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Abstract
In UK Higher Education, examiners are placed in a privileged position, able to apply adjustments to grades and confer awards
in line with institutional regulations. Most frequently, examiners utilise dense tabulations of marks that blend into one another.
This paper proposes an objective visual approach and prototype system. This system can be used to chart students’ journeys
through their programme and visually reason about their performance. We also present the favourable evaluation when it was
trialled within the School of Computer Science at Bangor University.

CCS Concepts
•Human-centered computing → Visualization systems and tools; •Applied computing → Education;

1. Introduction

Almost all academic assessment relies on the subjective
judgements of the educator; there are, however, notable exceptions
such as in mathematics. Educators constantly strive to reduce the
impact of this necessary evil. They employ rubrics, mark schemes,
multiple-choice assessment, and other mechanisms in the pursuit
of a objective individual grade for each student [CMM03].This
process, while potentially time consuming, can work on an
individual assessment or module basis. As students progress
further through their programmes, more and more subjectivity
creeps in [Blo09]. In UK Higher Education (HE), examiners
are granted broad powers to make necessary adjustments when
making progression (end-of-year) and award (end-of-programme)
mark confirmations [Bro04]. These adjustments are indented to
provide a balance to mitigate exceptional circumstances, such as
pastoral crises or missteps during delivery or assessment. Each HE
institution has their own particular regulations, practices, customs,
and methods when considering final grades, adjustments and award
outcomes.

Administrators will diligently produce pages of
spreadsheets/tables containing each students marks for that
academic period for the examiners. As the number of students,
programmes, modules, and combinations expand, so do
these reports. Absorbing this information, combining it with
any exceptional circumstances, then applying all relevant
regulations [Sto04] can place a large burden on the examiners.

Visually, extensive tables of similar data do little to aid the
viewer to distinguish rows and columns. This a recognised problem
in the Information Visualisation field, with solutions already
proposed [RC94]. Banding, division lines, colours, or more exotic
methods add emphasis to assist the reader, but fundamentally

they are left to interpret the data on their own. These measures
are possible but often lack these elements due to printing costs
(these reports are usually printed as low resolution black and
white) or lack of support for the features within the software used.
Where these tools are available, the support for visualisations are
limited to simple charts [BBPM∗96]. Furthermore, any commercial
offering would certainly lack the customisation needed to encode
all nuances of the institutional environment, regulations, etc.

Without any systemic support from tools, each examiner must
follow a similar process; assimilate the data being presented, reason
around it, apply (sometimes abstract) regulations, to arrive at a
final grade. While disagreement, with correct intent, is healthy;
this individual process will vary in focus, effort, and conviction
[YBW00]. In addition, to fully consider any students’ effort,
examiners may need to refer to the full set of courses/modules
rather than just those in the final year. The assembled quorum of
examiners rely on a limited form of crowdsourcing to smooth out
individual variances to arrive at a robust decision [CLT14].

This paper sets out a prototype design and method for a system
to support examiners when making adjustments and/or confirming
grades. The system does not merely need to show the current state
of affairs, but also offer guidance and advice to the examiners.
This will require building in institutional regulations, departmental
policy, and local customs. While this intelligence will limit the
applicability of the prototype, the method and design should be
abstract enough to transfer.

2. Related Work

Coffrin [CCdBK14] et al. have previously suggested a process for
showing engagement/performance using a hybrid Sankey/Stream
band chart. This system looks at the raw data in isolation,
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making the comparison among students easier. As a result, it does
not compare outcomes to standards expected by the institution.
Wortman and Rheingans examine trends within a programme using
a more traditional node-graph structure [WR07]. Their efforts look
at student movement among groups to deduce reasons for poor
student retention. Mazza and Dimitrova [MD04] examine tracking
data across time rather than as discrete events. This approach is
closer to the goals of this work.

Implementing visualisations is not new within the
Learning Analytics field. There are dashboards [VDK∗13],
organisational visualisations [LPdlFV∗12], activity, and path
visualisations [FBE∗13]. However these efforts focus on
describing the current state, rather than assisting with the
summative awarding/progression decisions. Periodic reviews
of the state of learning analytics [BV17, SRTV∗17, BKA∗18]
find that the questions being asked of analytics systems do not
lend themselves to more advanced visualisation or interaction
techniques.

There is a move toward progress tracking within Learning
Analytics applications. Examples include Mastery Grids created
by Loboda et al. [LGHB14], and Study Paths created by Busler
and Semmler [BS17]. Most visualisation still remains basic,
using bar charts to show achievement [Duv11] on an assessment-
by-assessment basis. A University of Tennessee student proposed
in their thesis [DeC14] a method of tying some elements of a course
and student data together. DeCotes’ method, however, focuses on
unifying student cohorts rather than individual achievement.

