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Abstract

Learning about resolving complex problems means that modes of assessment become less deterministic – real world problems rarely pop up in a form that can be readily solved by an equation or two.  This often means the use of projects, portfolios and dissertations. Even simple mathematical problems can give rise to differences of opinion in marking but in the case of the less structured assessments – where answers may be ‘better’ or ‘worse’ rather than ‘right’ or ‘wrong’ – the assessment issues are much more stark.  When classes are large and the number of assessors equally substantial there are issues of reliability.  
In, for example sustainability education in its broadest sense, it is important to grasp the complex nature of the ‘wicked’ problems that this involves.  This inevitably means coping with problems for which there is no defined answer.  Part of this can involve learning to work collectively on an issue and the assessment concern then becomes one of marking group assignments and, possibly, the use of peer assessment.  Part of it may also involve the use of individual portfolios or reflective logs and these pose a different type of concern.  In many cases there can also be an individual project and the question of marking individual project reports or dissertations is a vexed one. 
This paper looks at some of the issues around the reliability of assessment in such circumstances and uses a large sample, drawn from the marking of Masters dissertations in a related area, to examine issues of double marking.  This study suggests a wide disparity between individual markers and that the practice of using a third marker, when the disparity in an individual case falls outside a given range, does not necessarily improve reliability.

1.
Introduction
Keith Willey and Anne Gardner1 suggest that ‘[in] an effort to achieve consistent grading between multiple markers, double-blind marking and/or re-marking a random selection of assessment tasks is often undertaken.  However, with high student numbers and teaching loads these activities are fast becoming unrealistic.’ As with Willey and Gradner, many of the issues surrounding marking of dissertations have been concerned with the undergraduate arena where difficulties of marking substantial numbers of project reports are considerable. However, there has been a tendency for postgraduate taught numbers to increase to much the same levels as undergraduate courses.  At this level, issues raised include types of assessment peculiar to specific subjects – for example examination of practicum rather than of dissertations.  Likewise, some of the more generic studies have focused on the need for detailed marking schemes to increase the accuracy of marking and the validity of various approaches rather than looking at the reliability demonstrated typically by blind double-marking. Raija Kuisma2 suggests that ‘… both intertester and intratester reliability are questionable.’ And goes on to suggest that ‘… despite very rigorous experiments and experienced markers the reliability is low… ’.  However, as with many other researchers, his concern is primarily with the marking of essays and other assignments throughout a course unit rather than a more substantial piece of work represented by a dissertation or thesis.
In this paper reliability is taken to mean the ability to reproduce the same mark for the same piece of work whereas validity looks at whether the assessment is appropriate to the learning.  In terms of reliability, the marks of supervisor and second marker can be seen as estimates of the ‘true’ mark.
At a November 2010 Examinations Board, some disquiet was expressed by a small number of examiners about the effects that second and third marking were having on their perceptions of the relative merits of their candidates.  In this particular university, there is at present a system in place that allows for marks to be averaged when they differ by less than 10 points but for third marking to take place when the difference is greater, or where the resulting average comes close to a grade boundary.  The third marker has earlier marks available and this avoids the difficulties that can arise when a third marker marks outside the range of the other two.  Although some difference in views on marking can be tolerated, the concerns expressed were that the effect of the second (and sometimes third) marker was to change the rank order of the candidates marked by the supervisor. One supervisor had two candidates awarded the same mark although he had failed one candidate and awarded the other a distinction!  This prompted a study of the data from that year’s results as well as a wider look at the issues involved.
Because of the subject matter and the sheer size of the cohort, candidates had been allowed to undertake empirical research, or ‘desk studies’, or to conduct thorough and critical literature reviews as a basis for their dissertations.  Markers were given a detailed assessment sheet that attempted to ground the marks by reference to criteria rather than norms.  This is shown at Table 3.
Sue Bloxham3 suggests that four assumptions underpin a, largely unchallenged, view of the reliability of assessment “in the higher education community:

1. We can accurately and reliably give a mark to most students’ work.

2. Even if individuals’ marking may sometimes be inaccurate, internal moderation ensures fair and appropriate standards in marking.

3.  Even if internal moderation does not reflect expected standards, external moderation ensures students are assessed against consistent standards across the UK University sector.
4. Students’ final award (degree classification) reflects their achievement in a consistent way within and, to a certain extent, across universities.”

