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A METHOD FOR MANIPULATING DATA IN THE ASSESSMENT OF
AN ANSWER PORTFOLIO

FIELD OF THE INVENTION

The present invention relates to a method for
manipulating data in the assessment of an answer
portfolio. The present invention also relates to a method
and an analysis tool for facilitating the assessment of

assessors.
BACKGROUND TO THE INVENTION

Assessment of an examination or coursework answer,
such as homework or end of unit assessment work, has
traditionally been carried out on paper. An examination
or coursework dquestion is given to the student. The
student produces an examination or coursework answer and
submits his answer on paper to a teacher or examining
board for assessment. An assessor, such as a teacher or
member of an examining board assess the answer and
expresses this assessment by writing on the work in ink,
traditionally red 4ink, indicating marks awarded and
providing comments relating to how well the student has
met the objectives of the question. Where a mark is
awarded the assessor will ordinarily indicate this with a
tick or a number associated with the number of marks
warranted. The number of ticks or marks will be summed to
give an overall mark for the answer. The Examiner uses a
marking schedule to facilitate the marking process. The
marking schedule facilitates consistent marking of each
student’s answer and between different assessors. The

overall mark can then be compared to a chart to give an
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overall grade or compared to the other students’ overall
marks to give an overall grade.

More recently, answers are scanned to produce a
pixel image of the answer, for example a CCITT Group 4
compressed TIF image. The pixel image of the answer is
then sent to an examiner over an intranet. The examiner
can then asses the answer and provide his mark directly
to the student or to an awarding body. Furthermore,
students are assigned questions by teachers on computers
and students prepare answers on a computer and submit
their answer to the assessor, such as a teacher or
awarding body for assessment in a computer readable
format.

A student may answer a question using a computer
application program, such as Word™, Powerpoint™,
Inspiration™ or Flowol™ . The answer may be saved in a
data file for that application and submitted to the
assessor (i.e. handed in) in that form. Alternatively, a
coursework answer may be printed and submitted on paper
of various sizes. But in so doing, some of the benefit of
using a computer to generate this coursework will be
lost. A Powerpoint™ presentation, when printed out,
loses all animation, sound, video and transitions that
have been included. When a spreadsheet is printed, for
example, it is impossible to see what, if any, formula
have been used to calculate specific cells. A coursework
answer may utilise any sort of recordable medium to
record the coursework, such as on paper, or in computer
readable text files, drawing files, spreadsheet files,
database files, video files, audio files etc. recorded on
to a flash memory stick, a network drive, a local drive,
a CD or DVD or the 1like. In the case of design and

technology, art and some other coursework, the coursework
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answer may be submitted in three-dimensional form.

A problem observed by the present inventors, is that
questions require very short answers and/or 1long
questions are presented in the form of a series of
questions requiring short answers. This is at least in
part, due to the way marking schedules are used. Marking
schedules work very well for short answer questions.
However, marking schedules become less useful for long
answer questions, where the objective nature of marking
schedules becomes blurred with subjective long answers.

It is known to sort a multiplicity of hand written
answer papers into a series of pairs of answer papers and
for a series of assessors to judge each pair and decide
which of the pair is a better answer than the other. By
carrying out this procedure many times, it is known to
create a list of answer papers ranking the best to worst.
However, this system is very time consuming and requires
all of the assessors to be in one room and to carry out
this procedure in one long session, which is impractical.
Accordingly, this method of assessment has been confined
to small scale class size assessments and has not gained
popularity. It is known to use a computer to sort out the
pairs for comparison. However, the data processing power
required to do this is enormous and has heretoforth been
impractical to be carried out on a large scale. The
present invention addresses the problems associated with
large data handling and manipulating data. Thus the
present invention facilitates a reduction in data flow
across a network; a reduction in processing power
required of a central processor in deciding which pairs

should be judged, in what order and by which judge.
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SUMMARY OF THE INVENTION

In accordance with the present invention, there is
provided a method for manipulating data in the assessment
of an answer portfolio, the method comprising the steps
of routing a multiplicity of answer portfolios to a file
server, each answer portfolio assigned with an
identifier, the file server having an engine running an
algorithm, the algorithm sorting the multiplicity of
answer portfolios into pairs of answer portfolios using
the identifiers and routing each pair of answer
portfolios to a defined judge’s computer terminal of a
multiplicity of judge’s computer terminal, the algorithm
comprising the steps of receiving data from the judge’s
computer terminal indicative of which of the answer
portfolios of the pair of answer portfolios wins over the
other of the pair of answer portfolios the method further
comprising the step of the engine running the algorithm
using the data, the algorithm comprising a Rasch
analysis. Thus the method of the invention attempts to
reduce data flow across the network and reduce the
processing power required of a central processor in
deciding which pairs should be judged, in what order and
by which judge. The answer portfolio may be an answer to
an examination question set in an examination environment
with an invigilator present or may be the answer to a
coursework question.

Preferably, the Rasch analysis checks each answer
portfolio against all other answer portfolios of the
multiplicity of answer portfolios. Advantageously, a
parameter value is calculated for each answer portfolio
and used in the selection of pairs of portfolio answers.

Advantageously the method further comprises the step of
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the engine carrying out at least three rounds of a Swiss
tournament before the answer paper are subjected to the
Rasch analysis and selecting pairs of portfolio answers
based on number of wins. Preferably, between four and
' seven Swiss tournament rounds and most preferably, six
rounds. Advantageously, the pairs of portfolio answers
are selected by the similar and most preferably the same
number of wins, thereby selecting a pair of portfolio
answers which have a greater probability of being similar
in standard. The Swiss tournament is limited to just a
few rounds, such as six rounds. The Swiss Tournament is
used as a crude method for calculating the parameter
value, which is then refined using the Rasch analysis.
The judges have a greater chance of being given very
similar standard answers, which makes it difficult ¢to
pick a winner. The inventors have observed that a more
accurate overall ranking is achieved with fewer rounds by
ensuring that portfolio answers are provided in pairs
which are of a similar, but not too similar standard.
This is achieved, at least in part by using the Rasch
analysis to determine a parameter value for each answer
portfolio and then using a difference range or wvalue to
pair off the answer portfolios. The difference range or
value was determined with the aid of the work carried out
by Louis Leon Thurstone, disclosed in a paper entitled
“The Measurement of Psychological Value" published in a
compendium by Thomas Vernor Smith and William Kelley
Wright (eds), Essays in Philosophy by Seventeen Doctors
of Philosophy ¢f the University of Chicago. Chicago: Open
Court (1929): 157-174.

Preferably, each portfolio answer is assigned an
initial parameter value (V) calculated wusing the

following equation:
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wherein:

“Vi” is the parmeter value for answer portfolio i;

“wins;» is the number of wins £for the answer
portfolio i;

“spread” is a fixed value for the range of the
parameter values; and

“maxwins” is the largest number of wins recorded by
an answer portfolio of +the multiplicity of answer
portfolios

and the parameter value (V) used to select pairs of
portfolio answers. This equation is preferably used
during the Swiss tournament rounds to determine a
parameter value for each answer portfolio.

Advantageously, the Rasch analysis comprises the
step of calculating a probability of answer portfolio (i)
winning or losing against answer portfolio (3).

Preferably, the probability is calculated using the
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equation:

wherein:

“prob(i,j)” is the probability of (i) winning or
losing against (j):;

“Vi” is the parameter value of (i); and

“V3j” is the parameter value of (j).
Advantageously, the Rasch analysis comprises the step of
calculating an adjustment figure (4;) to adjust the
parameter value (V) to calculate on adjusted parameter
value. Preferably, the adjustment figure (A;) is

calculated using the equation:
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wherein:

“num;” is calculated using the equation:
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“denum;" is calculated using the equation:
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“prob(i,j)” is the probability of (i) winning or losing
against (j):
“wins;;” is the number of times answer portfolio (i) won
when compared to the other answer portfolio (j); and
“comp(I,j)” is the number of times answer portfolio (i)
was compared to the other answer portfolio (j).
Preferably, the adjusted parameter value (Vi) is
calculated by the equation:

Advantageously, the algorithm centres all of the
adjusted parameter values (V) about an average parameter
value (AV). Most preferably, the algorithm subtracts the
average parameter value (V) from each adjusted parameter
value (V) to obtain a value centred around zero and
preferably, this spread of values is displayed on a graph

to enhance interpretation of the data.
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Preferably, the Rasch analysis comprises the step of
centring all of the adjusted parameter values (V) about

an average parameter value (AV) using the equations:
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wherein (N) is the number of portfolio answers in
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the multiplicity of portfolio answers; and

preferably, the algorithm calculates a Root Mean
Square (RMS) value of the adjustment figures (A) using
the below equation:

and the algorithm checking the Root Mean Square (RMS)
value of the adjustment figure (An) relative to a
threshold. Preferably, the Rasch analysis stops when the
Root Mean Square (RMS) value of the adjustment figure (A)
is below the threshold which is advantageously, 0.001.
Preferably, the Rasch analysis monitors the maximum
adjustment figure which has to also be below a threshold,
which is advantageously, 0.01, before the Rasch analysis
stops.

