Chapter 6:

Prototype
Test 2 (soc)

In this second evaluation study, a different information
graphic is tested. This illustrates how the methods used
in Chapter 5 can be adapted to a different situation, and
how such evaluation studies must vary to test different
information graphics. The graphic tested here was
designed to show the dynamics of a cost-effectiveness
model, which is a fundamentally different task to
displaying systematic review data. This graphic is also
designed to present data that does not typically already
appear in hta reports, meaning that there is not a direct
comparator for a randomised study.
The test was carried out on an information graphic
previously presented in Chapter 4.2.5 (the initial
specification) and 4.3.3 (development to real data stage).
The graphic came to be known as ‘SOC’ for ‘state
occupancy chart’.
The purpose of this graphic is to show relevant outputs
of a mathematical ‘Markov’ model used to represent
treatment alternatives. It provides a way of showing
at what time, and in which model states, costs and
benefits of treatment would occur in the model. This is
potentially valuable because Markov-type modelling is
commonly used for the technology assessment reports
commissioned for nice in the uk (Mauskopf 2007). The
graphical technique is designed to show decision-makers
why, for example, an icer value is high, which people
in the model incur costs, and at what time they tend to
happen. This fulfils one of the particularly commonly
mentioned needs of decision-makers in the nice appraisal
process in Chapter 3.2: ‘dis-aggregation’ of the icer.
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6.1 Introduction
This chapter details a second study used to evaluate a graphical presentation
technique. However, this technique was not suitable for the same kind of
comparative study as in the previous chapter. Instead, it provided a way of
showing data that is not often included in reports. For this reason, a second
type of study is proposed, as shown in the hta process model in Figure 6.1 – 1.
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Figure 6.1 – 1

The phase of the proposed design process detailed in Chapter 6

6.1.1 Data used
The data used in the information graphic came from a nice review coordinated
by the pentag assessment group (Garside et al. 2007). This review was chosen
for a number of reasons. Firstly because it was a simple model, with relatively
few health states, and hence easy to represent. Secondly, the designer had
access to the raw data needed to calculate the occupancy of individual states at
different time points in the model, and the costs and qalys accrued over time.
This data is not generally presented in reports, so the original spreadsheets
used in the modelling work were required, to calculate all the values needed for
the information graphic.
The report looked at treatments for newly-diagnosed high-grade glioma (a
form of brain tumour). It was an mta report*, which considered two possible
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*A ‘multiple
technology
assessment’, in
which two or
more different
interventions are
compared.

treatments: a drug called Temozolomide, and implanted carmustine wafers,
as two possible treatments with the same licensed indication. To make the
evaluation of the information graphic more manageable, only the data on the
Temozolomide treatment was used.
Before the appraisal in which the report was used, patients diagnosed with
high-grade glioma would undergo surgery to remove their tumour. After 5
weeks to recover from the operation, they would then have a 6 week course of
radiotherapy on the affected area. The model used for the graphic deals with
the possibility of giving the drug temozolomide during this radiotherapy, and
also in lower doses for 5 months afterwards.
It is common practice in health technology assessment to extend the clinical
trial data available by constructing a mathematical model. This report included
a Markov model, which presents a simulation of what might happen to a group
of people with the condition of interest. This allows the long-term impact
of adopting different treatment options to be considered. The model for
temozolomide simulated what would happen to those given temozolomide
and those given a placebo. These two simulations of treatment alternatives are
referred to as the two ‘arms’ of the model.
The report (Garside, Pitt, Anderson, Rogers, Dyer, Mealing, Somerville, Price,
& Stein 2007) included a state transition diagram for the model, along with
a page or so of textual description (see Figure 6.1 – 2). This was followed by
17 pages of information, including 22 tables, on the assumptions used in the
model (and what evidence the values used were based on). The next section
detailed the main outputs of the model, over 2 pages, using 3 paragraphs of
text, 1 table and 3 bar charts. Finally, the report included 8 pages on sensitivity
analysis, including 10 figures and 3 tables along with the text.
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Figure 6.1 – 2

‘State transition diagram’ from the report. The circular arrows at the top-right of certain
states are a convention in such diagrams. They indicate that people can remain in that
state for more than one model ‘cycle’ – in this case, more than one week.