She then goes on to demolish all of these ‘false’ premises.
Differences in mark can arise from a number of sources.  In this instance the first marker is always the student’s supervisor and the mark given may be coloured by the student’s performance during the research for the dissertation. Typically this is more likely to be a ‘halo’ effect where supervisors give higher marks than the written work merits because they have been aware of the effort and thought processes, which they then read into the dissertation although not present.  The opposite ‘horns’ effect can also be found where a dilatory student produces a dissertation of greater merit than the supervisor has been led to expect.  John Archer and Barry McCarthy4 suggest that the halo effect can also be produced by performance in other parts of a course and, even by other members of academic staff.  Barry McKinstry56 and colleagues, looking at the marking of undergraduate project reports, suggest ‘… that the supervisors mark significantly higher than second markers, suggesting a leniency effect.  This indicates that the supervisor’s mark is influenced by having known and worked with the student.’  They go on to suggest that this underlines the importance of clear criteria and also of training in using them.  A second source of error can arise from a lack of subject familiarity.  To some extent, a dissertation is expected to generate new knowledge but second markers may have only a very limited grasp of the subject area.  Raija Kusima suggests that ‘… lecturers have different views and differing levels of knowledge and therefore their expectations of students’ level of understanding vary and emphasis may be on different aspects of the written work’ and Cathy Edwards6 suggests that ‘… assessors are subject to overlapping but not co-terminous institutional and professional values from within the institutions and professions in which they work’. Markers new to the role may also have a lack of view of the standards to be applied; a paper by the authors3 suggests that those marking on a course unit for the first time award significantly different scores to those given by more established assessors and goes on to suggest initial training to help overcome this effect.  In the instance examined in this study a ‘buddy’ system was put in place to help ‘external’ assessors.
2. The Study
The student cohort numbered over three hundred, although some either did not proceed to the dissertation or had the marking suspended pending examination re-sits.  A total of ninety-two assessors were employed on the marking process, some marking only two or three dissertations.  In the initial analysis it was thought that there were ninety-three assessors but two of them proved to be the same individual with variations in the name used!  Many of the second markers were from a different part of the school with little detailed knowledge of the subject matter of the dissertation.

Two approaches were taken to the data.  First, a study was done of the differences in marks between pairs of markers – for this purpose the marks awarded by third markers were ignored.  First and second markers were not paired and only infrequently did the same pair mark a second or third dissertation. For each marker an average difference was calculated. The markers were divided into four groups:

A. Individuals who had supervised dissertations and who had also been available for second and third marking.  These are essentially core members of the team for this particular programme.
B. Individuals who had supervised dissertations and had also been available for second marking.  These are, in some way, connected to the programme and are largely serving or recently retired members of the School.
C. Individuals who had supervised dissertations but were not considered for second marking.  These are largely, if not entirely, external supervisors.
D. Individuals who had second marked dissertations but had not supervised.  These are drawn from the full-time staff of the School but may have only limited knowledge of the dissertation topics.  In this case academic staff from a ‘hard science’ background might find themselves marking dissertations on management or social issues.
The second approach was to subject the larger data tables to tests for correlation and analysis of variance.
3. Results

3.1 Pairwise comparison

Tables A1 and A2, in the appendix, summarise some of the results so far.  These tables are derived from an analysis between pairs of markers: for each marker the average difference from his or her co-markers has been calculated.  A negative difference indicates that this marker generally gives fewer marks than others, whereas a positive score indicates that this individual gives higher marks on average.  The range is from one individual who, on average, awarded marks 22% lower than those awarded by others marking the same dissertations, to two individuals who awarded marks on average more than 14% higher. A test was carried out to see if the average difference was in any way correlated with the number of scripts marked.  The correlation was found to be very low and, hence, not significant.  However, it is noticeable that in the case of the top ten differences the average number of dissertations marked was only 3.
For Group A (see above) the weighted average difference was -0.61; for Group B +2.27; for group C +1.77 and; for Group D -1.98.  These figures disguise considerable variation within the groups and only Group D shows any significant difference (at the 95% level) from the overall average.