Preferably, pairs of portfolio answers are selected
after the Rasch analysis by selecting portfolio answers

which have a parameter value difference of between 1.0
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and 0.5, and preferably by 0.8 and 0.6 and most
preferably by 0.7. These values have been derived using a
methodology compiled by Louis Leon Thurstone.
Advantageously, each portfolio answer forms part of
between five and thirty and preferably between twelve and
twenty pairs of portfolio answers to be judged.
Preferably, the parameter wvalue £for each of the
multiplicity of portfolio answers is shown on a graph.
Preferably, the graph is dynamic, updating in real time
as the judging of pairs of portfolio answers continues.
Advantageously, the graph is shown on a wvisual display
unit of a principal moderator or administrator.
Preferably, the engine calculates a standard error
for each portfeolio answer and displays the standard error
on the graph.
Advantageocusly, the engine carries out the step of
calculating a misfit wvalue for each of the portfolio

answers, the misfit value calculated by the equations:
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Preferably, the mis-fit value . is displayed
graphically. Preferably on a graph, with one axis showing
the mis-fit value and the other the name of the student.

Advantageously, the engine executes an judgement

algorithm to assess quality of the judges by comparing
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results a judges Jjudgments with the Jjudgements of at
least a portion of judgements made by other judges.
Preferably, the judgement algorithm calculates a misfit

value calculated using the following equations:
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Preferably, a student’'s computer terminal is
connected to the internet, the portfolio answer submitted

and sent to the file server over the internet. Preferably
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the portfolio answer is submitted over a secure tunnel or
through a virtual private network using the internet.
Advantageoﬁsly, the portfolio answer is sent to an
invigilator’s computer for submission to the file server.
Advantageously, the multiplicity of examination
answers are each prepared and sent to the file server
from a student’s computer <terminal. The student’s
computer terminal may be a workstation, a laptop or a
mobile communication device. Preferably, the portfolio
answer is prepared on the student’s computer terminal
using a web based application, such as MAPS may be used,
and may be accessed through a secure link.
Preferably, the data is sent from the Jjudge’s
computer terminals to the file server over the internet.
Advantageously, the method further comprises the
step of providing information on a forecast grade for the
candidate a first set of a plurality of pairs of
identifiers is formulated before the first round of Swiss
tournament. The information may be provided by a teacher
or a member of the student’s learning establishment. The
first set of pairs would otherwise be chosen at random.
The present invention also provides a system for
manipulating data in the assessment of examination
answers, the system comprising a file server, examination
answers in the form of data routed from a multiplicity of
computer terminals, each examination answer assigned with
an identifier, the file server having an engine running
an algorithm, the algorithm sorting the multiplicity of
examination answers into pairs of examination answers
using the identifiers and routing each pair of
examination answers to a defined judge’s computer
terminal of a multiplicity of judge’s computer terminals,

the algorithm comprising the steps of receiving data from



WO 2010/139975 PCT/GB2010/050865

- 12 -

the judge’s computer terminal indicating which of the
examination answers of the pair of answer papers wins
over the other of the pair of answer papers, the system
using the data in the algorithm, the algorithm comprising
a Rasch analysis.

An advantage with using this approach, is that time
taken for the processor in the main computer to carry out
the computation is at an acceptable level, approximately
five minutes on a **??** computer to calculate the first
set of pairs. Another advantage is that the number of
pairs of papers which are sent out to each assessor’s
workstation is minimized, thus minimising computer
handling. in that the number of rounds is minimized and
the number of Jjudges or assessors is minimized.
Distribution of the answer portfolios will be a
minimized, thus saving network traffic and minimizing the
number of judgements.

Preferably, the judge’s computer terminals have a
user interface comprising a visual display unit, wherein
the two answers are displayed visually on the wvisual
display wunit, viewable sequentially or on the same
display at the same time or two different visual display
units at the same time. Each answer of the pair of
answers may be made available each in its own window
which may be sized automatically to fit both windows on
one screen, preferably with a “winners” box and a comment
box (viewable by the judge only and not other judges of
the board of judges.

Preferably, the computer terminals comprise a
speaker, wherein said two answers are displayed aurally
from the speaker.

Thus there is no need for a 1list of assessment

objectives to mark against; no need for marks; no
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accuracy problems with the addition of marks to provide
an overall total mark; no dependency on a very limited
number of Examiners (only one previously, a whole board
of Examiners with a system of the present invention);

evidence of markers capability; speed of marking.
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BRIEF DESCRIPTION OF THE FIGURES

For a better understanding of the present invention,
reference will now be made, by way of example, to the
accompanying drawings, in which:

Figure 1 is a block diagram of a system in
accordance with the present invention;

Figure 2 is a flow diagram showing a first set of
steps in a method in accordance with the present
invention;

Figure 3 is a flow diagram of a second set of steps
in a method in accordance with the present invention;

Figure 4 is a flow diagram of a third set of steps
in a method in accordance with the present invention;

Figure 5 is a is a flow diagram of a set of steps in
a method for 1locating misfits in the marking of a
portfolio in accordance with the present invention;

Figure 6 is a is a flow diagram of a set of steps in
a method of using an analysis tool for facilitating the
assessment of assessors in accordance with the present
invention;

Figure 6A is a screenshot showing a coursework
answer on a Judge’'s terminal;

Figure 6B is a screenshot shot of the coursework
answer shown in Figure 6, the Judge having clicked on an
image of the coursework answer to enlarge the imagé;

Figure 7 is a part of a screen shot taken from a
Judge’s terminal;

Figure 8 is a part of a screenshot taken from a
Judge’s terminal, listing judgements to be made;

Figure 9 is a screenshot from a judge’s terminal,
listing decided judgements;

Figure 10 is a screenshot of a window displaying
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notes fields for a judgement;

Figure 11 is a screenshot of a window displaying a
judgement summary;

Figure 12 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 12A is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 13 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 14 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 15 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 16 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 17 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 18 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 19 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 20 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 21 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 22 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 23 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 24 is a screenshot of a window taken from a
principal moderator’s terminal;

Figure 25 is a screenshot of a window taken from a

principal moderator’s terminal, showing graphs depicting
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statistical relevance of ranking of the student’s answer
portfolios;

Figure 26 is a screenshot of a window taken from a
principal moderator’s terminal, showing a table ranking
student’s answers;

Figure 27 is a screenshot of a window taken from a
principal moderator’s terminal, showing a graph used in
ranking student’s answers;

Figure 28 is a screenshot of a window taken from a
principal moderator’s terminal, showing a table
indicating status of judging:;

Figure 29 is a screenshot of a window taken from a
principal moderator’s terminal, showing a table
indicating status of judging;

Figure 30 is a screenshot of a window taken from a
principal moderator’s terminal, showing a table
indicating status of the judges; and

Figure 31 is a flow diagram showing steps in a
method for facilitating even distribution of answer

portfolios amongst the judges.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figure 1, there is shown a block
diagram of a system in accordance with the present
invention. A plurality of students’ terminals 1 are |
located in a classroom 2, one student’s terminal for each
student. An invigilator’s terminal 3 is also preferably
located in the classroom 2, although may be distant from
the classroom 2.

An invigilator sends a question to the students’
terminals 2 from the invigilator’s terminal 3 through an

intranet 4 to which the students’ terminals and
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invigilator’s terminal are connected. The question 5 may
be set by an examining body and sent to the invigilator’s
terminal from an examining body’s file server 6. The
student answers the question. The student’s answer is
referred to herein as his portfolio 7. The students
submit their portfolios 7 directly to a file server 6 of
an examining body. The answer or part of the answer may
be prepared on paper and then scanned using a scanner 8
to create an image file in a format such as tiff, Adode®
or Flash® and saved on to or via the student’s terminal
1. Alternatively, the portfolio 7 could be prepared
directly on to the students’ terminals 1 using programs
such as MAPS™ supplied by the applicant for the present
patent application and may be supplemented by the use of
application software such as Word®, Excel® and
PowerPoint®.

Each portfolio 7 is assigned an identifier 9. A data
package 10 containing a plurality of unique identifiers 9
are selected and sent from the examining body’s file
server 6 to the invigilator’s terminal 3. The invigilator
forwards a unique identifier 9 to each of the students’
terminals for attachment to the student’s portfolio 7.
Each portfolio 7 submitted from the studentfs terminal 1
is sent with the unique identifier 9 to the examining
board’s file server 6 to be assessed. The student submits
a portfolio 7 to be assessed from the student’s terminal
1. The portfolio 7 may be submitted directly over the
internet 13 to the examining body’s file server 6 or via
the invigilator’s terminal 3 to the examining body’s file
server 6.

The invigilator may also send information pertaining
to each student to the examining board’s file server 6 in

information data packets 11 from the invigilator’s
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terminal. The information about each student may help
indicate how able the student is. This information may
comprise previous grades, predicted grades and/or an
indication of relative ability within the class or group
of students. The information data packets 11 are each
assigned the respective unique identifier 9 sent for use
by the student for sending with the student’s portfolio
7. ,

The file server 6 receives a mul_tiplicity of
portfolios 7 with their respective assigned identifier 9
and uses an engine 15 to apply an algorithm to select
pairs of answers 12 to be sent to a particular judge’s
terminal 14 for the judge to make a judgement decision.
Each portfolio 7 of the pair of portfolios 12 is sent
with their respective unique identifier 9. The answers
are displayed on an interface of the judge’s terminal 14,
such as a visual display unit 16 or a speaker 17. The
judge judges which of the answers of the pair of answers
12 is better than the other and sends a judge’s data
packet 18 back to the file server 6 indicative of which
of the answers is the better assessed by judges. The file
server uses the 3judge’s data packet 18 in a further
algorithm to the select a further pair of answers and to
select which judge’s terminal the further pair of answers
is delivered to.

