the learner. 

4.7 Conclusion 

In conclusion, the statistical data generated by CBA provides the basis for 

profiling skills and competencies and fulfils a diagnostic function using 

objective tests methods. This is taken forward by developing a design for 

CBA configured around enquiry led approach. This will generate data to be 

used as the basis for profiling collaborative and individual actions as the 

basis for discussion. The design features are derived from an investigation 

into dialogic feedback to identify the principles, functions and processes of 

dialogic interaction as used in teaching, learning and assessment contexts. 

38 For an acceptable answer to be considered as a correct answer would require statistical 
significance and I or verification by experts. 
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Chapter 5 Findings and analysis of dialogic feedback 

5.1 Introduction 

Presented in this chapter are the findings and analysis of the primary 

research into dialogic feedback in two Further Education Colleges 

(FECs). Two classroom observations were conducted in 2006. These 

are highly context specific case studies and subject to the influence of 

the particular learning cultures associated with the colleges, the subject 

specialisms, the teachers, the learners and researcher present. 

5.2 Case study 1 

Case study 1 is a preliminary study conducted to capture the scope of 

dialogic feedback in a non technological setting. The college is a FEC in 

the south west of England and the course was a BTEC National 

Diploma in Media Production NQF level 3. The learners were in their 2nd 

year of study. In the class observation the learners were presenting 

some short films and documentaries that were in progress to the class 

for peer review and critique. Four films were observed and general 

notes made throughout. The interactions of the third and fourth film 

reviews were evidenced for the purpose of this research. This was to 

allow time for the learners to settle to the presence of the researcher. 

On the third film review evidence about the scope and frequency of 

feedback was gathered and mapped to the ARG research based 

teaching aid and guide produced as a spectrum chart of the 10 

principles of Afl (ARG, 2002a, p2). Observations of the perceived 

intended function of the feedback was plotted against the chart to try to 

determine how the teacher "decides where the learners are in their 

learning, where they need to go and how best to get there" (ARG, 

2002a, p2). The findings of the feedback mapped against the Principles 
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of the ARG show that the feedback related mostly to the way it is 

conveyed. The ARG (2002a, p3) categories: is sensitive and 

constructive and fosters motivation was deemed to be true of all the 

interactions because the teacher appeared to have a good rapport with 

the learners. The task was abandoned because the feedback obseNed 

could be true of all or many of the categories and instances could have 

been multi-entered, but the impression was that the most frequent 

occurrence was the categories: is part of effective planning and 

promotes understanding of goals and criteria and the least frequent, 

recognises all education achievement. 

The fourth film review documented instances of open questions (seeks 

elaboration) and closed questions (checks facts etc). This was recorded 

on a note pad and each time the reviewer asked a question or made a 

comment it was written down under the appropriate heading in 

numbered sequence. The findings show the closed questions were 

predominant and used throughout but predominantly used as closure. 

Open question was used to explore how the task was to be 

accomplished, what the process had been so far and the techniques 

used. The why question was used when discussing media production 

equipment and techniques. Suppose was used to create imaginative 

scenarios and further expand understanding when someone was stuck. 

In conclusion, the case study shows that mapping feedback observed to 

the ARG principles was inconclusive. It only yields insights into the 

broad general nature of dialogic feedback. Also the framework relates 

more closely to Bloom's affective domain of: receive, respond, value, 

organise, or conceptualise values, internalise or characterise values, 

than to the cognitive domain (Bloom, 1964). The ARG principles are too 

general to be useful as a tool for further analysis for development 

purposes in CBA. Therefore, a further case study was conducted to 
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capture and identify specific details of linguistic functions and feedback 

processes in another vocational context at the comparable NQF level. 

5.3 Case study 2 

This case study gathered an example of authentic performance data: 

the dialogic feedback of classroom interaction with a teacher who had 

been on a continuing professional development workshop on FA. The 

class observed was a Public Services Level 3, year 2 lesson at an FEC 

in the Midlands. The topic of the lesson was leadership and leadership 

theorists. The dialogue was digitally recorded and the sound file 

uploaded to computer. A verbatim transcript was produced by word 

processing. The document was imported into dedicated qualitative 

software, Atlas ti v5.0. Here the document (the corpus) was manually 

meta-coded to support a meta analysis and interpretive analysis of the 

text. The database was interrogated to identify the following specifics: 

• The perceived communicative and pedagogic intent of the 

dialogue 

• The linguistic terms used in questioning 

• The overall organising structure of the dialogue 

The transcript of the dialogue was read in detail and initially marked up 

in a word document as question and answer (Q and A). There were a 

few statements and these were marked up as instructions (I) or if more 

general as teacher statements (TS). These are less common and are 

interspersed throughout the dialogue. The findings reveal that most of 

the questions were asked by the tutor and answered by the learners 

and this reflected the recapping and diagnostic purpose of the lesson. 

The primary function of the questions was to get information, while the 

primary function of the answers was to supply it. 
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The marked up transcript was exported into Atlas ti v5.0 and line 

numbers were generated. Here the QA routines were read again in 

more detail to identify the perceived pedagogic function of the question. 

Each of the questions was marked up on screen and individually tagged 

with a label that represented one of two question types ( either 

knowledge based or subjective question type). This would correspond 

to a classification system of fact or opinion, which on reflection would 

have made it easier to understand. The questions coded as subjective 

were also tagged by the perceived pedagogic purpose e.g. to probe, 

etc. Statements were also tagged by their perceived purpose, e.g. 

probe understanding or converge (meaning to reach a consensus or 

teacher agreement of an acceptable answer). Some responses fell into 

more than one category and so these were double coded. The labelling 

and coding is a manual process in that the user determines the code 

etc, but the software produces the graphical display of nodes and 

linkages (see appendix 2)39 and generates a window overlay. 

From the coded data generated, the question and answer responses 

were analysed and grouped as a matrix according to the perceived 

purpose of the activity and the type of communicative function they 

seemed to serve. This fell into two categories, give and get information. 

This means that only two templates would be needed in a CBA system 

to trigger actions and these could be presented as command templates 

(non-scoring) to allow the participants to interact with the system. The 

get information template would allow the learner access to the item 

bank (with its intellectual content) and the give information would allow 

the learner to make a response. 

39 To produce the appendix for inclusion in this thesis I had to print out a hard copy as it only 
exists within the software as a window 'pane' and is intended to be shared electronically. 
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The transcript was further analysed by drilling down to a deeper level of 

understanding about the nature of the information conveyed and this is 

shown in table 9. 

Communicative functions Pedagogic function of the dialogue 
f-----··· --·--·------------,----------~-------------J 

Get information Assess - find out what the learner wants to know 

• Knowledge questions (factual based) 

• Predominant closed question type 

Give information Provide the information in the format 

Table 9: Communicative and pedagogic functions of dialogue 

The table above shows the more basic interaction of question and 

answer routine. For the CBA design it means that question and answer 

routines of this nature can be easily built into the system using objective 

test methods and closed question types. The complex interactions of 

the transcript were analysed and categorised using the pedagogic 

function (or perceived intent) of the tutor to supply the teaching and 

learning experience. This was grouped by type as in the table below: 

Learning function (intent) Pedagogic function (intent) 

To start thinking Probe understanding by asking for feedback that 

elaborates or clarifies the answer. 

• Subjective question (perspective based) 

• Probe ( elaborate/clarify) 

To conclude Converge on right/or acceptable answer or to 

consolidate answers. 

• Conclude (round-up, affirm answer) 

• Converge ( arrive at an acceptable answer) 

Table 10: Learning and pedagogic intent of the questions 
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This means that in principle40 only one more command template is 

needed for the final concluding part (making 3 of this kind in all), but 

that the delivery of the intellectual content will need to be more 

complex. This needs a dynamic41 system to implement, which requires 

an algorithm or logic chart to map possible pathways and routes. To 

help inform the development of an algorithm, examples of the two kinds 

of processes (basic and complex) was examined in detail as below: 

Example (a) Basic question and answer (qa) routine 

Q: Leadership theories - what have we looked at motivation wise? 

A: Mcgregor, Maslow and Pittsburg 

This was the first question of the classroom interaction. In the example 

above the question is aimed at the knowledge level of Bloom's 

taxonomy of cognitive skills (1956). In this example we see that the 

question is in fact open ended in its delivery format, but is a closed 

question (there is a definitive wrong and wrong answer). The answer 

was supplied and that the communicative function is fulfilled (satisfied) -

a straightforward linear process. 

Example (b) Complex linked question and answer routines 

Q: Quickly, what is McGregor about? 

A: X and Ys 

40 Bearing in mind that this is highly contextualised study, but that further can be added to if 
other contexts throw up other functions. 
41 Dynamic - used here this means that the technology must have the functionality to produce 
branching pathways or jumps to enable a form of adaptive testing 
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In the example above, although the question appears to be answered 

(satisfied) the tutor is not fully satisfied with the answer and wants to 

know more from the learners. 

Q: What are X and Y's about? 