As might be expected, Group A shows the greatest consistency, with a standard deviation of 4.2, but this still represents a range of average marking difference from 
-6.18 to +6.80.  This group undertook the third marking of dissertations where there was a substantial gap between first and second markers and, in such cases, their mark was not averaged with the others.  However these markers were given the results of previous rounds of marking and were required to produce a mark within that range.
An exercise was undertaken to reassign marks to 275 candidates, for whom there was full information, applying the average of the differences for individual markers to the average of the two marks and comparing this with the actual results awarded.  The results of that exercise suggest that 38 individuals would go down a grade and 33 would go up a grade; moreover 16 individuals who had passed would instead have failed and 9 who failed would have passed.  In this case the grades considered were: Fail; Pass; Merit; Distinction. However, in both instances there are a number of borderline cases such that probably only half of those numerically below the boundary would actually have failed and rather less than the 38 individuals would have gone down a grade.  Of the 275 dissertations reviewed, 69 had gone to double marking and of these 33 differed in mark by one grade from the calculated score, ten producing a difference one grade higher than the calculated score and twenty-three one grade lower.
3.2  Variance and regression analyses

A regression of the actual mark awarded on the average of first and second marks, unsurprisingly, showed a near-perfect regression in terms of R-squared results.
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Figure 1: Plot of Actual final marks against average of first and second markers

Clearly, from this, some average marks are way out from the final year marks allotted. So something seems to be going on outside what is on the spreadsheet if these figures are valid.  An analysis of variance (see Table 1) features 26 outliers (standardised residuals  either < -2 or > +2).  The expectation was that this analysis would give only 14 (ie 5% of 275) outliers. Details of the standardised residual values show that certain markers seem to proliferate e.g. 10, 28 and 38. These markers and to a lesser extent the others shown seem to be the most problematic in terms of discrepancies with the double marking.   These assessors are part of the core team who undertake third marking and whose figures suggest that they are relatively ‘hard’ markers.
	Table 1: Results of the analysis of variance model

ANOVAc,d

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	973733.803
	1
	973733.803
	86696.766
	.000a

	
	Residual
	3066.197
	273
	11.231
	
	

	
	Total
	976800.000b
	274
	
	
	

	a. Predictors: average_mark
	
	
	
	

	b. This total sum of squares is not corrected for the constant because the constant is zero for regression through the origin.

	c. Dependent Variable: Final_year
	
	
	

	d. Linear Regression through the Origin
	
	
	

	Coefficientsa,b

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	1
	average_mark
	.992
	.003
	.998
	294.443
	.000
	1.000
	1.000

	a. Dependent Variable: Final_year
	
	
	
	
	
	

	b. Linear Regression through the Origin
	
	
	
	
	

	Residuals Statisticsa,b

	
	Minimum
	Maximum
	Mean
	Std. Deviation
	N

	Predicted Value
	30.7524
	76.8810
	59.0236
	8.38124
	274

	Residual
	-17.96884
	12.24761
	.07860
	3.35042
	274

	Std. Predicted Value
	-3.373
	2.131
	.000
	1.000
	274

	Std. Residual
	-5.362
	3.655
	.023
	1.000
	274

	a. Dependent Variable: Final_year
	
	
	

	b. Linear Regression through the Origin


	
	
	


An analysis of variance of marking difference by marker type showed those in group D to be significantly different from the others but also contributing little to any overall result.   Although not readily applicable, the analysis suggests a regression equation to produce a final mark of    y = 6.03 + (0.911 x average of both markers) – (0.11 x difference in marks) + 0.352 x (group A mark) – (1.19 x group B mark) – (0.470 x group C mark).  However, this still leaves twenty cases with a large standardized residual.  Further analysis is necessary to resolve this.
4. Discussion

There is concern that steps should be taken to reduce the effect of potential marker error. As a result of the initial feedback on this study, the programme team is taking a number of steps to try to reduce the disparity is marks.  First, each individual marker will be given advice as to where their marks lie, relative to others.  Second, markers will be expected to undertake a larger marking load than three or four dissertations; third, and related to this, the team of markers will be reduced.  Finally, permission will be sought to employ some of the ‘external’ supervisors as part of the second marking team, reducing or eliminating the use of markers from beyond the subject area.  The success, or otherwise, of these moves will be monitored and any necessary changes introduced.  Initially it had been hoped that a more robust statistical method could be found to reach a final mark, other than using third markers, but the sheer number of markers involved has caused considerable problems of data manipulation, which cannot readily lead to a numerical approach, but which might be resolved in future years.  Manipulating the results using the average differences in marks between markers would materially affect the results of about a quarter of the students and there is a judgement to be made as to whether this represents a ‘truer’ result.  Moreover, this approach would not necessarily overcome any individual biases in the supervisor’s scoring since ‘halo’ and ‘horns’ effects might be averaged out.
5. Conclusions