The engine 15 attempts to create a measure of the
quality of the portfolios 7 reviewed. To achieve this
each portfolio 7 is assigned a parameter value. This
parameter value is a number which represents a measure of
probability. The difference between the parameter values
of any two portfolios 7 shows the relative probability
that, when compared, one portfolio will be determined to
be “better” than the other.
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At the start of the process the engine 15 knows
nothing about the portfolios 7. For this reason a
parameter value of all portfolios 7 is initially set to 0
(zero). At the very beginning of the process the only
way to generate the portfolio pairs 12 is to choose them
at random. Alternatively, additional information about
the student’s ability is sent in an additional
information packet 19 from the teacher’s terminal 3. This
additional information may include a rating given by the
teacher on the ability of the student to answer the
question 5, which may be a grading given on a scale of 1
to 5, 1 being very able and 5 being not able. The engine
15 uses this information to create pairs of answers for
the first round of Jjudging, by pairing those with the
same or similar grading. The additional information may
also or alternatively include information on a grade
awarded for a previous question answered by the student,
the engine 15 using this information to create pairs of
answers for the first round of judging, by pairing those
with the same or similar grade.

The engine 15 runs a first algorithm to generate
portfolio pairs 12 randomly, or by using additional
information as set out in the preceding paragraph. The
algorithm makes sure that each portfolio 7 is chosen only
once. Each portfolio pair 12 is sent to a Jjudge’s
terminal 14 for a judge to make a judgement decision as
to which portfolio 7 of the portfolio pair 12 is the
better (“wins”) and which is worse (“loses”) and sends
the judge’s data packet 18 back to the file server 6
indicative of which of the answers is the better assessed
by judge.

At the beginning of the first estimation round the

engine 15 creates a first and second dummy portfolio that
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remain constant throughout all subsequent estimations.
Each portfolio 7 is compared to the first dummy portfolio
and loses the comparison. This 4is the “win-all”
portfolio. Each portfolio 7 1is then compared to the
second dummy portfolio and wins the comparison. This the
“lose-all” portfolio. The parameter value of the win-all
portfolio is fixed at +10. The parameter value of the
lose-all portfolio is fixed at -10.

When each portfolio has one decision against it
(either “win” or “lose”) the first estimation round
begins. At this stage the quality of the information
gathered is quite poor. Some of the comparisons will
have been very straightforward (if a very good portfolio
7 is compared to a very poor one) and some will less
straightforward (if the portfolios 7 are of a similar
standard). Because the level of information gathered at
this stage is so low, performing a full Rasch analysis is
not the most efficient way of proceeding. Instead the
pairs engine processes the portfolios using a “Swiss
Tournament” system.

The Swiss tournament is commonly used in chess
tournaments as an alternative to the more common “knock-
out” system. The winner of each pair of answers 12
receives a point. In following rounds the pairs are
chosen from groups with the same number of points (or
wins) . For example, at the start of round three some
players will have two points (having won two matches)
others will have 1 (won one and lost one) and some will
have zero (lost both).

Operation of the Swiss tournament algorithm 100 is
set out in Figure 2, wherein “spread” value 101 is a
fixed value for the range of the parameter values

(defaults to 2) and “maxwins” 102 is the largest number
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of wins recorded by a portfolio 7 of the multiplicity of
portfolios.
The parameter value for a portfolio ™i” with a

certain number of “wins” is given by:

: 3 5 SR “r\ o

The spread 101 is divided by the largest number of

wins 102 recorded for the portfolios 7 to find an
“increment” 103 for the T“maxwins” portfolio. The
“increment” 103 is multiplied by the number of wins for
each portfolio 7 and half of the spread value 101 is
subtracted therefrom to obtain the parameter value 104
for each portfolio 7. By adopting this method in the
early stages within the engine 15, portfolios 7, each
identified by identifier 9, are compared to other
portfolios 7 with roughly the same level of quality. The
advantage of this approach is that it attempts to
maximise the amount of information available in each
comparison. The parameter value 104 for each portfolio 7
is updated each time the portfolio 7 has gone through
another round of 3judging. The parameter wvalue 7 is
compared against other portfolios which have been through
the same or similar number of rounds to decide on the
next pair of portfolios 12, those having the same or
similar parameter values 104.

At this stage the algorithm run on in the engine 15
is choosing portfolios 7 that have recorded the same
number of wins. The system is also keeping track of
which judge has seen which portfolio 7 and is trying to
balance out the number of times a single piece of work is

reviewed by the same judge. Each judge is assigned a
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unique judge’s terminal 14.

In standard usage, the Swiss tournament approach is
used for the first six estimation rounds (although this
can be adjusted by the system administrator). At the end
of six estimation rounds the portfolios have separated
out into seven groups: no wins; one win; two wins; three
wins; four wins; five wins; six wins).

The main rationale for using Swiss tournament at the
beginning of the process is that it is computationally
much lighter and quickly “primes” the system to a point
where it has progressed quite far from its initial random
state.

The engine 15 generates further portfolio pairs 12
throughout the Swiss tournament rounds in the same way.
Where possible the engine 15 chooses two portfolios 7
that have reached the same score. It attempts to ensure
that all judgements are spread across all portfolios 7
evenly, that is that all portfolios 7 have roughly the
same number of judgements made against them and it also
checks to see how often any single judge has viewed any
particular portfolio 7 in an effort to make sure the
judges see as much of the multiplicity of portfolios as
possible. A flow diagram setting out steps to facilitate
an even use of judges is set out in Figure 31l.

At this point all the portfolios 7 have been
involved in seven comparisons. The generated data
indicates a rough final order of the portfolios 7. Before
the next round, the engine 15 applies a Rasch analysis
algorithm as shown in Figure 3, to the data at the end of
the last Swiss tournament.

Each portfolio 7 is subjected to the Rasch analysis
algorithm, which comprises the steps of checking the
portfolio 7 against all the other portfolios 7 in the
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system. It looks at how many times they were compared
and how many times the current portfolio won and lost.
This data is then used to calculate the “ideal” parameter
value 202 for this portfolio 7. A separate calculation
is then made involving the number of wins and the current
parameter V; value for each portfolio 7. The difference
between these two values is noted and a third calculation
is made to generate an adjustment figure A; for the
current portfolio 7.

The algorithm continues until it has built a page
for every single portfolio 7. At this point it’s reached
the end of chapter one 201.

As will be appreciated from the below description
with reference to Figure 3, at the end of each chapter
the engine 15 goes through and applies an adjustment
figure A to the parameter value for each portfolio 7. As
it does this is makes a note of the square of each of
these adjustment figures. When it’s applied all the
adjustments it calculates the average of the squares of
the adjustment figures and then works out the square root
of this average (or mean), the Root Mean Square. There
is a threshold limit for the root mean square of the
adjustment figures. If the root mean square falls below
a certain threshold then the estimation process stops -
further analysis will make statistically insignificant
changes to the system. This is the first condition that
stops the estimation. Alternatively, if the algorithm
manages to reach the end of chapter 20 it stops. This is
the second condition that stops the estimation. If,
after 20 iterations, the estimation has not completed,
further estimations are unlikely to make any significant
progress towards stability.

The engine 15 now goes back through the pages of
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this chapter and applies an adjustment figure to the
parameter value for each portfolio. Now, armed with the
updated parameter value 204 for each portfolio, it starts
the whole process again with chapter two.

The Rasch algorithm calculates a MAXDELTASHIFT value
205, a CENTRE value 206, a DELTA RMS value 207 and a
DELTA SQUARE value 208, which are all set to zero before
the Rasch algorithm is applied to each portfolio 7 in the
chapter 201.

The parameter value V; is initially set at the
parameter value of a first portfolio (i) from the
previous round, which is initially the parameter value
after the Swiss tournament rounds. Numerator wvalue 210
and denominator wvalue 211 are initially set at zero. The
number of wins for the portfolio (i) is entered as
LITTLE N 212. The number of rounds for the portfolio 7 is
entered as BIG N 213. The parameter value V: of the first
portfolio is entered under VCURRENT 214 and the parameter
value V; of a second portfolio 7 is entered under VOTHER
215. VCURRENT is subtracted from VOTHER to obtain
VDIFFERENCE 216. VDIFFEXP 217 is set to the base of the
natural system of 1logarithms raised to the power of
VDIFFERENCE. VDIFFEXP is divided by one plus VDIFFEXP to
obtain PROBABILITY 218, which is the probability of
portfolio (i) winning or losing against (j). This routine

is expressed by the equation:
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The engine 15 calculates a NUMERATOR value 210 and a
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DENOMINATOR value 211 for each portfolio (i). The
NUMERATOR is set at the sum of the previous NUMERATOR and
the number of wins for the portfolio (i) (LITTLE N 212)
minus the wvalue given by the number of rounds for the
portfolio (i) (BIG N 213) multiplied by the probability
of the (i) winning or losing against (Jj).

This can be expressed by the equation set out below,
where “wins” is the number of times this portfolio won
when compared to the other portfolioc and “comp” is the
number of times this portfolio was compared to the other

portfolio.

R _ }mg AR (:_.z_:smpdi?x prob (g 1)
Fad 3 ) :

The DENOMINATOR is set at the sum of the previous
DENOMINATOR and the value given by the number of rounds
for the portfolio (i) (BIG_ N 213) multiplied by the
probability of the (i) winning or 1losing against (Jj)
multiplied by a value given by one minus the probability.

Torremydt o= X ewnpria O O I R YUY £ TR SR T
denom = L comp  Xjred (1.7 )x {I~prob (1,7 ))

L
.,

The probability for each portfolio is calculated, as
shown in the Figure 3 wusing a loop 220 through the
following process until a stop condition is met. (loop 1)
Start the first chapter.