A: Two different character/personality types 

In this interaction although the tutor is now satisfied with the answer he 

wants to further probe further that the learners understand the 

difference/similarities of the types by asking them to describe the 

personality types (seeks elaboration) as demonstrated in the third linked 

sequence of this example and the subsequent opinion question. 

TS: This table just explain to me X personality - you guys on this 

table will be telling me about Y and you guys about Maslow. 

Opinion question 

Q: Would you agree with how they described X? 

The examples above are excerpts from the transcript which shows 

linear and iterative sequences. The data in the transcript has been 

generalised by abstracting the perceived intent of the interaction by 

using the meta-level terms of objective and subjective questions (fact 

and opinion). The process has been mapped into a generic flow chart 

to aid development of an algorithm for use in implementing a dynamic 

CSA system. In the logic flow chart at figure 5.4 the linear processes 

may be considered as the basic question and answer routine and the 

complex sequence an iterative and repeating feedback loop. 
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5.4 Logic flow describing dialogic process 

A learner answers with an 
unequivocal answer 

l 
The teacher analyses the 
reply and is satisfied with the 
answer and responds 

A 
I 

Learner A responds with 
outrageous suggestion 
Learner B modifies 
Learner C converges 
Consensus is reached 

+ . - . - . - . 

Example (a) 
Key 

linear 

Example (b) + ·- ·- ·- iterative 

Figure: 5 Logic flow describing dialogic process 

· The tea~hJfJi~~;.;> 
an objectiv~> YI·i,)-;>: 
question / '.erfas)·: ;· 
, , . . ,,'.. ::::\-: .:;;-.:: i,/ ~,\;,_::::/>.: ... · :. -· 

t 
Repeats 

t 

. . 
The teacher asks a 
subjective or an 
opinion question 

This figure shows the direction of flow of the sequences of the 

examples (a) and (b) of the dialogic feedback on page 62 and 

generalised from all the sequences (see appendix 2). It should be read 

from the right hand emboldened boxes. In the linear sequence example 

(a) processes are initiators and the dialogue proceeds from a linear 

sequence of simple question and answer, where there is a definite or 

predetermined wrong or right answer and moves to a more iterative 

process that involves a more subjective approach to converge on an 

64 



acceptable answer. A critical incidence is evidenced in the transcript in 

which a learner suggests that some people may wish to skip all 

Maslow's hierarchy and go straight to God (refer to appendix 2 lines 

078 -100). The occurrence is modified by other learners and concluded 

by the teacher. This collaborative activity is built into the chart at the 

bottom left box (if transferred to a CBA model will need to come from 

the statistical component of CBA that collects and maps responses). 

The following components and functions of the dialogue are identified: 

• Linear sequences (used in questions designed to 

identify/diagnose or to lead into topic) 

• Questions can seek answers that are factual or opinion 

• Iterative sequences (used to provoke thought and aid 

understanding). 

• Linguistic expression may vary but concepts must converge 

A corpus linguistic approach42 was used to determine actual linguistic 

components of the corpus (the transcript of the dialogue). Given below 

is the printout of the statistics from the Atlas software. There were 17 4 

lines of dialogue transcribed. Of those 91 responses were coded, with 9 

responses doubled coded, making a total of 100 instances. The output 

from the software shows feedback type split by number of instances. 

The coding of the data is the result of a subjective process and so the 

codes counted (the 100 instances) at table 11 is not an exact science. 

Corpus linguistic methods are used to count the frequency of linguistic 

types and tokens43 and these are aligned with the function of the word 

through collocation with the answers (an interpretative process). The 

ratio of the type to token count yields the strength of the associations, 

which taken overall gives another view (table 12) and indication of the 

content of the dialogic feedback of the session in relation to table 11. 

42 For further infonnation on corpus linguistic methods see Stubbs (1996). 
43 A token is a word - each word is counted as an instance. A type is the same word used more 
than once, and these are counted as types. In the example above 'when' was used 9 times 
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---------------------------------

Printout from Atlas ti 

PRIMARY DOCS 

CODES 1 Totals 

knowledge q 39 

probe 27 

subjective q 20 

conclude 11 

Converge 3 

Totals 100 

Table 11: Count of question types (printout from Atlas ti). 

A word cruncher was used to count word types and tokens and a word 

bank generated and certain linguistic features become apparent. 

Typical questions include the WH words (who, what where when and 

who). Only words that appear more than once in the corpus is listed (73 

types and therefore, 27 single word instances not shown below). 

Question type* word count 

(token) 

counts 

(type) 

answers 

knowledge What, what's 37 fact 

knowledge When 9 fact 

knowledge Which 2 fact 

knowledge who 6 fact 

subjective Why 8 opinion 

subjective How 11 opinion 

Table 12: Question type and associated words 

The strongest correlation between the two tables is the subjective count 

(20:19). The knowledge based counts (39:54) may be split across the 
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other categories: probe, conclude, converge or may be due to the 27 

nonce words (one count words) excluded. 

The lesson was structured as evidenced in the data (appendix 2) and 

the classroom observation reveals the teacher and learners share an 

understanding about how the dialogue would proceed and progress: 

• Introduction stylised and linear questioning factual based 

(transactional mode of delivery) 

• Middle, less stylised, iterative process, (transactional/ 

transformational mode of delivery) 

• End, plenary style, information given by teacher (transmission 

mode of delivery) 

Taken forward as developmental features are: 

• the optimum number of command templates needed for the 

learner to make enquiries in the system 

• the dialogic process flow combined with the statistical 

component of CBA (to effect the convergence) for delivery 

These elements are taken forward as components to be designed into a 

theoretical model. Flagged as future evaluation tools for development 

are the methods of corpora analysis and the potential to identify trigger 

words that signal fact and opinion in question and answer.44 This is an 

important finding but not carried over here as it is context specific. In the 

next chapter the CBA and dialogic findings are made into a template 

and linked to form a generic shell template for CSA (with an algorithm of 

the dialogic chart to show the delivery process). Needed to be added is 

the subject content delivered through an enquiry led learning approach. 

44 To develop this would require more than re-configuring the design of CBA. This would 
involve development of the software itself to have this specific component. 

67 

http:answer.44
https://answer.44


Chapter 6 Modelling and evaluation 

6.1 Introduction 

This chapter evaluates the potential of CBA to be configured around an 

enquiry led learning approach. The focus is on developing a theoretical 

model for implementation in CBA and so the evaluation relates more 

specifically to operational aspects of the target design. The analysis of 

the CBA and the dialogic feedback from case study 2 are synthesised 

and developed into sequential models that feed into a new theoretical 

model: the Kilauea exemplar. There is an evaluation of the potential of 

the exemplar to be developed through variant CBA models of delivery. 

6.2 Configurations 

Specifically, the research shows the statistical component of CBA is an 

effective and powerful tool for measurement. It is based on: 

• item response theory, which is used as an absolute score to 

measure learning outcomes (typically, cognitive skills) 

The output can with analysis and interpretation be used as a source of 

feedback to aid learning (Collins, 2003). The real potential and value of 

the statistical component to support an enquiry led approach is the 

capability of the technology to collate the responses of the users as a 

collective and by group. This can potentially be harnessed to gather 

collaborative and consensual data to carry forward for development. 

One step further is that the statistics could be used not as an absolute 

score but as a relative score to capture and measure the merit and 

worth of a response as against the expert, the individual and the cohort. 
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To implement a weighted score would need to be set as a default (by 

an expert). This is a benchmark and can be revised upon usage and 

reset with subsequent cohorts, offering the potential to detect shifts in 

patterns over time. Another configuration for enquiry led approach is to 

realign the outcomes to capture: 

• qualitative responses of process outcomes (typically, actions 

taken and decisions made to solve a problem) by using a proxy 

measure to capture the value attributed by the cohort 

The output can be used to inform the users or form the basis for 

discussion with peers or use with PDP. The statistical component will 

be taken forward for inclusion in the development of an exemplar. 

An evaluation of the findings and analysis of the dialogic feedback have 

identified the specific components that have the potential to contribute 

to the design of the CBA target model. These components are: 

• the data sets that relate to the pedagogic and communicative 

functions, which carry over to inform template design and; 

• the process algorithm derived from the logic flow at figure 5, 

which is used as throughput of the system 

These components as outlined above have been taken forward and 

combined into a schema. This has been designed to represent how an 

enquiry led approach can be delivered and in a CSA system. This is a 

generic model and builds towards the development of a contextualised 

model with subject content. 

69 



6.3 A schema for developing an exemplar 

The schema is a unification of the best features derived from the CBA 

and dialogic research. Specifically, the model was mapped from the 

logic flow chart at figure 5. It is an adaptive system and can be used for 

the different tasks as indicated in the shaded boxes. It has been 

designed for population with the content of the Kilauea exemplar. 