The report section in which the proposed information graphic would appear
would be the two pages on model outputs, before the section on sensitivity
analysis. This section starts by providing a simple table showing the costs and
qalys that would be incurred by 1000 simulated people, from their surgery
to the end of a 5 year period. This table also stated that from this information,
the drug would cost around £35,000 per qaly gained. This is just over the
threshold of £30,000 per qaly that nice reportedly uses as a (non-absolute)
benchmark for the approval of so-called ‘end-of-life’ treatments such as this
(Devlin & Parkin 2004).
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The costs were then shown in more detail in the ‘stacked bar chart’ format
that did not give favourable results in (Cleveland & McGill 1984) (see Figure
6.1 – 3). The author was clearly constrained by the black and white format,

Figure 6.1 – 3

Cost display from online version of report report

choosing to use greyscale shading to distinguish the different kinds of cost
within each section. All technology assessment reports produced for nice
are published in the journal series hta. The articles are freely available online
(nihr Health Technology Assessment programme 2010), and also distributed
in printed academic journal format. The online version of this report, in pdf
format, includes the original greyscale version of this figure. It is quite difficult
to interpret in itself, with many shades looking similar, and the progressive
disease bars having many small sections. However, the extremely course and
low-quality halftoning in the hard copy version make it even more difficult to
interpret. The ‘progressive disease’ bars seem to be made up of ‘radiotherapy’,
‘hospital inpatient’ and ‘other’, although it may be ‘chemotherapy drugs’
instead of ‘radiotherapy’ (see Figure 6.1 – 4).
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Figure 6.1 – 4

Showing the low-quality halftoning used in the printed HTA journal
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Figure 6.1 – 5

‘Event counts’ display from the report

This section also includes a short paragraph on ‘event counts’ which could be
described as the number of times that someone moves from one health state
(such as ‘stable disease’) into another (such as ‘progressive disease’ or ‘death’).
This data was again presented with a bar chart (see Figure 6.1 – 5).
Lastly, another short paragraph was included on state occupancy. The third
accompanying bar chart showed the number of people that had spent a week
(or model ‘cycle’) in a particular health state (see Figure 6.1 – 6). Strangely, the
‘death’ state was not shown in the bar chart, but the numerical values for death
were presented in the paragraph of text.
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Figure 6.1 – 6

‘State occupancy’ display from report

It is in this section that the proposed information graphic would appear, to
show more detail on how the model worked. Instead of just showing the
total numbers of simulated people in the different states over all 5 years of
the model’s time horizon (duration) in a single bar, it would show how these
numbers changed over time. Also, and perhaps more importantly, it would
show the reader how these changes over time relate to the costs incurred and
the quality of life of the simulated cohort. This is intended to help the reader
more clearly understand the source of the model outputs by showing their
component parts, and revealing time-based elements that are not commonly
presented in such reports. This might ultimately show the reader more clearly
how the cohort that was given the drug Temozolomide differed, in terms
of cost and quality of life, from those that were given an indistinguishable
placebo.

6.1.2 State occupancy chart (soc)
After the initial specification, selection, and development detailed in Chapter
4, the graphic became referred to as soc (state occupancy chart). The central
premise was to show the flow of the simulated patient cohort through the
model using a proportional flow diagram, known as a ‘Sankey diagram’
(sankey-diagrams.com 2010). Bar charts could be presented alongside the
flow diagram to show the costs incurred and the quality of life experienced by
the different numbers of people occupying the health states (see Figure 6.1 –
7). The graphic underwent substantial further revision while developing the
evaluation study, however.
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Figure 6.1 – 7