When the above figures have been calculated the
adjustment figure A; is calculated as shown in the flow
diagram of Figure 3 in box 221 by the negative of the
NUMERATOR divided by the DENOMINATOR.
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The current parameter value is

adjusted by the
calculated A;.

For the full set of portfolios (N) the average of
the new parameter values is calculated as:
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Each new parameter value is then updated to centre
them around 0, as shown in box 222.

crnvdee i

The value of MAX delta is updated to be a record of

the maximum absolute value of A, as shown in box 223.

A Root Mean Square (RMS) of the A values is calculated,

as shown in box 224 and given by the equation:
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The estimation process continues in this way,
building up pages and adding chapters until one of two
conditions is met. This is carried out by performing the
above calculation on each portfolio 7 in a loop and then
checks to see if the MAX delta and the Root Mean Square
of the delta A values, as shown in box 225 both fall
below the threshold wvalues then the figures are stable
and the estimation process stops.

The threshold for MAX delta is preferably 0.01 and
the threshold for root mean square of the delta is
preferably 0.001.

When the full estimation process completes, the
final parameter wvalue adjustments are made and the system
generates the graphical data that is presented to the
system administrators, as shown in Figure 18. Referring
to Figure 4, there is shown a flow diagram showing a
routine for calculating standard error for the
multiplicity of portfolios, using data from each of the
portfolios 7. At the start of the routine, VARIANCE is
set to 0, then a loop for all the porfolios 7 is carried
out using The number of rounds for the current portfolio
7 is entered as BIG N 313. The parameter value V; of the
current portfolio is entered under VCURRENT 314 and the
parameter value V; of a second portfolio 7 is entered
under VOTHER 315. VCURRENT is subtracted from VOTHER to
obtain VDIFFERENCE 316. VDIFFEXP 317 is set to the base
of the natural system of logarithms raised to the power
of VDIFFERENCE. VDIFFEXP is divided by one plus VDIFFEXP
to obtain PROBABILITY 318, which is the probability of
portfolio (i) winning or losing against (3) . A
PROBABILITY ERROR 319 is set at PROBABILITY multiplied by
the sum of one minus the PROBABILITY. VARIANCE 320 is
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calculated as the number of rounds for the current
portfolio 7 (BIG N 213) multiplied by the
PROBABILITY ERROR. When all portfolios 7 have been
processed in the 1loop 321, STANDARD ERROR 322 is
calculated as the inverse of the square root of the
VARIANCE. The above routine can be expressed in the form
of the below equation to calculate standard error for the

graphical display:
i
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If the number of “chapters” reaches the threshold
value (twenty by default) then the figures are considered
to be inherently unstable and the estimation process
stops.

With the Rasch analysis completes, each portfolio
has now been assigned a final parameter value V. These
values range from a maximum of 10 to minimum of -10. A
high parameter value indicates a high quality of work and
a high probability that this portfolio will “win” when
compared to another portfolio. A low parameter value
indicates a low quality of work and a low probability
that this portfolio will “win” a comparison. Portfolios
with a parameter value of 0 (zero) should have a roughly
even chance of winning or losing a comparison.

Having used the Rasch analysis model for the first
time at the end of the 7th estimation round, the
algorithm for choosing the pairs also changes. Now,
instead of grouping portfolios by the number of wins, the

engine 15 compares the parameter values of each portfolio
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7 and tries to find portfolios who’s parameter value V is
roughly 0.7 above or below the current portfolio’s
parameter wvalue V;. The reasons for the apparently
arbitrary figure is that it forces the system to try to
choose the most efficient pairings. From a theoretical
perspective, the greatest amount of information is added
to the system when comparing portfolios with nearly equal
parameter values. This is good in theory but becomes
difficult in practice as these are likely to be hardest
judgements to make. So, by loocking for portfolios where
the difference in the parameter values is roughly 0.7,
this maximises the quality of the information gathered
from each comparison whilst hopefully preventing these
comparisons from becoming unnecessarily hard.

Some of the same rules apply to this updated
algorithm - balance the overall number of judgements,
balance the number of times a portfolio has been seen by
the same judge, try to prevent the same pair being shown
to the same Jjudge. A new feature of this updated
algorithm is the concept of chaining. Chaining is
another method to help make the process easier for the
judges. Chaining simply means that having completed a
comparison between two portfolios, that the next
comparison should contain one of the portfolios 7 from
the previous pair. This means that the judge is only
having to review one portfolio 7 in detail each time and
can more quickly review the details of the other
portfolio that they have already processed.

The judging continues in this way with each new
estimation round being triggered as before, when all the
portfolios have been involved in one more comparison. As
each estimation round is completed the parameter values

for each portfolio 7 can be reviewed as well as the
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summary data for the whole estimation process. Each
round builds on the results of the previous round until a
state of stability is reached. As with the detailed
estimation process, more data will always generate a more
accurate result but in practice the results do reach a
point of stability after which further judgements will
make very little difference to the final figures.

One key feature of the engine 15 and the Rasch
algorithm, is the 1level of quality control it offers
through the generation of mis-fit statistics. As the
system builds up more and more infofmation about the
portfolios and their related parameter values, it becomes
better able to make more accurate predictions about which
portfolio 7 will win from a given pair of portfolios 12.
It is possible, even quite likely, that some portfolios 7
will be harder to judge than others, not necessarily
because the quality of the work is particularly good or
particularly bad but because aspects of the portfolio 7
make it appear more likely to win when compared to some
portfolios 7 and more likely to lose when compared to
others. This may well go against the predicted result
provided by the parameter values V. It’'s also 1likely
that the predictability of the judgements made by the
judges will vary. The engine 15 is based on the idea of
holistic judgement. There are, quite deliberately, no
set criteria for how the judgements should be make, but
the judges have been chosen because of their anticipated
ability to provide a sound professional opinion and the
likelihood that, on balance, that opinion will be shared
by their colleagues. A set of learning objectives may be
useful in the judging, but a full marking schedule is not
required.

For each portfolio 7, the routine set out in Figure
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5 is followed to calculate and display graphically a
representation from which is easily discernable if there
are any portfolios which have lost against portfolios
when they were predicted to have won, i.e. if there is a
mis-fit statistic for a portfolio.

The first step in the routine shown in the flow
diagram in Figure 5 is to set SUM WZ2 and SUM W 401 to
zero, then all of the judgements 402 for this portfolio
is looped through the routine, setting PARAM CURRENT 403
to the current parameter value of the current portfolio
V; and set PARAM OTHER 404 to the parameter of the
compared portfolio V;. Subtracting PARAM CURRENT from
PARAM OTHER to obtain PARAMA DIFF 405. PARAM EXP is set
to the base of natural logarithm raised to the power of
PARAM DIFF. PROBABILITY 407 is calculated by dividing
PARAM EXP by the sum of one plus PARAM EXP. A RESIDUAL
408 is calculated as one minus the PROBABILITY. VARIANCE
409 is calculated as RESIDUAL multiplied by the sum of
one minus RESIDUAL. Z is calculated as RESIDUAL divided
by the square root of the VARIANCE and Z is multiplied by
itself and set as Z2 and then the SUM WZ2 411 value is
set to SUM W22 plus VARIANCE multiplied by Z2. SUM W 412
is set as SUM W plus PROBABILITY multiplied by the sum of
one minus probability. Misfit is calculated as SUM W
divided by SUM WZ2.

For each portfolio there is a set of N judgements
made on the current portfolio as “i” and the portfolio
being compared against as “j”, the above routine is

expressed by the equation:
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With the above figures calculated the final misfit
figure can be determined using the following.
W,-,s
mis fil = ——

For each judge, judgement 18 and portfolio 7 there
is a level of expected “fit”, a predictable result that
confirms the placement of that portfolio 7 in the overall
order. There may be some disagreements between judges
these unexpected results are expressed through the level
of a “mis-fit” statistic. The mis-fit statistic for a
portfolio 7 shows the extent to which it has been
unexpectedly judged a winner or a loser. The mis-fit
statistic for a judge shows the extent to which they have
made judgements that contradicted the expected result
from the parameter values.

The routine set out in Figure 6 is followed to
calculate and display graphically a representation from
which is easily discernable if there are any judges which
are not judging in consistently the same manner as the
other judges i.e. if there is a mis-fit statistic for a
judge.

The first step in the routine shown in the flow
diagram in Figure 6 is to set SUM WZ2, SUM W and SUM K to
zero. All of the judgements 502 made for by this judge
are looped through the routine, setting PARAM WIN 503 to
be the parameter value V; of the winning portfolio and
setting PARAM LOSE 504 to be the parameter value V; of
the losing portfolio. Subtracting PARAM WIN from
PARAM LOSE to obtain PARAMA DIFF 505. PARAM EXP 506 is
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set to the base of natural logarithm raised to the power
of PARAM DIFF. PROBABILITY 507 is calculated by dividing
PARAM EXP by the sum of one plus PARAM EXP. A RESIDUAL
508 is calculated as one minus the PROBABILITY. VARIANCE
509 is calculated as RESIDUAL multiplied by the sum of
one minus RESIDUAL. Z is calculated as RESIDUAL divided
by the square root of the VARIANCE and Z is multiplied by
itself and set as 22 and setting a value for PROB_CUBE
510 as PROBABILITY multiplied by PROBABILITY multiplied
by PROBABILITY. Then setting a value for RESID CUBE 511
as RESIDUAL multiplied by RESIDUAL multiplied by
RESIDUAL. Setting a value for KURTOSIS as VARIANCE 509
multiplied by the sum of PROB CUBE 510 and RESID_ CUBE
511. Then the SUM WZ2 512 value is set to SUM WZ2 plus
VARIANCE multiplied by Z2. SUM W 513 is set as SUM W plus
PROBABILITY multiplied by the sum of one minus
probability. Misfit is calculated as SUM W divided by
SUM WZ2. SUM K 514 is set as Sum K plus KURTOSIS minus
the VARIANCE squared.