Statement Push button 
I or MCQ/Free text box 

l 

An 
<objective> or 
<subjective> 
task is placed 
in here 

Learner takes action 
based on information 
(and/ or repeats) 

<absolute score> 
or 
<proxy value) 
default component • 

Software parses I responds to ,,.
weighted item push button / or 
key word match and adapts to 

Feedback 1A Feedback 1 B Feedback 1C 

Learner self evaluation 
Free text box (non scoring) 

Repeat or exit 

Key: □ Function templates (subject content and feedback) 
Indicates the process flow 

Figure 6: Schema and structure of feedback in CBA 
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The arrows denote the delivery process and this will be either simple or 

complex depending on the sequence. The boxes show where content 

that is either fact or opinion needs to be authored and placed and 

represents the authoring templates. 

The subject content used in this thesis was devised in the domain of 

environmental science. It was conceived as a paper based exercise that 

poses a problem that needs to be solved. It is designed for use with 

different levels of understanding and actions need to be taken for 

immediate short term resolution of a problem and strategies formulated 

for longer term planning. The subject was chosen because it is set 

around Kilauea, a volcano in Hawaii, which is about to erupt and 

threaten endangered species. This was considered to have appeal to 

learners at GCSE science level and at the same time be used as a 

source of learning. The Kilauea scenario is developed into a theoretical 

model ready for implementation in CBA: the Kilauea exemplar. 
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6.4 Kilauea exemplar 

The Kilauea exemplar builds on the schema at figure 6. This has been 
populated with subject content. It is a contextualised model of Kilauea, 
a volcano in Hawaii. The subject content is provided by Angus Duncan. 

Kilauea scenario: Item 1 MCQ with zero score 

I 
Short Term Objective 

I Long Term Objectivesn 
Ii 

"The forest lies south of Hilo, on the "big island" of Hawai'i. in the shadow of Kilauea. the 
world's most active volcano. Wao Kele o Puna (the name means "rainforest of the district of 
Puna'') buffers the protected highland forests and lava lands of Hawai'i Volcanoes National 
Park and the Kahauale ·a Natural Area Reserve from the farms and sprawl of the fast-
growing Puna district. It contains dense 800-year-old tracts of red-blossomed ·ohia trees 
and hapu ·u tree ferns interspersed with recent, sparsely vegetated lava flows. More than 
100 native plant species are found within the forest" (Kurt Sanburn, 2007) 

An eruption has started on the East Rift Zone of Kilauea in the Puna district sending 
a lava flow in the direction of part of the forest where rare plant species occur not 
found elsewhere on the island. The lava flow front is currently 2 km from the site 
where the rare plant species are located in a valley floor. 

Item 2 Hypothesis (Push button question) Item 3 Calls for 
Information on (1, 2 or 3) 

i 1 
1. Divert the lava flow -+ 

-+2. Move the plants to safety 
3. Build a wall round the plants -+ 

i 

item 4 (Free text response) 

Feedback triggered by response to 
item 2 (1,2,3) designed at different 
levels for the learner to think about 
and act upon to effect a solution 
(optimum solution) 

Learner gives solution and reasons . 
Short term objective achieved. 

i 
...Long term objective or hypothesis ' 

.... 

Print out of actions taken by learners (decisions) and modes of expression 
captured for use in PDP or for peer discussion 

Figure 7: Kilauea exemplar 
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6.5 Kilauea scenario 

An eruption has started on the East Rift Zone of Kilauea in the Puna 

district sending a lava flow in the direction of part of the forest where 

rare plant species occur not found elsewhere on the island. The lava 

flow front is currently 2 km from the site where the rare plant species 

are located in a valley floor. Subject content supplied by Angus Duncan. 

Task: To save the rare plant species from being destroyed. 

Information I Multiple choice options ' 
1-- Divert the lava flow j'I -----------------,
2 Move the plants to safety 
3 Build a wall around the plant~I 

Table 13: Multiple choice question for Kilauea scenario 

Options to be shuffled on presentation and feedback supplied 

appropriate to action of option selected as indicated below: 

~-------,
Information 1 1 ~ 2 3 

t---

If a lava flow is 
This ! this lava flow 
A I It is not possible to divert There is 

in full flow itgood 
I will overtopcategory is 
I 

I access to 
I 

most walls designed on by roadI 
the yes/ no 

I 
I close to 

predicate I the Plant 
I site 

There is a ·. Lava flows B It is almost impossible to 
typically 

category 
This trackstop the advance of lava 

accessible overtop or 
requires 

flows with a barrier. 
knock over 

analytic 
by 4xWDAttempts have been made 
jeeps to obstacles 

skills and 
on Etna and Hawaii to 

within 50 m 
the learner 

breach the lateral walls of 
of the plant 

needsto 
lava flows near source 
thereby starving the flow I site. 

make front - it is arguable i 

judgement whether this has been 
calls I successful 

Table 14: Information content for Kilauea scenario (short term) 

Select one option and in free text box give your reasons (to capture 

modes of expression). 
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You are given above the fact that the lava is 2 km from the plant site. 

The lava flow is advancing at 200 metres an hour how long have you 

got to move the plants 

Information 4A 
The learner is led through the 
approach 

You can calculate how long it will 
take. You know the distance is 2 km 
and the lava is travelling at 200 
metres per hour. Convert the 
distance 2 km into metres which is 
2000 metres and use the following 
expression to calculate how long it 
will take the lava to reach the site. 
Time (in hours)= distance (in 
metres)/ velocity ( metres per hour) 

Information 48 
The learner is just 
given the 
information 
Time= 
d ista nee/velocity 

Table 15: Information for resolution of Kilauea scenario (short term) 

Select answer from pull down menu of numbers from the range (0 - 9) 

and enter into a free text box. 

Feedback: This is a predictable problem 

Eruptions from the East Rift Zone of Kilauea are frequent - in the last 

sixty years there have been eruptions of lava in 1955, 1960, 1965, 

1969-7 4, 1977, and 1983 - ongoing 2007. 
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1 

Long Term Response 

What needs to be done in the long term to make the rare plants less 

vulnerable? 

! Information SA 
I The learner is led through the 

approach 
Vulnerable means they are likely 
to be destroyed by eruption of lava 
from the East Rift Zone of Kilauea. 
You need to think of ways of 
making the rare plants less 
vulnerable to a single eruption. 
You have six months to undertake 
your plan of action. Think carefully 
about ways of reducing 
vulnerability. The following 
example may help you. A single 
engine aircraft is very vulnerable 
to crashing if it suffers failure to an 
engine. 

I Information 5B 
/ The learner is just given the 
1 information 
· Vulnerability is a measure of the 
degree of damage or loss which 
will be suffered when subjected to 
a hazard event ( e.g. eruption of a 
lava flow). You have six months to 
put in place your plan of action. 
Think carefully about ways to 
reduce vulnerability. 

1 

Table 16: Information for Kilauea scenario (long term) 

Enter your answer into the free text box 

Expert suggested solution 

To reduce vulnerability from an eruption of lava it is proposed to 
disperse the rare plants to several different sites scattered along the 
East Rift Zone. This will greatly reduce their vulnerability to damage 
from an eruption. Careful selection will need to be made to identify sites 
with the right ecology. Remember lava flows tend to travel down valleys 
so selecting sites on ridges will further reduce the vulnerability of the 
rare plants to be destro ed by lava. 

Table 17: Kilauea scenario expert solution 

6.6 Kilauea pedagogy unpacked 

This scenario has been designed as an illustrative model and so is 

aimed at pre to GCSE level. The principles will be the same at higher 

levels, but the content will reflect levels (illustrated as levels A and 8). 
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The table below shows the educational goals as specified in the tasks 

set for the long term and short term. The table has been created for 

this thesis and reflects my professional expert knowledge. It needs to 

be developed further to form the basis of a scale for a proxy measure. 

1Measuring learning Skills being i Measuring learning 
outcomes assessed processes by action 

Ways of 
doing/thinking 

Phase 1 - short term Gather and collect Is the optimum (most 
Information task information plausible) option 
1,2,3 selected first? 

Analyse, infer, ls the action random or 
reflect evidence based? 

Systematic based on 
judgement 
or (trial and error) 
Is the information 

I required to confirm/ 
i disconfirm alternatives? 

Answer/solution 

Phase 2 - long term 
Information task 
1,2,3 

Conclude 

Planning 
Formulating a 
hypothesis 
Isolating variables 
Controlling factors 

: 

Answer/solution Generating a1 

Compared to 
expert/cohort? 
Is the optimum (most 
plausible) option 
selected first? 
Is the action random or 
evidence based? 
Systematic based on 
judgement 
or (trial and error) 
Is the information 
required to confirm/ 
disconfirm alternatives? 
Compared toj 

i plausible answer expert/cohort?
1 

Table18: Educational objectives: outcome and process 

The table is illustrative and shows how to measure learning processes 

to form the basis for a weighted score criteria. It is at an evolutionary 

stage of its development and requires a great deal more research, 
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thought and planning before it could be implemented. Carrying the 

vision forvvard to contribute to the theory behind the model is the item 

below: 

6.7 Kilauea resources optimised 

The content of the Kilauea scenario designed here is visionary and 

shows what further information might be required to develop a model. It 

contributes towards theory development of the model. Unfolding the 

scenario to extend the range of skills assessed would require the 

insertion of additional material stored as a bank in the software: 

Detail of Etna and 
Hawaii as examples 
for learners to use for 
evaluation 

Additional 
formulae for 
learners to use 
to work out 

Factors 
affecting the 
rate of lava 
flow 

Details of 
preservation 
strategies 

Unpack and unfold scenario by 
creating further linked 
resources that builds on the 
scenario and expands on 
botany, ecosystems or creates 
alternatives like financial viability 

Examples where it is/ Models, Details of material of 
has been possible to simulations, substances analogous 
slow or stop advance toy domains to lava flows 
of lava other 

Figure 8: Kilauea scenario resources optimised 

Details of 
conservation 
strategies 
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The limitations of the Kilauea scenario example are that it has been 

designed with an opening multiple choice question in order to ensure 

access to the system for the learner. Factors influencing the design of 

feedback in CSA will need an understanding of different delivery modes 

of teaching, learning and assessment. The extent to which feedback 

can be optimised is in part due to the factors as given and discussed 

below and to the capabilities of the software. 