The original version of the soc display, from Chapter 4

Introduction

The main problem with the original design, from Chapter 4.3.3, was the need
to aggregate the 260 cycles of the model into a smaller number that could be
realistically presented on an A4 page. In each cycle of the model, the number
of people occupying each state changes, so showing only one of every 20 cycles
could be very problematic in other models. The graphic would work, but
only if it could show every cycle of a model. This would be quite simple for a
10-cycle model, but last for hundreds of cycles. An unrealistically large canvas,
on screen or paper, would be required for this kind of display. This might be
possible with the use of animation, providing the graphic as a video file or
interactive display, but within the current media used in the nice appraisals
process, it would not be feasible to present.
The graphic was therefore changed into something closer to the time based
‘state occupancy graphs’ which are sometimes used in hta.* This version of the
graphic, however, represented the number of people in each state with small
bars rather than the more usual curves, in line with Cleveland and McGill’s
observations (Cleveland & McGill 1984). Several spreadsheet programs were
trialed to produce the main display (Excel, OpenOffice, Apple Numbers and
Google Docs) All of these produced a pdf output with variable width lines (as
in Figure 6.1 – 8). For this reason, the open source Processing language (Fry &
Reas 2010) was used to produce the bars as a pdf file, so that Adobe Illustrator
software could be used to label the display, and include explanatory text. This
updated version of the graphic is presented in Figure 6.1 – 9.

width of bars:
0.354mm 0.266mm

Figure 6.1 – 8

Variable line widths in pdf output from spreadsheet software
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After consultation with colleagues*, this was developed to a more condensed
display (Figure 6.1 – 10). In this revised design, ‘incremental state occupancy’
was incorporated in the centre of the graphic, showing the relative differences
between the number of people in each arm† of the model, in each cycle.
The colours were also changed, with an obvious bright pink used for the
progressive state, as this is where quality of life degrades in the model.

Temozolomide model SOC (state occupancy chart)
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Figure 6.1 – 10

Version of soc including a central incremental occupancy display

This idea led to another development, made possible by the use of the very
flexible Processing software. In this version of the graphic, colours were used
to show the costs and QALYs incurred by the simulated cohort of people in the
different states of the model at each cycle (see Figure 6.1 – 11).
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This display was pilot tested by one participant (see Chapter 6.2 – Methods).
The intention was to take this same graphic to final testing stage, and the pilot
test was designed to refine the questions and interview technique. However,
the experienced modeller that tested it raised some fundamental issues.
Firstly, the scale of costs seemed wrong to them. It was problematic to include
the costs in the design, as the cost of surgery was so much larger than any
other cost. On a simple grey to red scale, for example, very little was visible
apart from surgery, apart from a faint shadow for the radiotherapy weeks,
in the treatment arm only. The temozolomide drug, administered in weeks
17 – 40, was almost invisible, as was the radiotherapy cost in the placebo
arm. Therefore a yellow colour was used for the £600,000 per week cost of
radiotherapy in the whole cohort, and an orange for the £3m cost of surgery.
This proved very unintuitive for the modeller. Also, they suggested using the
raw cost per patient instead of cost per cycle, and the utility value per patient
rather than the total qalys in the quality of life display, to make these easier to
understand.
These suggestions were of sufficient value to require an immediate redesign to
the graphic before any more testing. The version of the soc graphic used in the
main evaluation study was separated over 6 pages, designed to slowly add to
the understanding of viewer page by page. Explanatory text was used on each
page, accompanied by a graphical presentation of data. The full soc graphic
that was tested is included as Appendix g.
The first page was a simple state occupancy chart, showing number of people
in each model state* in each cycle† of the model. This information was
presented as the width of bars, as in a horizontal stacked bar chart. This kind
of display should be familiar to most people working as modellers within
hta, although a line graph is more usually used for this purpose. Two state
occupancy displays were shown, one for the simulated patients treated with a
placebo, and one for those given the temozolomide drug. The display shows
how the simulated patients treated with temozolomide moved more slowly
into the progressive disease state, and eventually to the death state, than those
given the placebo treatment.
The second page showed a similar display of the state occupancy in both arms
of the model. However, this time the bars representing the number of people
in one arm of the model were shaded according to the utility value‡ of each
person, using a black to white scale.
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*Such as stable disease,
progressive disease
and death.
Each week of the
model is referred
to as a ‘cycle’.