WMS 515 is set as SUM W divided by SUM Wz2.

WMS_CUBE 516 is set as the cube root of WMS.

DIVISOR 517 is set as SUMK divided by SUM W then
divided by SUM W.

Q 518 is set as the square root of the DIVISOR.

For each judge there is a set of N judgements with a

W L 5 © prab §\f}‘ x LE = prob :\st J) \}

winning portfolio “i” and a losing portfolio “j”

e m Y heprob S F Y Yeprod (3§ Yol
W padgr Lk Ph-prat it.g 33 proc 35y )

§ 63 L e PR N WU, S
poad \.f (- wob (1.4 } _‘;x;msﬁ LERD

T-prob (8§14

k3

X
. ; Y i - &y '4"~-‘<“1.' “‘:";E ! £ Ve SRR
X s E {-,zm;?; L e bpred {47 ;\m({pmb (6. 3] - {doprob {59 5“3 )) a\pmb fhop yr{t-prek (i f } }
el g -y A R . t E % LR Y J F1 3
[REEE



WO 2010/139975 PCT/GB2010/050865

- 34 -

With the above figures calculated the final misfit figure

can be determined using the following equation:

Savedews
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MISFIT 519 is calculated using he below equation:
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It’s important to stress here that there are no
specifically right or wrong answers and the mis-fit
statistic should be read as being indicative of a general
trend rather than any inherent inaccuracies. What it
does allow though is for the system administrator to
review the health of the judging process and more easily
pinpoint either those judges that may need some extra
guidance or those more unusual or quirky portfolios that
need to be discussed in more detail.

The current engine 15 defaults to a maximum of
twenty rounds. This, along with many other variables,
can be adjusted by the system administrator / principal
moderator when the judging process is being set up. The
system administrator does have the ability to prolong the
judging process if they deem it necessary. They can also



WO 2010/139975 PCT/GB2010/050865

- 35-

nove allocated judgements from one judge to another (for
example if one judge becomes ill or unable to work, their
judgments can be distributed amongst the remaining team).

The final parameter value V for each portfolio 7 may
simply stay be displayed to the student as a position out
of the number of portfolios assessed. Alternatively, each
portfolio 7 is assigned a grade derived from the final
parameter value V, for example the parameter value,
ranging from 10 to -10, may be converted into a more
traditional scores or pass marks, such as 50% for a C,
70% for an A. There are computational tools that can
help with the analysis required to wundertake this
process, but there is no way to computationally complete
the process. This will always require professional
review and discussion in order to agree where the
boundaries should lie. One feature of the pairs engine
that is available to help is the ability to enter a grade
boundary phase. This is where a sub-set of portfolios
and judges is chosen from the full set and further
judgements are then made with those portfolios. The
grade boundary analysis uses the exact same algorithms
for choosing the portfolios and for processing the
estimation round as are used in the main system. This
provides the awarding body with the ability to create
finer levels of distinction between the portfolios that
lie on or near the points where the grade boundaries have
been determined to lie. If seed portfolios have been
included (work of a known quality from previous years)
their location in the order can also be reviewed to give
the awarding body a better sense of where the grade
boundaries should sit. Again, the analysis and
significance of the final location of seed portfolios in

the rank order will rely on professional interpretation
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rather than any automated process.

As previously stated, the engine 15 is part of the
general awarding body computer system. The judges log in
to their accounts and stepping through the comparative
process. As such their usage of the system is relatively
straightforward. They have some 1limited functions to
manage their account information but fundamentally they
just check through the 1list of paired comparisons the
system generates for them.

The second group of users are the administrators,
also known as @principal moderators or examination
officers. These users have a more in-depth role and
utilise many more features of the system. They are the
users that set up, monitor and then analyse the
information generated by the system.

A student preferably prepares his portfolio on a
student’s terminal 1 using a visual interface shown in
Figure 6A. The question 5 is answered in the form of
diary entries in cells 501 to 512. Each cell 501 to 512
is zoomable, as shown in Figure 6B. Text, audio files,
video files and picture files may be placed and viewed
and/or run in each cell. The answer in each cell 501 to
512 makes up a portfolio 7 which is submitted when the
answer is complete. The student may prepare his answer
using an interface produced by the applicants for the
present case and marketed under the trade mark MAPS.

Figure 7 shows a screenshot of a Judge’s terminal
14. The screenshot shows a window 601 on the right hand
side of the screen identifying the judge, to ensure the
judge is correctly logged in. A main window 602 displays
an About Me page and incorporates a list of centres for
which he is a judge. Clicking on the “judgement” tab 603

navigates the judge to a Session History page 6 shown in
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Figure 8, thus accessing the engine 15. A summary of all
their current judgements is shown. A ™“Spec” column 701
displays details an exam specification for the 1listed
session (in general terms the subject it’s related to,
Maths, English, Geography etc.). A “Description” column
702 displays more specific detail given to this session
by a principal moderator. A “Status” column 703 is the
current state of the session: running; paused; or
stopped. A “Last update” column 704 displays a time-stamp
which details the last time any aspect of the session was
changed. A “Global % complete” column 705 displays a
number which represents what percentage of the overall
judgements from all the judges in the session have been
completed. A “My Running total” column 706 gives a more
specific listing of how much work this judge has done in
this session (expressed as a percentage in parenthesis).
An “Action” column displays a link which will either be
“not available” if the session has been stopped or
paused, “go to first judgement” if no comparisons have
yet been made by this judge in this session, “return to
current judgement” if the current comparison is pending
or “start next judgement” if the previous comparison has
been completed. The numbers 708 listed in ™“My Running
total” are also a link to a judgement history page, shown
in Figure 9 for this judge for this session. If no
judgements have been made yet, no link option will be
available. As displayed in Figure 9, the Judgement
History is 1listed in reverse chronological order, the
most recent judgement is shown at the top. The Judgement
History page shows entries in a table with column
headers: “No.” column 801 ‘displaying an identifier 9; a
“start time” column 802 displaying the start time

indicating when the time the pair was generated and first
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viewed; an “end time” column 803 displaying the end time
indicating when the 3judge ended his Jjudgement; a
“duration” column 804 is the difference between these two
times; a comment field 805 for Portfolio A; a comment
field 806 for Portfolio B; a Judgement Notes field for
the judge to view notes about the Jjudgement; and a
“Winner” field. If no winner has yet been decided this
last column is listed as “-- in progress -".

When clicking in the “Action” 1link in the session
history page the judge is taken to the comparison view
for the current judgement. [?7]

A “Comparison” window 900 provides comment boxes for
Portfolios A and B comments to be left by the judge and
the comments to be saved using buttons 903 and 904.
buttons 905 and 906 are provided to select a winner:
Portfolio A; or Portfolio B. A confirmation window (not
shown) is provided to inhibit the judgement from being
submitted in error. Portfolio A and/or Porfolio B are
viewable on a main window (not shown).

Figure 11 shows a judgement summary window 1000,
which displays a table 1001 displaying the winner and
loser and provides a window 1002 for comments on the
judgement and button 1003 for saving the comments.

Figure 12 shows a ‘'screenshot from an
administrator’s terminal 25, which is used by a principal
moderator, showing a table 1100 under a “specs” tab 1101.
The table displays all of the Jjudgement sessions the
principal moderator has control over. A “series” column
1102 displays a list of reference numbers referring to
different judgement sessions. A “start date” column 1103
indicating when the assessments began. A “closing date”
column indicating when the assessments need to be

completed by. An “edit” column 1105 providing a link to
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another screen. A “status” column 1106 providing a 1link
to a status history screen. A “delete” column 1107 to
enable the judgement sessions to be deleted.

A specification table 1110 is provided to 1list
specification title 1111 and options 1112,

Figure 12A shows a table 1150 comprising details and
status of each judgement session, showing: a “judges”
column 1151 indicating how many judges are working on the
judgement session; “portfolios” column 1152 indicating
the number of portfolios being assessed; a “status”
column 1153 indicating status, running, completed; “show
stats” column 1155 displaying number of rounds completed,
number of judgements to be completed before next round
and the overall number of judgements that are expected to
be made and number completed; and an “action” column
showing buttons pause, end and abandon.

Figure 13 shows a table 1200 of judges with a
“Judge” column 1201 displaying the judges names or other
identifier; an “active” control column 1202 allowing the
principal administrator to activate or deactivate a judge
from the judgement session; and a boundary judge control
column 1203. The Principal Moderator refines the overall
result by moving into a Grade Boundary mode. The purpose
of this is to more accurately determine the parameter
values for those portfolios determined to be sitting at
or near the boundary between one grade mark and another.
Because this sub set of answer portfolios is smaller than
the full set it’s likely the full complement of judges
from the main round will not be required. The Principal
Moderator can use the Boundary judge control column 1203
to generate a sub-set of judges to participate in this
phase (should it be deemed necessary to run), which

comprises at least one further round of pairing and
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judging, but only on a limited number of answer
portfolios at or near a grade boundary.