6.8 Operationalising Kilauea in Perception software 

The theoretical model configures a CSA item around an enquiry led 

approach and is based on objective test methods to construct a closed 

system with dynamic learner led properties. Learners are placed at the 

centre of the process and will ask for information and it feedback 

information will be supplied. For this to be designed in Perception 

software or in another CBA system the functionality required is: 

• Question types = Statement, MCQ's, free text responses, drag 

and drop, Multiple response, List, Free text responses, Push

button, + Likert scale (optional). Graphical hot spots, drag and 

drop and drop down lists may be used in the conventional way of 

question types for designing maps and supply of numeric and 

mathematical formula 

• Jumps for branching nodes for adaptive testing 

• Automated marking of all questions triggered ( other than free text 

and statement) to be used as a proxy value 

• Statistical item response collective and group 

• Navigation back and through items 

• Print out of data by graphs and capture all free text data for 

If this system was used by a significant number of users it would yield: 
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• a measure of proxy indicators of qualitative solution(s) and 

judgements (for which a taxonomy is required to be developed). 

A possibility might be Bloom's taxonomy of affective domains 

(1964) or taxonomies of ways of thinking. 

There are options available that will deliver the Kilauea exemplar and 

these are discussed in detail in the next section. 
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6.9 CBA delivery modes 

The research and evaluation yielded three distinct modes of delivery 

that the Kilauea exemplar can be developed on to produce a working 

model. They represent varying degrees of ambition and skills to 

develop but could offer the opportunity for a comparative study of the 

impact of the pedagogic approach taken. These are: 

Model 1 

A delivery mode that is based on something like the Steven and 

Hesketh model (1999) could be used. Feedback offered would be of 

the kind that refers learners to certain references they need to cover. 

Feedback is addressed through the use of humour as shown in the 

generic bomb-out screen shot (Steven and Hesketh, 1999, figure 11.9 

p110). This is essentially a transmission mode of delivery with the 

templates set in advance and triggered by the responses of the learners 

to MCQs. This model could be built on and enhanced by the inclusion of 

multi-authored items using varying question types. 

Model 2 

A delivery mode that takes a hybrid approach using various MCQs and 

enhanced by the feedback generated by the software as described in 

Collins (2003). A printout of results could encourage reflection, 

collaborative learning and engagement through PDP and peer 

assessment. This would be to use a transmission and transactional 

pedagogy and mode of delivery. 
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Model 3 

A delivery mode that is based on the FA principles and practices that 

are deemed to make a cognitive transformation. To implement this in a 

CBA system requires a 'thinking outside the box approach' to unlock 

CBA from objective testing. This would require a special kind of item 

type to deliver feedback instead of questions and the learners formulate 

questions not choose answers. Key features to operationalise would be 

templates, typologies, meta-tagging and the statistical data generated. 

6.10 Evaluation of models 

To deliver the Kilauea exemplar using model 1 would be relatively 

straightforward given that the technology has advanced since the 

Stephens and Hesketh model of 1999. While it does offer a model of 

delivering feedback and is designed for learner responsibility, the extent 

to which it can deliver enquiry led learning is doubtful. 

Model 2 approach based on Collins (2003) is perhaps the ideal model 

for the Kilauea exemplar and is relatively straightforward, especially if 

the MCQ questions are used to deliver level one of the scenario and 

PDP to deliver level 2. While this model would satisfy the nature of 

enquiry led learning it is a hybrid system of objective test methods, 

complemented by feedback from the scores and supported by critical 

reflection through PDP. 

Model 3 takes a more ambitious approach and is perhaps the 

innovative way forward. This model would require significant 

development of theoretical frameworks to input: 

• a typology to measure process (actions) and not product 

(outcomes) 

81 



• a proxy measure of responses (evaluate actions) and not score 

wrong /right answers 

A technical requirement would be to use the reverse the input to the 

templates, so that the feedback element is input into the question 

template and the template designed for inputting feedback be used for 

inputting questions; e.g. why etc, followed by a free text box for input 

but used for aiding critical reflection on printout. 

There are risk factors associated with the operation of the software in 

that with excessive jumps and branching nodes it is envisaged that the 

system will slow and crash if there are large groups of simultaneous 

log-ins ( +100). Using the system in a formative way would reduce risk 

and allow the responses to be captured in the results files 

In the next section we consider the possibility of replacing the multiple 

choice question with a free text box, which will need linguistic analysis. 

This is not a possibility within the Perception software. This function 

requires natural language processing (NLP) system, such as Prolog. 

6.11 Towards parsing of free text responses 

Parsing45 linguistic feedback by computer would offer the benefit of 

automating marking for free text responses. This would enable learners 

to formulate answers expressed in their own words and so eliminate the 

prompt factor inherent in the design features of objective tests. 

For instance, in the Kilauea exemplar instead of presenting the range of 

solutions to the problem consider putting in a free text box to allow free 

expression. This will produce a range of variant answers, which need 

45 Technical term used in natural language processing meaning to prescribe the rules for the 
program to compile the data, analyse etc, often represented as syntactic tree structures. 
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to be parsed. The responses would need to be pared down 

(canonicalized) by removal of all excess data and then matched against 

the smallest viable syntactic and semantic unit. For instance, although 

the expert answer as indicated below is a refined linguistic structure, 

there is some data that is not essential. 

Acronyms used: Verb Phrase (VP) Noun Phrase (NP) Prepositional 

Phrase (PP). 

Raw data (variant a - expert answer) Linguistic phrase structure 

1 . Divert the lava flows ➔ VP, NP 

2. Move the plants to safety -> VP, NP,PP, NP 

3. Build a wall round the plants ->VP, NP, PP, NP 

If the syntactic structure above was applied in a NLP system, the rule 

would permit over generalisation as the phrase structures at 2 and 3 

above are the same. This would permit, for example, build a wall to 

stop lava flow (instead of round plants). Therefore, the syntactic 

structure must be restricted to contain a simple sentence with only one 

verb, which is a dependency clause. 

Canonicalized data Linguistic phrase 

structure 

1. Divert lava ➔VP, NP 

2. Move plants 

3. Build wall 

The data must now be placed in list format: 

verbs ->divert, move, build 

nouns -->lava, plants, wall). 
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And a syntactic rule designed for NLP that can be translated into a 

programme. 

Sentence / Answer ->VP, NP 

VP ->Verbs 

NP ->Nouns 

With arity of one: diverts (lava) 

The semantic component must be added to the data list by the 

incorporation of for reduction and a unique meta tag. For instance: 

Lava ->L(a) 

Plants->P(b) 

Wall->W(d) 

This is a conceptual model and not an actual program. It is based on 

PROLOG46 and requires Prolog syntax to run. Prolog syntax can be 

developed based on the linguistic parsing of sentences as illustrated in 

this thesis using phrase structure grammar and simple re-write rules. 

Prolog is a system suitable for restricted context specific domains, such 

as the parsing of free text responses. It is based on predicate calculus 

(first order logic) and by breaking information down into lists of variables 

together with the grammar re-write rules can execute a program to 

parse grammatical structures. The semantic component and the 

educational content embedded (concepts) can be parsed in a similar 

way. To do this it is important to isolate linguistic variants of the theme, 

captured in the modes of expression. It would be desirable to replace 

MCQs with free text boxes, it is not possible at this time to develop a 

system to automate the parsing of free text responses in the way that a 

human marker analyses data. 

46 http://www.swi-prolog.org/ (accessed April 2007). 
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Chapter 7 Conclusion 

7.1 Introduction 

The research question explored in this thesis is How can computer 

based assessment be developed as a tool to support enquiry led 

learning? Theoretical principles of feedback seek to close the gap: 

Sadler (1989), ARG (2002a), Nicol and Macfarlane-Dick (2004, 2006). 

Primary research conduced as field work into ARG (2002a) show broad 

principles are too generalised for application in CBA. Further field work 

was conducted as primary research to uncover the processes behind 

the principles. The findings and analysis of this research show the 

potential for CBA to be developed to support enquiry led learning. The 

evaluation of the research data shows that the item design needs to be 

configured to support objective testing and subjective assessment 

within the parameters of the functionality of the software. In this thesis a 

series of theoretical models based on the research was fed into the 

design of an item authored with subject content: the Kilauea exemplar. 