Visualisations of temporal analyses is not a new concept. The
literature shows a wealth of applications from medical to policing.
The applications build on the same foundation knowledge, the
basic techniques that can be exploited to show relationships in time
and with time. The classic example is the Time line [HOB94].
This method is intuitive and follows human narrative idioms
of time being a single straight line coming from the past and
into the future. Dassi, Nagay, and Fauvet created a taxonomy to
collect and describe various other methods exclusively dealing with
temporal data [DNF05]. This builds upon Schniderman’s work,
‘The eyes have it’, which takes the type of data (rather than type
of visualisation) as the primary construct [Shn03].

While the focus of this work is primarily graphical, presenting
the outcome from an analytic process; it is important to keep sight
of the ultimate goal. There are significant issues when examining
education on a temporal basis [CKW18]. Designers and users alike
need to have a keen understanding of how time fundamentally
affects activity in the population measured. This is why in most
learning analytics studies, the effect of time is obfuscated or
ignored. There have been proposals to model these effects correctly
[MME∗18]. As the level of analytic tools available remains quite
small, the impact of these models is also small.

3. Design Constraints

Following a consultation with select staff within the School
of Computer Science and Bangor, mixed with the authors
own experiences of Boards of Examiners; the following design

constraints were defined. These are the set of initial criteria, and
can be further refined where necessary.

There are two main events this visualisation/system has to
support. The first is known as the ‘Progression Board’ meeting.
This meeting is a formal meeting of all teaching staff responsible
for awarding marks to students in all but the final year of their
programmes. The function of this board is to confirm the marks
awarded, and check that each student has met the institutional
requirements to progress to the next stage of their studies. The
second is the ‘Final Award Board of Examiners’. In this meeting,
academics involved at any stage of the programme confirm
grades and confer awards. This meeting is where the majority of
regulations are examined against each student case. At both of these
meetings, abbreviated details of the exceptional circumstances are
presented. Usually this is a severity grading and the time period the
situation spanned. In addition, examiners would need to be able to
recall historical performance to judge whether adjustments would
be required.

In both cases there will be a significant number of students
to review and pass judgement on. This necessitates a symbolic,
obvious and intuitive display, enabling examiners to make quick
initial judgements. However, in more difficult cases the full set
of results must be easy to access to facilitate further discussion.
Additionally, the manner in which student data is organised
becomes more important the larger the cohort population becomes.
Examiners will need to be able to select groups of students to deal
with in addition to singling out individuals.

The level of detail will also need to be split; between an overview
for high level consideration, and a full-detail view when required.
As any discussion could be fast and free-flowing, the switch
between the two would need to be as efficient as possible. As most
of the detail will lose some of its meaning without the overall
context, the overview should still be visible when examining sets
of the detail.

4. Initial Design Ideas

The system was broken into three distinct pieces to aid the
design process. An overview view, a detail view, and a regulation
view. The regulation view is an extra aid for examiners to see
and apply the relevant regulations without needing to resort to
the documentation and manual calculations. All of our decisions
are based on commonly held best practices, derived from case
studies in Information Visualisation and Scientific Visualisation
texts [Ber83, Few12, McC12, Mei13, Yau11].

4.1. Overview View

This view is intended to show the student’s entire programme
and progression within that programme. Therefore the overriding
element is time. In this view, the design choices will be restricted
to chart and visualisation types appropriate for temporal data. With
a temporal view, time usually occupies the categorical (horizontal)
axis. The vertical or value axis would then display whichever
summary statistic is chosen.

The most appropriate summary statistic would be the student’s

submitted to EUROGRAPHICS 2018.



C. C. Gray & D. Perkins / Visualising the Student Journey 3

average grade during that period of time. Marks, whether using
some categorical form or percentages, are discrete data points.
Therefore a time-based view would be an aggregated discrete data
point. This limits the choice of visualisation further; to column/bar
charts, time lines, and heat maps. These choices are the more
‘correct’ visualisations, however the aggregation aspect allows us
to infer connections between the categories. This also permits the
use of stream graphs, area (and stacked area) charts, and spiral
plots.

Our initial design (see Figure 1) utilises a stream graph, where
the stream colouring changed width and colour based on the
classification of the average grade at the end of a chosen academic
year.

Figure 1: Initial concept art for the Overview view. This is an
example of a stream graph, showing the classification of the
student’s average on the vertical axis (labelled with the numeric
form) and semester/year marks along the horizontal axis.

While visually more appealing, the stream graph essentially
duplicates the same scale on the below centre axis, wasting the
space. As a result, the view was revised to a simple area chart but
keeping the interpolated curve between the data points. The revised
concept is shown in Figure 2.

Figure 2: A revised version of the Overview view using a standard
area chart. The colour of the area (in its entirety) would change
colour based on the ending classification value.