The differences in marking, for the same pieces of work, are very substantial – worryingly so.  Although the sources of this variation have yet to be determined, the evidence so far is that second markers with a limited knowledge of subject content generally tend to give lower marks.  There is no evidence that those with higher marking loads on average mark higher or lower than those with lower marking loads, though those who diverge most from the norms generally have lower marking loads.  Although the third marker system can be seen as bringing some level of consistency, there are still variations within the marking biases of those who undertake this task and, although not conclusive, there is some evidence that third markers detract from the overall inter-assessor reliability. In any case the arbitrary 10% difference, taken to prompt a third marking, hides cases where first and second marking have been done by two ‘easy’ markers or two ‘hard’ markers.
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Appendix

Table A1: Markers relative biases by number of dissertations marked

	Marker
	Δ
	Number
 marked
	
	Marker
	Δ
	Number
 marked

	
	
	556
	
	61
	-0.40
	11

	3
	-22.00
	3
	
	72
	-0.40
	5

	2
	-18.00
	3
	
	17
	-0.33
	3

	13
	-13.40
	5
	
	
	
	

	80
	-11.25
	4
	
	78
	0.00
	3

	19
	-11.00
	2
	
	12
	0.07
	3

	29
	-10.00
	3
	
	41
	0.30
	6

	43
	-9.50
	2
	
	91
	0.30
	3

	79
	-8.17
	3
	
	63
	1.27
	11

	58
	-8.00
	3
	
	76
	1.50
	4

	71
	-7.98
	8
	
	9 
	2.20
	1

	59
	-7.67
	3
	
	73
	2.25
	4

	65
	-7.33
	3
	
	36
	2.43
	21

	88
	-7.33
	2
	
	49
	2.67
	3

	26
	-7.00
	5
	
	40
	2.68
	12

	62
	-7.00
	2
	
	35
	2.80
	10

	18
	-6.67
	3
	
	81
	2.90
	5

	55
	-6.50
	2
	
	46
	3.00
	3

	38
	-6.38
	20
	
	85
	3.00
	3

	69
	-6.33
	3
	
	23
	3.20
	18

	6
	-6.17
	3
	
	77
	3.25
	10

	28
	-6.13
	19
	
	8
	3.30
	10

	31
	-5.67
	3
	
	48
	3.67
	3

	90
	-5.67
	15
	
	74
	4.33
	3

	32
	-5.33
	3
	
	52
	4.36
	7

	16
	-5.00
	3
	
	82
	4.55
	11

	89
	-5.00
	3
	
	1
	4.90
	3

	42
	-4.83
	3
	
	30
	5.40
	10

	51
	-4.67
	3
	
	56
	5.40
	20

	53
	-4.40
	5
	
	83
	5.77
	11

	33
	-4.33
	3
	
	92
	6.00
	3

	47
	-4.07
	15
	
	21
	6.17
	6

	60
	-3.67
	3
	
	54
	6.17
	3

	75
	-3.67
	3
	
	84
	6.20
	5

	27
	-3.00
	3
	
	34
	6.77
	3

	15
	-2.67
	3
	
	44
	6.80
	10

	66
	-2.50
	6
	
	57
	7.13
	8

	4
	-2.33
	3
	
	11
	7.58
	3

	22
	-2.28
	21
	
	86
	8.50
	4

	39
	-2.17
	3
	
	50
	9.50
	2

	68
	-2.00
	3
	
	45
	10.17
	3

	70
	-2.00
	3
	
	14
	10.33
	3

	37
	-1.44
	19
	
	7
	10.50
	2

	20
	-1.00
	3
	
	25
	11.00
	2

	10
	-0.82
	19
	
	93
	13.00
	3

	24
	-0.69
	19
	
	64
	14.33
	3

	67
	-0.67
	3
	
	5
	14.40
	5


Table A2: Markers relative biases by marker type
	Marker
	Δ
	type
	No marked
	
	Marker
	Δ
	type
	No marked

	
	
	
	
	
	3
	-22.00
	D
	3

	
	
	
	
	
	2
	-18.00
	D
	3

	38
	-6.38
	A
	20
	
	19
	-11.00
	D
	2

	28
	-6.13
	A
	19
	
	29
	-10.00
	D
	3

	47
	-4.07
	A
	15
	
	43
	-9.50
	D
	2

	22
	-2.28
	A
	21
	
	79
	-8.17
	D
	3

	37
	-1.44
	A
	19
	
	58
	-8.00
	D
	3

	10
	-0.82
	A
	19
	
	59
	-7.67
	D
	3

	24
	-0.69
	A
	19
	
	65
	-7.33
	D
	3

	91
	0.30
	A
	3
	
	88
	-7.33
	D
	2

	36
	2.43
	A
	21
	
	18
	-6.67
	D
	3

	23
	3.20
	A
	18
	
	55
	-6.50
	D
	2

	56
	5.40
	A
	20
	
	69
	-6.33
	D
	3

	44
	6.80
	A
	10
	
	6
	-6.17
	D
	3

	
	