7.2 Design features of Kilauea exemplar 

Based on a combination of the findings from the FA and CBA literature 

and the research conducted in this thesis, the aspiration is to build the 

model based on a methodology that allows the learners to enquire and 

formulate ideas for testing. The broad features identified as contributing 

to this aim include: collaborative responses, open questioning, 

consensus building and opportunity for critical reflection. The CBA 

research shows CBA functionality offers objectivity, measurability, 

automated scoring, capture of collective responses and free text data. 

The dialogic research shows that sometimes there is not an explicit 

wrong or right answer but there is an implicit notion of an acceptable 

answer. This also needs to be a feature built into the design. 
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7.3 Turning research into models for development 

The realist synthesis (Pawson et al, 2004) method used in this thesis as 

a basis for the literature review is an enquiry led approach for searching 

and information gathering. In effect, this is what we want the learners to 

do on a smaller scale. For the purpose of this research, Kilauea has 

been designed as a problem solving exercise presented as a scenario. 

This is the item type that needs to be delivered and scored in CSA. 

Based on the evaluation of previous research Steven and Hesketh 

(1999) and Collins (2003) and the research of this thesis there are 

potentially three delivery models that could deliver Kilauea in Question 

Mark Perception (QMP) (leaving aside technical reservations for the 

moment). QMP enables items to be built and stored as a bank of items 

and adaptive testing techniques can be applied with jumps inserted at 

branching pathways (see http://www.questionmark.com). 

Based on professional and practical expertise in the delivery of CSA the 

question and feedback template can be authored in reverse. So the 

feedback template will have the option buttons and the question 

template will be the blank one used for inserting open ended questions; 

e.g. why etc (viewed as feedback to the learner and followed by a free 

text box). Scores will be activated following a response from the user 

and as in conventional usage (the free text box is non scoring). This will 

capture the learning process or reasoning strategies of the learner at 

that moment in time. The conventional use of the statistics functions 

described in Kleeman (2000) and test validity, Messick (1989) shows 

that the instrument will measure what it purports to measure, so it can 

be used as an instrument of an absolute or a proxy measure to indicate 

social constructs of value and worth of the actions taken. 
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This can be effected in QMP if items were aligned to a new taxonomy 

and meta-tagged like in Bloom's taxonomy (1956). The results of the 

learners' performance would be written to the results database file and 

the conventional statistics generated. In theory facility would inform on 

whether or not certain information was more or less helpful to the 

learners in resolving the problem than others. Discrimination would 

enable differentiation between the effectiveness of the action taken by 

the learners and in the initial stages be a predictor of the likelihood of 

the learner to resolve the problem. The generation of a print-out or 

report would give the learners' evidence of their performance and allow 

them to compare, for instance, modes of expression with their peers. 

7.4 Evaluation: exemplar development 

The research in this thesis has generated three delivery models and its 

impact may depend on the actual CSA model developed. One way of 

overcoming any potential problems is to aim to develop the exemplar by 

taking forward model 3 (chapter 6.9) and configuring the design to meet 

this specification. This model holds the most potential but affords the 

greatest risk in terms of failure in respect to the capability of the 

software. Model 2 offers an operational safe fall back position but the 

downside is the extent to which it delivers an enquiry led model. Taking 

a practical perspective the best course of action is to link the models in 

a linear sequence and plan a staged implementation process: 

• Build and author the basic short term objectives of the Kilauea 

exemplar into the software, developing, devising and setting the 

scoring mechanisms. Assess and evaluate the potential to use 

MCQ type questions by multi-authoring the task using different 

question types (see chapter 4). This would need evaluation at 

this stage to assess the impact of the question types to 

encourage the type of learning desired. 
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• Source material to extend the bank of material for Kilauea 

exemplar and use MCQ to deliver short term objectives and the 

PDP and peer assessment to deliver the longer term objectives. 

Devise default scores 

• Source alternative taxonomies to those currently used to 

measure outcomes and input into the system with meta tags and 

devise default criteria for levels of difficulty 

• Design and develop Kilauea by re-engineering CBA design and 

unlock from objective test methods. Build and author with the 

design of question and feedback in reverse. Make some delivery 

sequences iterative using adaptive testing. Devise a scoring 

criteria based on weighted score of level and actions as 

according to expert (in the first instance) 

7.5 Conclusion 

The aim of the thesis was to research the development of a theoretical 

model for an enquiry led approach in CBA. This has been achieved 

through the development of the Kilauea exemplar, an item type 

designed for implementation in CBA. Central to its design is the 

provision of feedback to learners, so that they have the opportunity to 

formulate ideas and test hypothesis. Fundamental to the design was 

the challenge of how to deliver this in CBA. The objectives set out to: 

explore the potential of CBA to support enquiry led learning and testing 

and this was achieved by taking a realist synthesis (Pawson et al, 2004) 

approach to the literature search and review.47 By grouping the results 

into test and learning cultures the data was analysed to yield the 

knowledge base from two domains: CBA and FA. Gaps in the evidence 

knowledge base led to the specific objectives: gather and analyse 

47 The search string developed by me missed a high relevance study. This has been included 
post review and contributes to the development ofthe models. Steven and Hesketh (1999) 
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instances of question and answer in practice; map communicative 

functions. One of the objectives to map communicative functions 

against the ARG (2002a) typology, failed as a task but the objective 

was met through compensatory measures of the primary research in 

dialogic feedback. This method involved the creation of a corpus 

database and interrogation using qualitative methods of data coding 

and extraction48 and corpus linguistic methods of analysis (Stubbs, 

1996). The dialogic database was used to derive communicative 

functions and theoretical process models for application to the CBA 

design . CBA research (Collins, 2003) and professional expertise in the 

delivery of CBA contributed to the theoretical models proposed. 

In conclusion , CBA can be developed as a tool to support enquiry led 

learning if the following actions are taken: 

• Design a problem solving activity (scenario etc) 

• Author the design in CBA to give the learner the opportunity to 

formulate hypothesis and test theories 

• Phase test the item with learners 

• Collect and gather the response statistical back end data of the 

individual the learner, the expert and the cohort 

• Give the data generated to the learner (and or teacher/ test 

designer) for critical reflection . 

• Evaluate, modify refine and repeat 

The extent of the research in this thesis was to contribute the theoretical 

knowledge of how to close the gap between the theory and practice of 

FA and CBA for application in CBA: Kilauea exemplar evidences that. 

48 General method, but usually associated with interpretative frameworks, e.g. grounded theory. 
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ALT 
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BA 

BERA 
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CBT 
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FA 
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FEC 

FHEQ 
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EPPI 

ETS 
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HS 
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MCQ 

Assessment for Learning 
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Assessment Reform Group 

Batchelor of Arts 

British Educational Research Association 

National Diplomas 

Batchelor of Science 

Computer-assisted Assessment 

Computer-based Assessment 

Computer-based Testing 

Department for Education and Skills 

English as Foreign Language 

English for Speakers of Other Languages 

Formative Assessment 

Fund for the Development of Teaching and Learning 

Further Education College 

Framework for Higher Education Qualifications in England 

Graduate Record Examinations (USA) 

Evidence for Public Policy and Information 

Educational Testing Service (USA) 

Higher Education 

Higher National Diploma 

Hot Spot (question type) 

Information Communication Technology 

Improving Formative Assessment 

Individual learner record 

Learning and Skills Council 

Learning and Skills (sector) 

Learning and Skills Network 
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PDP 
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QIA 

QCA 

RARPA 
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SAT(s) 
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TLTP 

Modern Foreign Languages 

Multiple Response ( question type) 

National Foundation for Educational Research 

National Qualifications Framework 

National Institute of Adult and Continuing Education 

Personal Development Planning / Portfolio 

Kings Medway Oxfordshire Project 

Quality Improvement Agency 

Qualifications, Curriculum Authority 

Recognising And Recording Progress and Achievement 

Re-engineering Assessment Practices 

Standardised Assessment Tests (USA) 

Tripartite Interactive Assessment Delivery System 

Teaching Learning Technology Programme 
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Appendix 1: ARG Table 

This research is based on the ten Principles of Assessment for learning 
of the Assessment Reform Group (2002a). 

Principles of Afl Observed practices from classroom 
(ARG, 2002a, p3) observations 
Is part of planning Feedback was used as an integral part of the 
and teaching planning process (verbal and written - planning 
learning sheets were used to capture and record 

1 feedback) 
Focuses on how A peer critique method of feedback was being 
learners learn used and the environment needed to be set up 

to facilitate this. 
Is central to Verbal interaction and feedback was central to 
classroom practice the delivery method and comprised the main 

activity. 
Is a key professional Observed as an integrated part of the delivery 

, skill 
Is sensitive and Feedback given by the tutor was sensitive and 
constructive constructive. Peer feedback was also given but 

needed to be managed by the teacher 
Fosters motivation The learners observed were actively engaged in 

the process and appeared very animated 
Promotes Learners were required to verbalise their goals 
understanding of and criteria for success in planning and making 
goals and criteria their films 
Helps learners know Feedback from peers and tutor was geared 
how to improve towards achieving the production of the film. 