4.2. Regulation View

The Regulation View is concerned with the number of credits
achieved by the student. There are three categories (under most
UK HE rules); Above Pass (≥40%), Condonable (30-39%), and

Figure 3: Initial concept art for the Detail View. The module
header (filled blue block) is scaled by module credit weighting. The
width of the module block shows duration. The coloured (green,
red, or amber) section is proportional to student grade. Green fill
indicates the student has passed, and red indicates failure. The
amber indicates the Board of Examiners may wish to discuss the
case.

Fail (<30%). For this reason, there is no other logical choice than
a simple column chart. We have chosen to use two bars, one for
Above Pass (using a green colour) and the other for Fail (coloured
red). We have added the threshold levels as dashed horizontal
threshold lines for extra visual reference. The final design did not
alter from the initial concept, as the test subjects were able to reason
with the chart correctly (see Figure 6.)

4.3. Detail View

Designing the Detail View presented a challenge, due to the number
of differing dimensions that needed to be presented simultaneously.
Even within one academic year, there are n modules spread across
two semesters. Each module has a credit weighting and a duration.
It is customary that 10 credit modules usually last one semester,
and 20 credits span both. However, this is not always the case. In
addition, each module will have a score/grade associated for the
student. In a two-dimensional medium, there are not enough spatial
domains to represent each element on its own axis. We re-examined
Bertin’s Visual/Retinal variables [Ber83] for inspiration.

The initial idea utilises the two spatial dimensions for time and
credit worth. The score is then added using colour fill, forming a
gauge for each module. Figure 3 shows the original version, formed
in rectangular blocks.

5. Final Design

The major alterations were to the Overview and Detail views.
Figure 4 shows and enlarged section of the Overview. The raw
values are presented as a column chart, with a curve of best fit area
superimposed on top. This gives examiners the best of both worlds,
explaining where gains and losses are made in time.

The Detail View was swapped to use a Sankey diagram as the
base, as the rectangle grid based version implied more connection
between modules than intended and in busy programmes became
cramped. Figure 5 shows the revised version. In order to more
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Figure 4: Enlarged portion of the final Overview view. This shows
the classifications for Semester 5 and 6, as well as the final degree
of a fictitious student.

closely implement Bangor’s institutional regulations, the final
version includes five achievement colours. Green represents a clear
pass, gold (as pictured for ICP-3036 and IED-3064) indicate a
condonable fail, and red a clear fail. A bright yellow, and orange
colour indicates a score within a 2% borderline of a pass and
condonable fail respectively. These cases should be considered by
the board for potential raising.

Figure 6 shows the Regulation View. This simple column chart
gives examiners an at-a-glance view of the potential eligibility of
each student to pass a level or enter the supplementary work phase.

An anonymous, static version of this tool can be found at
https://research.shadowraider.com/journey.

6. Evaluation

A preliminary evaluation was completed using the standard
System Usability Scale (SUS) [B∗96]. A total of 16 examiners,
familiar with the institutions practices but not all regulations, were
surveyed. This specific form of questions, using a Likert scale
arrives at a score out of 40, but is commonly multiplied by 2.5
to achieve a score out of 100, but is not a percentage. Subsequent
testing of the scale (using over 500 trials) has established that the
average score is 68 [Sau11].

The Student Journey visualisation scored an average of
79.65 / 100 on the SUS. This score places it on the Good/Excellent
boundary [BKM08]. The cut off for excellent is 80 / 100.
Examining those results ranking the tool below average (n = 5),
the average score was 63 / 100. This places the tool in the marginal
section of the scale.

Respondents were also given the opportunity to provide
free-form comments. Most of the negative-leaning remarks were
request for additional training/materials rather than suggestions or
complaints. One positive comment states that this tool was able to
show the situation with a student which matched, almost exactly,
examiners intuitions.

7. Conclusion

We have shown a possible objective visual aid can be produced, to
assist examiners when making decisions on student performance.
This prototype tool has proven usable, and popular with those
evaluating it in the pilot study. A wider study will be needed

to ensure the tool meets or can meet the needs of a wider
audience. The visuals produce appear to correlate well with
intuitive impression of students held by the examiners. This work
provides a sound foundation to produce further enhancements and
associated work.
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Figure 5: The revised Detail view using a Sankey diagram as the base visualisation. The colours represent pass, condoned fail, and failure.
The exact scores are added as text for clarity. The source (left) blue blocks are scaled by the credit weighting of the module. The grey bars
are to show the boundary of the achievement gauges.

Figure 6: The Regulation View, comprising two column charts. The
green column (left) shows the number of credits achieved above the
pass mark. The red column (right) shows the number achieved at a
fail level. The two marker lines show the pass and supplementary
work eligiblility points.
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