Figure 14 shows a control table 1300 from which the
principal moderator can vary the number of Swiss
tournament rounds in box 1301; the “gap” wvalue 1302 which
is the parameter value difference used in the rounds
subsequent to the Swiss tournament rounds once the Rasch
analysis has been carried out; a “Maxiter” wvalue 1303,
which is the maximum number of iterations or chapters
used in the Rasch analysis; a “Maxcomparisons” field 1304
which is the maximum number of rounds of pairs of
portfolio judgements each portfolio should go through;
and “Mincomparisons” field 1305 which is the minimum
number of rounds of pairs of portfolio judgements each
portfolio should go through. The control table 1300 also
displays a title 1310 for the judgement session and a
status table 1311.

Figures 15, 16 and 17 show sets of statistics
relating to current judgement sessions.

The principal moderator can create a new 5judgement
session, as well as monitor current judgement sessions.

Figure 18 shows two graphs, the top one |is
interactive, the bottom one is a static view of the whole
session. The example shown is taken from a session with
twenty portfolios, a relatively small number. Normally
these graphs to contain data for hundreds of portfolios.

Both graphs list the portfolios in order of their
parameter value from smallest to highest. As outlined
above the values range from a parameter value of a
minimum of -10 to a potential maximum of +10 for each
portfolio. The vertical lines in the lower graph show the
standard error of the sampling for the parameter value

for that portfolio. The same data is displayed in the
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interactive graph. The top section shows the data, the
values display in red when the mouse is moved around the
points - c¢licking on the points take the Principal
Moderator to a screen showing the full details of the
portfolio. The lower section of the interactive graph
shows the full range of the data set and allows the user
to change the width of the area shown in the upper
section. The black circles are “handles” that can be
dragged left and right to broaden or narrow the focus of
the upper section.

Figure 19 shows a window of a screen shot from an
administrator’s terminal showing a judge’s assessment
table 1800, which has a “Judge” column 1801 identifying
the Jjudge and providing a link to a full table of the
judge’s history; a “progress” column 1802 for displaying
the number of completed judgements; an “extra” column
1803 to allow the principal moderator to redistribute the
judgements between the judges; a “misfit” column 1804 for
displaying a figure giving an indication of how the
judge’s judgements agree with those of the other judges:;
and an “active status” control column 1805 to allow the
principal moderator to activate or deactivate a judge.
Figure 20 shows a window requesting confirmation of a
decision by the Principal Moderator to deactivate a
judge.

Figure 22 shows a history page 2100 as viewed from
an administrator’s terminal 25 setting out details of a
particular judge’s judgement history in reverse
chronological order. The details are the same as those
shown in Figure 9 taken from a judge’s terminal. The link
in brackets at the end of each portfolio column 2101
shows a full view of that portfolio. The page also

details the portfolio notes this judge has made for that
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portfolio and any judgement notes they 1left for the
particular judgements. If any judgements are still in the
progress (as in the example above) the 1link to the
portfolio is followed by a small link with the word
“win”. This feature allows the Principal Moderator to
manually make the judgement. This has been included to
only be used in “emergency” scenarios where the judge is
suddenly incapable of accessing the system.

Figure 23 shows a table 2200 displaying: a
“portfolio ID” column 2201 displaying identifier 9 for
each portfolio and a number of comparisons the portfolio
has had; a “learner name” column 2202 for displaying the
student’s name; a “current portfolio Parameter” column
2203 for displaying the portfolio’s current parameter
value; and a “misfit Statistic” column 2204 for
displaying data indicative of agreement of assessment by
the 3Jjudges. The misfit data can be reviewed by the
Principal Moderaotr to enable them to identify any work
that is generating non-consistent results. Clicking on
the link 2210 under the listed “ID” for each portfolio
takes the Principal Moderator to a page showing a more
detailed view of the history for that portfolio.

Figure 24 shows a portfolio judgement history 2300
as viewed from an administrator’s terminal 25, showing
details of the portfolio and all of the portfolios it was
compared to. The a portfolio Jjudgement history 2300
displays: a “Judgement time” column 2301 displaying the
time a judge spent making the particular judgement; a
“Judge” column 2302 displaying the name or other
identifier of the judge; a “1link” column 2303 to provide
a link to the portfolio statistic page; a “parameter”
column 2304 showing the parameter value at the time of

judging for the portfolio ; a “compared to” column 2305
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displaying details of the compared pdrtfolio; a
“parameter” column 2306 showing the parameter value for
the compared portfolio at the time of the judgement; a
“notes” column 2307 displaying the judge’s notes on the
judgement; and a “Winner” column 2308 indicating if the
judge judged the portfolio a winner or loser.

Figure 25 shows graphical representations showing
the statistical significance of the order of the
portfolios as the number of rounds progresses. Graph 2400
shows details of the Rasch analysis for a given number of
iterations or chapters. The lower line uses the centring
figure and the upper line uses the RMS figure.As can be
seen, this shows an unstable situation, as the line
slopes upwardly as more iterations are performed. The
first graph 2401 shows details of the estimation Rasch
analysis proceeding in a more usual stable condition.
Only three iterations are required to fall to a near zero
condition, dropping below the threshold of 0.0l1. Note
that for the first 6 rounds the estimation process graph
will be blank as the engine 15 uses the Swiss tournament.

The second graph 2402 shows the spread of standard
errors, showing that the errors are settled between 0.55
and 0.70. The standard error graph just lists the errors
for each portfolio in numerical order. This graph just
enables the Principal Moderator to get a quick snapshot
of the range of standard errors generated during the
estimation process.

The third graph 2403 shows the spread of parameter
values. The parameter value graph serves a very similar
function to the standard error graph above. The third
graph 2403 shows the parameter values for the portfolios
7 in numerical order. It gives the Principal Moderator a

quick view of the range of the values and the shape of
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the distribution. You would expect to see a roughly
linear view from a potential minimum of -10 to a
potential maximum of +10. The “optimum value” standard
error shown just below the axis is just the statistical
average you would expect from any sample containing this
number of portfolios.

The fourth graph 2404 is a combination of the
previous two graphs and shows the spread of portfoliocs
with their parameter values and a red bar indicating the
standard error for that portfolio. The following are some
examples of the graph detailing the estimation process.

The final graph is a combination of the parameter
and standard error views. It has the same basic shape as
the parameter value graph being as it also lists the
parameter values in numerical order. In this graph the
standard error for each portfolio is also show in the
same scale as a red error bar.

Figure 31 shows steps in a routine for facilitating
distribution of answer portfolios amongst the judges. The
routine begins with setting 2501 a judge, then checking
if the round is a Swiss tournament round or if the round
involves carrying out a Rasch analysis and wusing the
parameter value in the round, as shown in boxes 2502 and
2503 respectively. The next step is to set the chosen
portfolio answer with a value “PORTFOLIOA” 2504, use a
default constant value “GAP” 2508 of preferably 0.7 and
comparing PORTFOLIOA 2504 with all of the other answer
portfolios “PORTFOLIOLIST” 2505 and selecting a group by
the fewest seen by the set judge. Thus us followed by
another check to establish if this is a Swiss Tournament
round and if so, a portfolio answer is picked at random
from “MINIVIEWS”. If the round is not a Swiss Tournament

round, then an “OPTIMUM” is established from the
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MINIVIEWS 2506 using the GAP value between each pair with
the MINIVIEWS 2506 and presenting an array of the answer
portfolios in ascending order for the set judge.

In conclusion, therefore, it is seen that the
present invention and the embodiments disclosed herein
and those covered by the appended claims are well adapted
to carry out the objectives and obtain the ends set
forth. Certain changes can be made in the subject matter
without departing from the spirit and the scope of this
invention. It is realized that changes are possible
within the scope of this invention and it is further
intended that each element or step recited in any of the
following claims is to be understood as referring to the
step 1literally and/or to all equivalent elements or
steps. The following claims are intended to cover the
invention as broadly as legally possible in whatever
form it may be utilized. The invention claimed herein is
new and novel in accordance with 35 U.S.C. § 102 and
satisfies the conditions for patentability in § 102. The
invention claimed herein is not obvious in accordance
with 35 U.S.C. § 103 and satisfies the conditions for
patentability in § 103. This specification and the
claims that follow are in accordance with all of the
requirements of 35 U.S.C. § 112. The inventors may rely
on the Doctrine of Equivalents to determine and assess
the scope of their invention and of the c¢laims that
follow as they may pertain to apparatus not materially
departing from, but outside of, the literal scope of the
invention as set forth in the following claims. All
patents and applications identified herein are

incorporated fully herein for all purposes.
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CLAIMS

1. A method for manipulating data in the assessment of
an answer portfolio, the method comprising the steps of
routing a multiplicity of answer portfolios (7) to a file
server (6), each answer portfolio assigned with an
identifier (9) , the file server (16) having an engine
{(15) running an algorithm, the algorithm sorting the
multiplicity of answer portfolios (7) into pairs of
answer portfolios (12;i,j) using the identifiers (9) and
routing each pair of answer portfolios (12:;i,j) to a
defined judge’s computer terminal (14) of a multiplicity
of judge’s computer terminal, the algorithm comprising
the steps of receiving data (18) from the 3judge’s
computer terminal indicative of which of the answer
portfolios (7,i,j) of the pair of answer portfolios
(12;i,j) wins over the other of the pair of answer
portfolios (12;i,j) the method further comprising the
step of the engine running said algorithm using said
data, the algorithm comprising a Rasch analysis.

2, A method in accordance with Claim 1, wherein said
Rasch analysis checks each answer portfolio (7) against
all other answer portfolios (7) of the multiplicity of
answer portfolios.