Concrete examples of files were given by the 
groups to their peers to aid understanding 

Develops the The learners gained from the process of peer 
capacity for self- assessment and used the examples to compare 
assessment their own progress and quality of work. 
Recognises all The tutor stated that he wanted his learners to 

work a camera, or mini-disc and be able to educational 

critically evaluate the world around them. achievement 
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Appendix 2 

P 1: Public services class obs.rtf 

Path: C:\Documents and Settings\CCollins\Des ...\Public services class obs.rtf 

Media: RICHTEXT 

Printed: 2007-01 -25T17:47:29 

By: Super 

From HU: backup of public services1 
[C:\Documents and Settings\CCollins\De ... \backup of public services 1 . h pr5]HU-Path: 

Codes: 5 

Memos: 0 

Quotations: 91 

Families: <none> 

Comment: <none> 
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001 Class-based observation HS - Public Services, level 3 
002 

003 Q: Leadership theories - what have we looked at 
motivation wise? 

004 A: Mcgregor, Maslow and Pittsburg 
005 
006 Q: Quickly what is McGregor about? 
007 A: X and Ys 
008 
009 Q: What are X and Y's about? 
010 A: Two different character/personality types 
011 

012 I: This table just explain to me X personality - you 
guys on this table will be telling me about y and you 
guys about Maslow. 

013 
014 Q: This group, what are the X types? 
015 A: Its where you've got to different 

groups ... certain personality traits in each (student 1) 
016 Q: Yes, what are the X types? 
017 A: (student 2..) unmotivated. lazy, rather follow 

than lead 
018 Q: What does that mean- rather follow than lead? 
019 A: Rather - follow other people 
020 
021 I: Don't move, physically - look around the room -

don't move - what person would you say is a follower 
rather than a leader? Look around at body positions and 
stuff - who would you classify as a follower? 

022 
023 A: Greg - we're all looking at Greg. 
024 Q: Why would you look at Greg? 
025 A: He's sat right at the back of the class .... 
026 TS: Yes, he's sat right at the back of the class, he's 

laid back. Now I happen to know he's an astute 
individual, but ifI didn't know, walked in and I took a 
... we do, we judge books by cover, I would have 
thought doesn't look very interesting. Yeah, OK. 

027 Q: Would you agree with how they described X 
028 A: Yes 
029 Q: What's Y? 
030 A: People who are highly motivated 
031 A Always wanting to achieve something 
032 A: The opposite to X 
033 Q: Why did McGreggor, think was wrong with 

this? Who did he bring up first 
034 A: Because there are people that come in between 
035 Q: Yeah, Ok, but before we get to that one. who 

] U knowledge q 

JU knowledge q 

J 'tl' knowledge q 

JU probe 

JU knowledge q 

Jt,l knowtedge q 

JU probe 

J~U probe 

~ sebjectl,e q 

]]U subjective q U probe 

JU Converge 

Jtl probe
U subjective q

JU knowledge q 

]]U subjective q ~ knowledge 

]~ probe 
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did he bring up first? 
036 Q: The X -so why did Y come about? 
037 Y: Because he realises that not everyone is 

motivated by money and fear of punishment. 
038 Q: So, he realises his theory was what?... 
039 A: wrong 
040 TS: Has weaknesses - it's a not like saying forget all 

that - but this has also, now the difficult problem is I 
know that you understand public services, from this 
point of theory, I know that, I don't have anv doubts 
that you understand that. • 

041 

042 Q: Now the difficulty is I know that vou understand 
the pubic service from the theory, I know· that but how 
the heck do we make it fit the public services? Because 
that is what the assignment is about - how does this fit 
with the public services? 

043 

044 A: Put them in different situations? 
045 Q: Such as what? What public service would it 

most apply to? 
046 A: Am1y? 
047 Q: OK, Army. 
048 Q: Now someone else. You put your hand up - so 

the army - why? 
049 A: The X types - the grunts - the ones that can't be 

asked and the y' s the opposites, the ones that have got 
all the education and want to do it and lead. 

050 Q: Is he right? Is there anything wrong in what he 
has said? 

051 A: He is right - but not about the education bit -
someone could be educated but just not 
bothered. 

052 Q: Thank you - that's one thing - anything else? 
053 A: Or they just might like be really enthusiasm but 

not like clever enough to get all the (mission?) 
054 Q: At this moment in time ... yeah? 
055 A: He has generalised this to all the x factors 
056 Q: Exactly - so, it works but it has weaknesses - do 

you agree with that? Now what did you guys have? 
057 A: Maslow 
058 Q: Maslow, what is that about roughly? 
059 A: Hierarchy of needs 
060 A: And how you need to start off at the bottom and 

find your safety and everything before you can climb up 
to like... 

061 A: No, you need to fulfil the needs to move on to 
the next step 

J 
JU knowledge q 

JU probe 

JU conclude 
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065 

070 

075 

080 

085 

090 

062 Q: What example did we use? 
063 A: Take away and a bear in the cave 
064 Q: What did we say? 

A: You've got your food then ... 
066 Q: This is OK, yeah? 
067 A: You've got your food right and then you go out 

when the bear isn't there 
068 Q: So that moment in time - what is your basic 

need then? So you are in the cave and you've got food 
and the bear is outside - what is your basic need? 

069 A: Safety. 
Q: Safety right Now Ed's the bear. Now everv 
now and again, you knO\v. once an hour and you ne~1er 
know when that's going to be, Ed's prowling around 
outside and he walks by, but why doesn't he come into 
the cave? 

071 A: He can't come into the cave - he's too big. 
072 Q: Yes, the holes too small. 
073 Q: Now your food is going - what are you going to 

do? 
074 A: Go out when he's not there 

Q: Well wait a minute ....? 
076 A: Risk your safety 

077 Q: Need to risk your safety - does that make sense -
Ok - what's the top of the pyramid then? 

078 A: God or (?????inaudible) Some people will skip 
else and go straight to the top - in the extreme 

When you say God what do you mean? Because 079 Q: 
all of us may not. .. 
A: Religion 

081 Q: Religion or 
082 A: Beliefs 

Striving to achieve083 A: .... 
084 Q: When you say God in what type of way? 

Because you may not be Christian or a Muslin, or 
Buddhist, so how would it apply to you then? 

A: Something you have achieved 
TS: Feeling of self satisfaction, you're doing good. 086 
Look at Madonna, I don't mean to be unkind. Now is 

she rich? 
087 A: Yes 

Yes, she's loaded. Did she walk over people to 088 Q: 
get there? 

089 A: Yes 
Yes, she did or if you read the papers lately soTS: 

J ,O knowledge q 
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we are led to believe JU knowledge qAt this moment in time what is she trying to do? 091 Q: 
092 A: Adopt a child 
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093 Q: Yes, adopt a child - can you see the higher side 
of it? Now what were you going to say aboutthe ?? of 
it when you said God. 

094 A: You get some people who skip all the levels are 
try and get straight to God. 

095 Q: What does that say about Maslow's theory? 
What is Maslow's theory supposed to do? What ifI 
want to get on to the Jr<l ]evel, what must I first do? 

096 A: Ist step then 2nd and then yct_ 
097 Q: Yes, so what is happening here then? 
098 A: They are not follcl\.ving the way that Maslow 

said it they are .. 
099 A: Maslow theory is based on - well at the time it 

was based on mostly Western society. If you look at 
other religions like Hinduism they actually start ... at 
the top 

100 TS Yes, if you look at something like Ramadam -
they will forego the basic needs, so that is a weakness 
of the theory 

101 Q: Can I ask you ... I am going to jump novv before 
we go on to the other theories that we looked at. Out of 
the three that we have looked at and the one that we 
have just covered, which is the most applicable to this: 
I've got a quote so if you want to quote - it came from 
"Five live News". 

102 TS: A soldier in the British Army in Iraq, he said 
"And I'm out there fighting these people and at other 
times these people you know, its just what you believe. 
I might have met these people in the street and be 
friends with them. But at this moment in time they are 
trying to kill me and so I've go to kill them first. Does 
this makes sense. What theory would it most fit in? 

103 A: Maslow's 
104 TS: Yes, Maslow's and safety. He has left a safe 

environment at home. Do you think that while they are 
out there they are worried about the 4 bed detached? 
No, its kill or be killed. 

105 Q: So, you've got one left haven't you? 
106 A: He's based it on??? but????? said that you are 

not just there to do it, but that its based on Maslow but 
focussed on 2 things you have dissatisficrs, which 
needed to be there otherwise you would get de
motivated ???? 

107 Q: Give me some examples now 
108 A: Fire service. You go to use the equipment and 

its not there -so you are de-motivated 
109 Q: Say, it is there and it is ready - how would you 

feel then? Motivated? 