	
	
	
	31
	-5.67
	D
	3

	
	
	
	
	
	90
	-5.67
	D
	15

	13
	-13.40
	B
	5
	
	32
	-5.33
	D
	3

	80
	-11.25
	B
	4
	
	16
	-5.00
	D
	3

	62
	-7.00
	B
	2
	
	89
	-5.00
	D
	3

	41
	0.30
	B
	6
	
	42
	-4.83
	D
	3

	9 
	2.20
	B
	1
	
	51
	-4.67
	D
	3

	73
	2.25
	B
	4
	
	33
	-4.33
	D
	3

	77
	3.25
	B
	10
	
	60
	-3.67
	D
	3

	52
	4.36
	B
	7
	
	75
	-3.67
	D
	3

	83
	5.77
	B
	11
	
	27
	-3.00
	D
	3

	84
	6.20
	B
	5
	
	15
	-2.67
	D
	3

	57
	7.13
	B
	8
	
	4
	-2.33
	D
	3

	14
	10.33
	B
	3
	
	39
	-2.17
	D
	3

	25
	11.00
	B
	2
	
	68
	-2.00
	D
	3

	
	
	
	
	
	70
	-2.00
	D
	3

	
	
	
	
	
	20
	-1.00
	D
	3

	71
	-7.98
	C
	8
	
	67
	-0.67
	D
	3

	26
	-7.00
	C
	5
	
	17
	-0.33
	D
	3

	53
	-4.40
	C
	5
	
	78
	0.00
	D
	3

	66
	-2.50
	C
	6
	
	12
	0.07
	D
	3

	61
	-0.40
	C
	11
	
	49
	2.67
	D
	3

	72
	-0.40
	C
	5
	
	81
	2.90
	D
	5

	63
	1.27
	C
	11
	
	46
	3.00
	D
	3

	76
	1.50
	C
	4
	
	85
	3.00
	D
	3

	40
	2.68
	C
	12
	
	48
	3.67
	D
	3

	35
	2.80
	C
	10
	
	74
	4.33
	D
	3

	8
	3.30
	C
	10
	
	1
	4.90
	D
	3

	82
	4.55
	C
	11
	
	92
	6.00
	D
	3

	30
	5.40
	C
	10
	
	54
	6.17
	D
	3

	21
	6.17
	C
	6
	
	34
	6.77
	D
	3

	86
	8.50
	C
	4
	
	11
	7.58
	D
	3

	5
	14.40
	C
	5
	
	50
	9.50
	D
	2

	
	
	
	
	
	45
	10.17
	D
	3

	
	
	
	
	
	7
	10.50
	D
	2

	
	
	
	
	
	93
	13.00
	D
	3

	
	
	
	
	
	64
	14.33
	D
	3


Table A3: Marking Criteria
	Element
	Criteria


	Comments     
	Marks

	Introduction:

Aims and

Objectives


	· An abstract

· A clear description of the project

· A clear explanation of the aims and objectives

· A reasoned statement on the significance of the topic

· The limitations of the project
	
	/10

	Methodology
	· A description of the characteristics of the data

· A description of the process or processes for gathering data

· Justification for the method or methods of data collection
	
	/10

	Background

Review


	· An overview of the wider context within which the project is set

· A summary of the background literature

· Evidence of an understanding of background literature and its relevance
	
	/20

	Main Content

and Critical

Analysis
	· Appropriate, adequate and relevant data

· Coherent, reasoned analysis and evaluation of data, issues, concepts and views
· Evidence of creativity, originality and reflection in discussing, structuring, analysing and reviewing data
	
	/25

	Conclusions
	· Demonstration that the aim and objectives have been achieved

· Conclusions and recommendations which are shown to flow from the critical analysis and evaluation of the data
· Evidence of an ability to show the interrelationships between the data and personal evidence-based comment and opinion
	
	/20

	Presentation
	Appropriateness and quality of the following?

· Structure, layout and clarity of presentation

· Use and clarity of language, and grammar and spelling

· References and system of referencing
· Use of diagrams, tables, illustrations and appendices
	
	/15

	TOTAL
	General comments on dissertation:
	
	/100
