3. A method in accordance with Claim 1, wherein a
parameter value (V) 1is calculated for each answer
portfolio (7) and used in the selection of pairs of
portfolio answers (12;i,3).

4, A method in accordance with any preceding claim,
further comprising the step of the engine (15) carrying
out at least three rounds of a Swiss tournament before
the answer portfolio (7) are subjected to said Rasch
analysis and selecting pairs of portfolio answers based

on number of wins.
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5. A method in accordance with Claims 3 and 4, wherein
each portfolio answer is assigned an initial parameter

value (V) calculated using the following equation:

. . spread
i. PR ! RN . W D —
E LS LI NYLS

wherein:

“Wi” is said parmeter value for answer portfolio i;

“wins;» 1is the number of wins for the answer
portfolio i;

“spread” is a fixed wvalue for the range of the
parameter values; and ‘

“maxwins” is the largest number of wins recorded by
an answer portfolio (7) of the multiplicity of answer
portfolios.

and the parameter value (V) used to select pairs of
portfolio answers.

6. A method in accordance with any preceding claim,
wherein the Rasch analysis comprises the step of
calculating a probability (218) of answer portfolio (i)
winning or losing against answer portfolio (j).

7. A method in accordance with Claim 6, wherein the

probability (218) is calculated using the equation:

axp (ﬁ,=v, )
3 k

47

14 oxp (wi»fy_)

7

&

prob (1,7 )=

wherein:

“prob(i,j)” is the probability of (i) winning or
losing against (j);

“Vi” is the parameter value of (i); and

“Vj” is the parameter value of (3j).
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8. A method in accordance with any preceding claim when
dependent on Claim 3, wherein the Rasch analysis
comprises the step of calculating an adjustment figure
(Ai) to adjust the parameter value (V) to calculate on
adjusted parameter value.

9. A method in accordance with Claim 8, wherein the
adjustment figure (A;) is calculated using the equation:

rs
- (?‘mfre. , )
' i

£

|3 HEFFAY,
%

wherein:

“num;” is calculated using the equation:

o

PLAFETE amn g . V' - o 3 TE X 1T " -",,I‘ 2% %
LU d. WS (a‘{)my 53 X prob (¢4 })

3

“denum;" is calculated using the equation:

S S wiresh £4 8 Yoo £ o e £4 4 Y%
denorie s E o X ob (4, 1% ki“ prob (i,] \j

“prob(i,j)” is the probability of (i) winning or losing
against (j):;

“wins;;” is the number of times answer portfolio (i) won
when compared to the other answer portfolio (j); and
“comp(Il,j)” is the number of times answer portfolio (i)
was compared to the other answer portfolio (j).

10. A method in accordance with Claim 8 or 9, wherein
said adjusted parameter value (Vi) is calculated by the

equation:

11. A method in accordance with any of Claims 8, 9 or
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10, wherein the algorithm centres all of the adjusted
parameter values (V) about an average parameter value
(AV) .

12. A method in accordance with Claim 11, wherein the
Rasch analysis comprises the step of centring all of the
adjusted parameter values (V) about an average parameter
value (AV) using the equations:

X

= )
§~"' B T er—
N

wherein (N) is the number of portfolio answers in

3

eentre
the multiplicity of portfolio answers; and

13. A method in accordance with any of Claims 8 to 12,
wherein the algorithm calculates a Root Mean Square (RMS)
value of the adjustment figures (A,) wusing the below

equation:

and the algorithm checking the Root Mean Square (RMS)
value of the adjustment figure (A) relative to a
threshold.

14. A method as claimed in Claim 13, wherein the Rasch
analysis stops when the Root Mean Square (RMS) value of
the adjustment figure (A) is below said threshold.

15. A method in accordance with any preceding claim,
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wherein pairs of portfolio answers (12;i,3j) are selected
after the Rasch analysis by selecting portfolio answers
which have a parameter value difference of between 1.0
and 0.5, and preferably by 0.8 and 0.6 and most
preferably by 0.7.

16. A method in accordance with any preceding claim,
wherein each portfolio answer forms part of between five
and thirty and preferably between twelve and twenty pairs
of portfolio answers (12:;i,j) to be judged.

17. A method as claimed in any preceding claim
dependent on claim 3, wherein the parameter wvalue for
each of the multiplicity of portfolio answers is shown on
a graph.

18. A method in accordance with Claim 17, wherein a
standard error is calculated for each portfolio answer
and displaying the standard error on the graph.

19. A method in accordance with Claim 7 , wherein the
engine (15) carries out the step of calculating a misfit
value for each of the portfolio answers, the misfit value

calculated by the equations:

f:%;é = E prob (4.4 1x { Teprob (i \:}

Ji3F3

Topral (4,4}

a -~ 2 oA . i .k
W = ) (E probe (3.7 jx prod (3.6 1% = :
b Rl N § i N PR S [
L 1 ¢ {3.-;}:‘-@!} [ ed ) ek {47}
W
. 4y 3
s s ——

Ny
20. A method in accordance with Claim 19, wherein the

mis-fit value is displayed graphically. [Preferably on a

graph, with one axis showing the mis-fit value and the



WO 2010/139975 PCT/GB2010/050865

- 51 -

other the name of the student.]

21. A method in accordance with Claim 7, wherein the
engine (15) executes an judgement algorithm to assess
quality of the judges by comparing results a judges
judgments with the judgements of at least a portion of
judgements made by other judges.

22, A method in accordance with Claim 21, wherein the
judgement algorithm calculates a misfit wvalue calculated

using the following equations:

s fit
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23. A method in accordance with any preceding claim,
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wherein a student’s computer terminal (1) is connected to
the internet (13), the portfolio answer (7) submitted and
sent to the file server (16) over the internet.

24. A method in accordance with any of Claims 1 to 22,
wherein said portfolio answer (7) is sent to an
invigilator’s computer (3) for submission to the file
server (16).

25. A method in accordance with any preceding Claim,
wherein the multiplicity of examination answers (7) are
each prepared and sent to said file server (16) from a
student’s computer terminal.

26. A method in accordance with any preceding claim,
wherein the data is sent from the Jjudge’s computer
terminals (1l4) to the file server (16) over the internet
(13).

27. A method in accordance with any preceding claim,
further comprises the step of transmitting forecast data
to the file server, the forecast data providing
information on a forecast grade for the candidate a first
set of a plurality of pairs of identifiers is formulated
before the first round of Swiss tournament

28. A system for manipulating data in the assessment of
examination answers, the system comprising a file server
(16), examination answers (7) in the form of data routed
from a multiplicity of computer terminals, each
examination answer (7) assigned with an identifier (9),
the file server (16) having an engine (15) running an
algorithm, the algorithm sorting the multiplicity of
examination answers (7) into pairs of examination answers
(12) using the identifiers (9) and routing each pair of
examination answers (12) to a defined judge’s computer
terminal (14) of a multiplicity of Jjudge’s computer

terminals, the algorithm comprising the steps of
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receiving data (18) from the judge’s computer terminal
indicating which of the examination answers (7) of the
pair of answer portfolios (12) wins over the other of the
pair of answer portfolios (12), the system using the data
in said algorithm, the algorithm comprising a Rasch

analysis.
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900
more details and actions for this judgement ‘ x
Comparison Info
here is where you can add notes about each portfolio
02
This is also where you decide which is the winner 901 9
Portiolo A Portfoiio B /
__ SAVENOTES o) (__SAVENOTES o)
Select Winner N 304
PORTFOLIOAIS THE WINNER __@) (_ PORTFOLIO B IS THE WINNER o)

Flg 10 1080

more details and actions for this judgement

Judgement summary
Portfolio Notes Status
A Loser
- TT— [\ 1001

Judgement confirmed - add some notes about the decision making process (optional)

| thought the design of portfolic A was
graphically well executed (heartbroach) [\ 1002
but there was clearly more evidence of
design thought in porifolio b (pill stick)

SAVE NOTES AND CONTINUE ®~_ 1003

Fig. 11
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22 moderators | @ centres | [] specs | 812 judgement | log-out

1101

Series 1103 1104 11001105 1106 1107
1102 Add o Seres / /
Series Start Date Closing Date | Edit Status Delete
086G | 20/07/200810:05 | 29/01/2008 10:05 | Edit | CurentlyActive 1112
. 1110 1111
Specifications s
Spec Title Spec Oplions
escape phase 3, Design and Technology Set Submission Dates Download Usage | esc p3 dt judgement sessions
escape phase 3, English Set Submission Dates Download Usage esc p3 eng judgement sessions
escape phase 3, Geography Set Submission Dates Download Usage £5¢ p3 go judgement sessions
lescape phase 3, Science Set Submission Dates Download Usage esc p3 sc judgement sessions
Fig. 12
1152 1153 1154 1150 1155 1156
“51\ mswlianTest P et /
Judges | Portfolios | Status |  Lastupdate Show stats Action
Qrounds complgte
6 | o || i and 120
judgements complete {0.5%) J ABANDON®
Running
e-scape in South Africa - Jan 09
Judges | Portfolios | Status {  Lastupdate Show stats Action
3rounds comple_te
& A funning '103$th gjg esﬁmaﬁgr? chlzjudgg ggr:fs;;)r(‘)";l?de;éments
complete (40%) parameter graph  |ABANDONE®,
Running
clevedon student trail
Judges | Portfolios | Status |  Lastupdate Show stats Action
16rounds complete - START
15 ' 2 o OW '19th Qec - 7 judgemenits ur?til next
08 10:26 estimation round 163 of 200 judgements ABANDON®
complete (81.5%) parameter graph
Stopped

click here to make session inactive
main phase 3 design and technology judging session