] tl knowledge q 

JU subjective q 

~ U knowledge qJJ 4t:l knowledge q t'l knowledg1 

Jtl probe 

Jl t,l probe 'tl subjecti 

J] 4t:l knowledge q O subjecti 

U conclude 

4t:l knowledge q 

JU knowledge q 

Jtl probe 
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110 A: You'd expect it. 
111 Q: Ok great, the hose its there great. whoopee. 

How do we get motivated? 
112 A: Promotions and stuff 
113 A: An officer spends time to praises you? 
114 Q: Does that work? 
115 A: Not always 
116 A: More than likely but not ahvays - maybe 

winning awards 
117 Q: All things being equal - sometimes you need 

more than just praise and awards. 
118 Q: So you understand hov, motivation works - is 

everybody happy, or are there problen,s'? 
119 A: If you want to relate it to the public services 

then you have to keep the job constantly changing to 

keep people occupied because one of the motiYati112 
factors the motivating factors \vas interest. -

120 Q: Thaf s the motivational side of it - what other 
sides are there? 

121 A: Initiative styles 
122 Q: Initiative - let's quickly go through this. 
123 Q: What forms are there? 
124 A: Bureaucratic 
125 Q: What's bureaucratic? 
126 A: Chain of command. By the rules and regulations 
127 Q: Is that a good thing? 
128 A: It can be 
129 Q: Why0 
130 A: Because, say it is the law. It makes sure things 

are done how they should to be done. 
131 Q: Does bureaucratic things have to be changed 

every novv and again? \Vhat if something over here 
happens and ... 

132 A: Yes, if ne\v thinks come along. 
133 TS Have you ever heard the phase Tm only doing 

my job?" Sometimes people can hide behind 
bureaucracy - remember the days in industry - if you are 
electrical vou can not do mechanical - do it bv the book- ., 
-and classification. So it has its advantages and 
disadvantages 

134 I: You guys pick one now 
135 A: Autocratic 
136 Q: What is that? 

A: When the leader savs somethirnr you do it137 . . 

138 Q: What's good about it? 
~ 

139 A: No conflicts - no hierarchy things - just one 
person 

140 Q: To some extent it can relieve conflict - anything 

J~ probe 

Jtt subjective q 

tt conclude tz subjective q 

U knowledge q 

J t'.? knowledge q 

J0, knowledge q 

JU probe
U subjective q 

]"t:t probe

't:t subjective q 

Jn probe 

n conclude 

J0, knowledge q 

JU subjective q 

]tl probe 
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else about it? J141 A: It get's the job done 
142 Q: When? J~ knowledge q 
143 A: Quickly 
144 Q: Useful in? JU knowledge q 
145 A: Dangerous situations U probe 
146 Q: Disadvantages? JU knowledge q 
147 A: One's mans' thinking 
148 A: Lack of initiative 
149 Q: What does that mean? J'tl knowledge q 
150 A: On the spot thinking U probe 

151 Q: Yes, if left on your own in a situation - vou JU conclude 
don't know how to think for yourself • 

152 A: It can devalue people 
153 Q: Where is it used mostly? JU knowledge q 

154 A: In the army, gets the job done quickly. 
155 Q: What side of the army - X or Y J"O' knowledge q 

156 A: X 
157 Q: WhyX? J"O' knowledge q 

158 A: Because they need to be told what to do to be 
motivated 

159 Q In the army - give me a good example of they ] U knowledge q 

people, who are the y people? 
160 A: Officers - the leaders, the ones in charge 
161 Q: Let's look at new recruits - what type of recruits ] tl subjective q 

would be x or y 
162 A: The x are best at. ......(????) 
163 TS: Not necessarily ju conclude 

164 TS: Think of status think of education U probe 

165 TS: Ok, you could have a load of people go together 
to join and use autocratic leadership, and have this 
thing about role - and some could be lazy and some not 
- but you don't know because you are stereotyping 
people. An easy example might be Prince William and 
Harry. Do they go in at the same level as everyone else? JU probe 

166 A: No 
167 Q: Would Sandhurst recruit - would they be X or ] 'tl' knowledge q 

Y? 
y168 A: 

169 Q: Compared to the recruits at the bottom level? 
170 A: Most of them would be y 
171 Q: How would you know if some of them were X? J'O' knowledge q 

172 A: Why is that? 
173 A: Because they stop trying when they are in Jtl conclude174 TS: Yes 
175 
176 End of session - consolidation activity - crossword. 
177 
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Appendix 3 

Improving Formative Assessment in Vocational Education and 

Literacy, Language and Learning 

Project partners: Nuffield Foundation, University of Exeter, 

University of Brighton, NRDC, LSDA and NIACE 

.(jrnpro v ing 
Formati v e 
A »e,sment 

CONSENT FORM 

I have been fully informed about the aims and purposes of the project. 

I understand that: 

this project is concerned with finding out more about the way we 

learn, focusing on the links between formative assessment 

practices and my motivation and achievement on this course; 

there is no compulsion for me to participate in this research; if I 

choose not to take part, this will not affect my school/college 

work in any way; if I do choose to participate, I may at any stage 

withdraw my participation and my withdrawal will not affect my 

school/college work in any way; 

any information which I give will be used solely for the purposes 

of this research project, which may include publications, and for 

associated higher degrees; 
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the information which I give may be shared in anonymised form 

between any of the research teams participating in this project; 

all information which I give will be treated as confidential, and 

pseudonyms will be used in order to preserve anonymity to the 

greatest possible extent. 

............... ······ ......... . 

(Signature of learner) (Date) 

(Printed name of learner) (Course) 

One copy of this form will be kept by learner; a second copy will be kept by the 

researcher. 

Data Protection Act: The University of Exeter is a data collector and is 

registered with the Office of the Data Protection Commissioner as required to do 

under the Data Protection Act 1998. The information you provide will be used 

for research purposes and will be processed in accordance with the University's 

registration and current data protection legislation. The information is required in 

connection with a study which aims to develop formative assessment practices 

in vocational education and literacy, language and numeracy. Data will be 

confidential to the research team and will not be disclosed to any unauthorised 

third parties without further agreement by the participant. Reports based on the 

data will be in anonymised form. 
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Appendix 4 

Redesigning computer-based assessment tests 
for use as a learning tool: profiling tacit learning 
processes instead of measuring learning 
outcomes. 

Carol Collins 
Learning and Skills Network (LSN) 
carol.collins@lsneducation.org.uk 
Relevant professional project websites 
LSN http://www.lsneducation.org.uk/research/centres/rcfteachlearncu 
rricqual/programmes .aspx 
I FA_ http://www. brookes .ac.uk/schools/education/staffinfo/eccleston
FAproject. htm I 
TLTP3_ http://www.caacentre.ac.uk/ 

Professor Angus Duncan 
University of Bedfordshire 
aduncan@beds.ac.uk 

OVERVIEW 

In this paper we have redesigned Computer Based Assessment (CBA) test items and 
test construction to enable the profiling of tacit learning processes, instead of solely 
measuring learning outcomes. The idea, developed as part of a research degree 
programme is to use CBA as a developmental tool to guide learning processes 
through the strategic use of feedback. The background and underpinning knowledge 
evolved as a result of personal professional activity on two research projects: 
Improving Formative Assessment (IFA, 2005-07) and the Computer Assisted 
Assessment Centre (CAA, 2000-03). Coupled with this is practical, hands-on 
experience of implementing Computer Based Assessment (CBA) at the University of 
Bedfordshire. In this paper we present a theoretical model of a CSA design that is an 
iterative and non linear process. The model has been designed with its embedded 
subject content to provide an illustrative model and example of how feedback in CSA 
can enhance learning. This is important as a means of challenging widely held 
assumptions about CSA and extending its use as an effective learning tool. The 
paper is relevant to the conference theme 2, Great designs for assessment. 

DESCRIPTION OF THE CASE 

Computer-based Assessment (CSA) is founded on objective test methods and is 
primarily used for measuring learning outcomes. Objective test methods require that 
an answer(s) or solution(s) be stipulated in advance. In contrast, in a more subjective 
type of assessment, answer(s) are not stipulated in advance and are considered 
impressionistic (whereby the whole is greater than the sum of the parts). 
Assessments of this kind will typically include critical analysis of literary works . (Bull 
and Collins, 2001 ). A discursive assessment of this kind is often evaluated bye-peer 
or e-tutor, using a scoring rubric or criteria and personal judgment and intuition. The 
model presented in this case is one that places learners at the centre to (a) capture 
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and profile t~e lear~ers' tacit learning processes, (b) capture mode of expression used 
and (c) provide a printout for use as critical reflection or peer review in a personal 
dev~lopment plan or portfolio. While the conceptual model is based on Question Mark 
Designer and Perception software, any product or combination of products that has 
the functionality to perform the operations required can be used. These include: a 
range of basic question types, branching facility, feedback options, scoring 
mechanisms, meta-tags, item analysis statistics and print-out of results. The case is 
contextualised by populating with intellectual content in the science domain of 
v~l?3noes. The activity requires learners to seek answers by asking questions and to 
cntrcally reflect on their actions based on the feedback information supplied. It is 
designed not as a delivery tool to learn about volcanoes but as an analytic tool to 
evidence the students' reasoning strategies and judgements taken to solve a specified 
problem. It captures the reasons why particular actions were important to the students 
at that point in time. 