Fig. 12A
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Boundary Judge

festiudge judge

401 judge

dt02 judge

4173 judge

at09 judge

3104 judge

dtiT judge

a5 Judge

dt08 judge

3105 judge

dt02 judge

a7 judge

d22 judge

di23 judge

di?4 judge

Dunnunmumnmmmmmmg

425 judge

oo@@a@ooooao oo oo o

i UPDATE JUDGE LIST )

Fig. 13

( escape phase 3, Design and Technology ™~ 1310

1311

becta tria - december 08 Pl

Judges | Portolios | Status |  Lastupdale Show stats

Action

24th Mar 0 rounds complete

% . 20 | building 000946

~ 10 judgements until next estimation
round 0 of 200 judgements complete (0%)

Building
Add Judges and Portfolios {o the Session.
Click "Ready” when the session is ready to Start,
The current session will require a total of 200 judgements - approx. 20 per judge

Adjust estimation variables (if unsure, do not amend) 1303
maier 1" 10
 choosegap T —

~ swisscount I~ 1301

maxcomparisons
minrequired

. (CUPDATE ESTIMATION VARIABLES D) 1305

oo Fig. 14
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escape phase 3, Design and Technology
becta trial - december 08

" Judges | Porffolios I Status Last update Show stats
A 0 rounds complete
10 2 ready % 19?;7 ~ 10 judgements until next estimation
' round 0 of 200 judgements complete (0%)

Ready
Do a final check of your details before commitiing fo “start’
The current session will require a total of 200 judgements - approx. 20'per judge

Fig. 15

—_—
Show stats

1 round complete
~8 judgements until next estimation round
12 of 200 judgements complete (6%)

parameler graph F |g 1 6
Sowss |

16 rounds complete
~T judgements unfif next estimation round
163 of 200 judgements complete (81,5%)
parameter graph

1

Fig. 17
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afi03_782 ¢l09_788 ds02_80 a7_791
A
parameter values
Parameter value error plot
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Judge (click for history) Progress Exira Misfit figure Active status
dt01 judge 0 of ~20 (0%) 0 wins= [“[De-achivate]
, wms=0.2477825640158 : :
109 judge 0of-200%) | 0 wns=_
. wms=0.36787944117144 X
dt08 judge 0of ~20 (0%) 0 wims=
Fig. 19
The page at http://escape.maps-ict.com B ®)
Are you sure you want {o de-activate this judge?
ok ][ cancel |
Fig. 20
. wms=0.2477825640158 | s
dt02 judge 3of~20(15%) | B—Jkleancel | " o onigeagt | ARe-cvad
dt01 judge Oof~15(0% | 5 wms=
. ' ' ' " wms=0 2471825640158 :
02 judge 30f ~25(12%) 5 1.2443400168381 De-activate
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Ne: time | time | (hours:mins:secs| Portfolio A Portfolio B noles Winner
9| rj:ﬁm':g Ble pot it s lought trough .
001|Dec'08|Dec'08} - in progress - colouriul. itisnt easily cam‘ed _ progress
1149 | 1149 (813-316)-win (808 - bb04) - win \
Pentagon Pot The shape has] N\
. | changed from the original
’?:,?td;: 2::“%%5 design and it is practical for th \”2101
191 19 easily Some elderty although i think you
002 |Dec'08(Dec’08] - 00:11:14 aspects thought should be able to carry it. Not ficgh | Portoli
1:38 | 11:49 about complstely finished though A
(620-ds04)- | &SOme atiempt was made at
designing th full prototype.
(807 - bb12)
0119 Khdkhsd Kidskid -
003 |Dec'08]Dec'08)  00:10:24 891~ ds0? ¥ J Kkl | Portfolio
117 | 138 fi21- sl (604 - adtd A
Bearlt"was.sun
9]0 forét:lay:zu%zgce Pot for Kids Not practical Portfolio
1:48 | 11:27 it can be carried (809 - cl09)
(814 - cq04)
19119 ajhkjki Design ) ,
005 |Dec 08[Dec08]  ppasoy | isincomplte Iiideg ifjokgj | Portoio
1:06 | 11:18 e (805 - ad01) (811-cl03) B
2201 2202 2203 2200 //2204 Flg. 22
Portfolio ID Leamner Current Portfoiio . . ‘
(click for history) name Parameter Mist statistc
9 slring(17) "sigk:: 0.0593272" string(15) "sigw::
N— 781 .
19 comparisons ad05 student -2.1759 0.i%4=519’5m=rilAN
Ve 782 string(17) “sigk:: -0.0251594" string(15) “sigw::
2210 17 comparisons ad03 student -1.60089 O.mZ‘};:!;lAN
78 SEng(TT) Sk 0 0503277 Suig(15) "Sigw
18 comparisons ad04 student -1.88408 O.iﬁ?bsqlAN
74 ‘ : string(17) “sigk:: -0.0557569" string(15) “sigw::
13 comparisons ad01 student A.7077 Oiﬁ?}b:’}m
785 -1.819950419109
17 compansons bb08 student 0.680281 Ub=1, Ib=1
786 string(17) "sigk:: -0.0523462" string{15) *sigw:;
1500 %;ﬂs ons bb12 student 190233 0.t8b0:1l41|b:r11AN
-1.0988917338381
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2301 \
Judﬁemrgent Judge Link Parameter Comparedio | Parameter Notes Winner?
ad05 student(781)
ot o ad03 student{762)
has been Box good model,
) lack of development, Ais a better as it
- changed to suit ; K a betier as
SNov 08| gi03 2 et | 150688 technical canbe adapted | v
123 the targe 4| AR ES
| ge ) o gence bt it Canbe caried, | ™ for difierent
has varied lite. It boxytso |mp':a<t:tlcal peaple
was thought 0 Use. NO
outnct fully developed.
ad05 student{781)
Only onhe idea,
- virtually n?,l ad03 student(782)
SthNov's | . growing olit doesnt AR Bwasa NO
i3 |1wdge| wasnttying . 1.56688 develope trough better design
didnt develope it fhe corse
trough drawings
or pictures.
this is a very good
design and is very
well thought out, it
has a good
ad05 student(781) ad04 student(783) principle as a pill
51911:1?)2\11'08 3304 tisisa hox this is more 128464 | boxialsochose | ng
: JVOG€ | with a tray that | -1.20945 developed his because it
slides out than the other one seems more
devoupled
compared to the
other ane.
ad05 student(781) ad01 student(784)
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Full portfolio order and details for round 16
No.| Portfolio| Parameter gﬁ‘r misfit Mare Details
judgement history
15t|as0a 99| 18614 | 0691614 wms=1.2005489670764 rank order
-1.3446200603374 history
) T judgement history
7 1.73752 ) wms=0. rank order
Id | co04. T8 173752 | 0613728 0AT2TSTOGTSA history
wms=0.96397412605853 judgement history
. history
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Australian Test
Judges | Portfolios | Status | Last update Show stats Action
(ST ®)

0 rounds complete ( DT ®)
1 20 | paused | 6thApr0913:23 =8 judgements until next estimation round

1 of 200 judgements complete (0.5%) GRADE BOUNDARY ©
(__ABANDON @)

Paused|

Fig. 28

Australian Test

Judges | Podfolios | Status Last update Shaw stats
0 rounds complete
0 0 boundary | 6th Apr 09 13:31 | ~9judgements unti next estimation round
1 of 200 judgements complete {0.5%)

Boundary

click here to move session in to "boundary” mode

Adjust estimation variables (if unsure, do not.amend)

boundarymaxiler [ ]
boundarychoosegap 1y ——
boundarymaxcomparisons B

boundaryminrequired

1
(CUPDATE ESTIMATION VARIABLES ®)
Fig. 29
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START set JUDGE to be the current
judge making the comparison \
2501 2502
2503 NO check iftis s YES /
th if
—— r@ sort through all portfolios and

amange into gfoups b
select the portfolio which was listed ange nto groups by mte of

. urn comparisons
as portolio "8 2504 look t the group with the smallest
number of comparisons
choose one at random
] sel the varizble PORTFOLIOA o the hiosen portolio 1—,
¥
set value of PORTAPARAM to the current parameter value of PORTFOLIOA
2508 v
‘\—{ set GAP to the pre-defined constant (0.7 by defaut) |

set PORTFOLIOLIST to be the full st of portfolios excluding PORTFOLIOA )‘\ 2505
'3

( set MINCOMPARISONS by sorting through PORTFOLIOLIST and amanging it into j

groups by the number of comparisons listed against each
portiolio and then selecting the groups with the lowast number of comparisons

T
set MINVIEWS by sorting through MINCOMPARISONS and selecting the portfolios that have J

been seen the fewest number of times by the current JUDGE

NO check if this is YES
swiss toumnament
\/ cho0se a
2506 2506 portfatio from

MINVIEWS
at randol

| set PORTBPARAM to be the current parameter value for the selected portolo |

set PORTFOLIOB as
the chasen portiolio

NO [set OPTIMUM to be the absolute value of PORTAPARAM -PORTBPARAM - GAﬂ

L add details for curvent portfolio and OPTIMUM info OPTIMUMARRAY |

- ave sort OPTIMUMARRAY in ascer-
4l ortols in MINVIEW ding order by the coresponding
heen checked values of OPTIMUM |
Y STOP
. set PORTFOLIOB as set currant compatison
Fig. 31 te fst portoio n OPTIMUMARRAY between PORTFOLIOA and
) PORTFOLIOB
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