RATIONALE IN TERMS OF EDUCATIONAL IDEAS 

The area of automating subjective or free type assessments (ones not linked to the 
principles and practices of objective tests) within a CBA type environment is an area 
much sought after by awarding bodies and testing agencies. However, since free 
expression requires complex linguistic parsing of free text responses, this is an area 
still in its infancy and remains a challenge for the future. However, the potential is 
there to extend CBA type activities through the strategic use of feedback in the design 
features. Skills and competencies (and through identification of sub-skills) that signal 
or indicate performance in relation to learning outcomes can be profiled. If test items 
are meta-tagged at the test construction stage, CBA can produce a profile of individual 
and cohort performance based on these tagged test items. For instance, performance 
on certain question types (that hold embedded features such as visual, mathematical 
or linguistic expression) and specific education objectives (that embed a specific skill 
level) can be generated by the computer and fed back to the test designer and the 
learner for refinement or reflection. Test items can be calibrated or information can be 
given to the test taker for analysis and reflection upon their particular strengths and 
weaknesses. For further details see Collins (2003). 

In the example below, the common types of meta tag conventionally used in CBA test 
design is given based on Bloom's taxonomy of cognitive skills (1956). Scores for test 
items can be allocated individually or a combinatorial system as in a matrix can be 
designed to add sophistication and complexity to the outcome. 

Question Type 
Multiple Choice 
Multiple Response 
Graphical hot spot 
Assertion/reason 

Drop down list 

Drag and drop 
Text/numeric match 

Educational objective 
Knowledge 
Comprehension 
Application 
Analysis 

Synthesis 

Evaluation 

illustrative Sub-skills 

Identification of patterns 
Recognition of components 
and their relationships 
Generalise, relate 
knowledge, inteQrate, predict 
Make judgements, evaluate, 

, defend, discriminate, 

Table 1. Meta-tagging for profile building (with illustrative sub-skills) 

However, indicated above is only an example of the most typical or commo_n variabl~s 
sed in CBA and these could be substituted for other less common typologies or traits. 

~or instance the attribute of creativity might include items designed to demonstrate 
the process that embeds features that are said to describe the creative process 
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(preparation, incubation, illumination and verification) or to demonstrate other traits 
identified by typologies as types. 

Instead of meta-tagging items by outcomes, they can be meta tagged and scored by 
process. An analytic indicator of specific tacit learning processes can be formulated 
and with further technological refinement implemented as an analyser. The scoring 
mechanism will initially be set as a default measure (based on the expert judgement of 
an optimum answer) but with the item response analysis functionality can capture the 
view of the individual and the cohort. 

EVALUATION 

This is a theoretical model. Objective test principles and practices can form the basis 
of the design if all the variables (potential predictable answers) for a solution to a given 
problem are identified in advance (as in the case of item 2 above) or a catch all used. 
The student can work through the process of finding an optimum answer, by activating 
the supply of feedback. Through the strategic use of free text expression the student 
can critically reflect and compare with peers or expert judgement about the optimum 
solution and discuss the differing modes of expression. 

A working model would produce an output that is useful at all stages of its 
development to assess threshold learning skills and tacit traits as part of a Personal 
Development Planning(PDP). 
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MODEL OF PROCESS 

Test Construction: CBA adaptive test design: <iterative process> 

Item 1: Scenario (presented as a statement MCQ with zero score) 

Long Tem1 Objectives
Short Term Objective 

"The forest lies south ofHilo. on the "big island" ofHmvai'i. in the shadmv 
ofKilauea, the i,mrld's most active volcano. TYao Kele o Puna (rhe name 
means "rainforest of the district ofPuna") bz!ffers the protecred highland 
forests and lava lands ofHcnvai 'i Volcanoes 1Vazional Park and the 
Kahauale ·a Nawral Area Resen,eji·om the farms and .sprawl ofthefasr
grmving Puna district. It contains dense 800-year-old tracts ofred
b!ossomed 'ohia trees and hapu ·u tree ferns interspersed with recent, 
sparse(}! vegetated lava flows. AIore than 100 nalive planr species are found 
within the forest"_ Text extract (Kmi Sanburn) 

An eruption has started on the East Rift Zone of Kilauea in the Puna district 
sending a lava flow in the direction of part of the forest where rare plant 
species occur not found elsevvhere on the island. The lava flmv front is 
currently 2 km from the site where the rare plant species are located in a 
valley floor. 

Item 2 Hypothesis (Push button question) Item 3 Call for Information on 
(1, 2 or 3) i 

item 4 (Free text response) 

Learner gives solution and reasons ..Sh01i tern1 objective achieved. 

r 
Long tenn objective hypothesis print out for PDP 

1. Divert the lava flow 
2. Move the plants to safety 
3. Build a wall round the plants 

Feedback triggered by response to item 
2 (1,2,3) designed at different levels for 
the student to think about and act upon 
to effect a solution ( optimum solution) 

Figure 1 . Model of Iterative Process 

110 



EXAMPLE OF FEEDBACK TO BE SUPPLIED ON LEARNER ACTIVATION 

Option 2 activatt:d: You arc given above the fact that the lava 

SHORT TERM PROBLEM 

INFORMATION 1a INFORMATION 2a INFORMATION 3a 

It is not possible to 
divert this lava flow 

There is good access 
by road to close to the 
Plant site. 

If a lava is in full flow 
it will overtop most walls. 

INFORMATION 1 b INFORMATION 2b INFORMATION 3b 

It is almost impossible 
to stop the advance of a 
lava flow with a barrier. 
Attempts have been made 
on Etna and Hawaii to 
breach the lateral walls 

There is a track accessible 
by 4xWD jeeps to within 
50 m of the plant site. 

Lava flows typically 
overtop or knock over 
obstacles 

of lava flows near source 
is 2 km from the plant site. Thelma flow is advancing at 200thereby starving the flow 
metres an hour how long haw you got to move the plants front - it is arguable 
REQUEST INFORlv1ATION (-+)whether this has been 

successful. 

INFORMATION 4a 

You can calculate how long it will take. You know the distance is 2 km and the lava is 
traveling at 200 metres per hour. Convert the distance 2 km into metres which is 2000 
metres and use the following expression to calculate how long it will take the lava to 
reach the site. 

Time (in hours)= distance (in metres)/ velocity (metres per hour) 

INFORMATION 4b 

Time = distance/velocity 

LONG TERM PROBLEM 

This is a predictable problem. Eruptions from the East Rift Zone of Kilauea are 
frequent - in the last sixty years there have been eruptions of lava in 1955, 1960, 
1965, 1969-74. 1977, and 1983- ongoing 2007. 

Q: What needs to be done in the long term to make the rare plants less vulnerable? 

REQUEST INFORMATION 5 

INFORMATION 5a 

Vulnerable means they are likely to be destroyed by eruption of lava from the East Rift 
Zone of Kilauea. You need to think of ways of making the rare plants vulnerable to 
single eruption. You have six months to undertake your plan of action .. Think carefully 
about ways of reducing vulnerability. The following example may help you. A single 
engine aircraft is very vulnerable to crashing if it suffers engine failure, a jumbo jet with 
four engines is much less vulnerable if it suffers failure to an engine. 

INFORMATION Sb 
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Vulnerability is a measure of the degree of damage or loss which will be suffered 
when subjected to a hazard event (e.g. eruption of a lava flow). You have six months 
to put in place your plan of action. Think carefully about ways to reduce vulnerability. 

SUGGESTED SOLUTION OF EXPERT 

To reduce vulnerability from an eruption of lava it is proposed to disperse the rare 
plants to several different sites scattered along the East Rift Zone. This will greatly 
reduce their vulnerability to damage from an eruption. Careful selection will need to be 
made to identify sites with the right ecology. Remember lava flow tend to travel down 
valleys so selecting sites on ridges will further reduce the vulnerability of the rare 
plants to be destroyed by lava. 

References 

Bloom, BS (1956) with Englehart, Furst, Hill, and Krathwohl, Taxonomy of educational 
objectives, Cognitive Domain, Longmans, New York 
Bull J and Collins, C (2001) Ways of using technology to assess higher order skills: a 
comparison of objective and subjective assessment techniques and the implications 
for teaching and learning. ALT C 2001 Edinburgh (power point presentation) 
Collins C (2003) Performance based item analysis for profiling skills and 
competencies for progress files, CAA International Conference, Loughborough. 
Question Mark and Perception software: http://www.questionmark.com/uk/index.aspx 
Sanburn, K, (2006) Protecting Pele's Forest, web publication at 
htt~://www.tpl.org/tier3 cd.cfm?content item id=21061&folder id=3308 (accessed 
26 March 2007). 

112 

http://www.questionmark.com/uk/index.asDx
https://httK//www.tpl.org/tier3
http://www.questionmark.com/uk/index.aspx