†

Utility values show a
measure of the quality
of life of each patient,
from 1 (perfect health)
to 0 (death).
‡

The third page had a similar display, but the greyscale shading this time showed
the costs per patient in each cycle, for each model state.
The fourth page showed the difference between the numbers of people in each
of the different model states, again over time. This was intended to show more
clearly the differences in survival between those taking Temozolomide and
those taking the placebo.
The fifth page showed the difference in the number of qalys* experienced by
the simulated patients in the two arms of the model, again by state over time.
As in the report, the number of qalys experienced by a cohort of 1000 people
was used.
The sixth and final page showed incremental costs, the costs that would be
accrued in the model. Again, a cohort of 1000 people in each arm of the model

*A single qaly (quality
adjusted life year)
represents a year of
life at perfect health
(a ‘utility’ of 1). At the
time of writing, nice is
reputed to be willing to
pay around £20,000 for
one additional qaly
(Devlin & Parkin, 2004).

was used.

6.1.3 Aims of test
In the field of hta, it is unusual for a specific design brief to be given to initiate
the development of an information graphic. This is part of the reason that the
suggested design process model (see Chapter 2.2) starts with loosely defined
needs, and moves quickly to an agreed specification from this. However, this
also means that designs must also be tested and often redesigned as a part of
the design process.
Another test process was used for the soc graphic. However, test in this case
required a somewhat different approach to that used in the gofer test in the
previous chapter. Rather than being a different way of presenting numerical
data already in reports, the soc graphic offers a way to display data that are not
realistically able to be presented in numerical form. Therefore, there was no
direct comparator for the graphic to be tested against in the evaluation.
The aims of the study were therefore to find out:
1) If the modellers interviewed had a reasonable grasp of what the display showed
from reading the labels and annotations.
2) How useful the modellers thought that soc displays would be in displaying the
results of Markov models.
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6.2 Methods
6.2.1 Population sampled
Similarly to the gofer test in the previous chapter, technology assessment
authoring researchers were sampled for this study. The population of interest
was again those working in health technology assessment centres that provide
cost-effectiveness reviews to inform the nice appraisal process in the uk.
As this graphic showed output data from a Markov model, mathematical
modellers were invited to participate.

6.2.2 Sample size
Six modellers were interviewed. Three of these were from the pentag review
group, based in the Peninsula College of Medicine and Dentistry, Universities
of Exeter and Plymouth. The other three modellers were from the scharr
technology assessment group based at The University of Sheffield. These six
participants were selected by inviting all of the pentag modellers to take part,
and asking the director of scharr-tag to invite all modellers in that team.
Only six people responded, three from each centre. This is the minimum
number recommended by David Sless for evaluation work in Information
Design (Sless 2009).

6.2.3 Procedure
The cognitive interviewing method described in Chapter 5.2 was adapted to
be suitable for testing the soc display. Instead of using a speak aloud protocol,
the second method of ‘probing’ was used to see how participants were coming
to their answers (Willis 1999). This method places more of the demands
during the interview on the interviewer, leaving the participants free to focus
more on the task at hand, returning to their thought processes once they have
completed them.
The fundamental approach of giving participants tasks to find specific
information presentations was retained from the previous chapter, so the
format of the test sessions themselves were quite similar. However, this time
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the results of these were not used to compare between different displays.
Instead, they were used to test participants’ understanding of the display, and
to see how accurately they could transform the visual elements on the page
back into the numerical values that they represented. Thus, the tests serve only
as proof of concept and as a way of refining the graphic, rather than any kind of
quantitative demonstration of relative effectiveness.
The script used in the interviews is included in Appendix h. Each participant
was given a brief introduction, telling them that the study was designed to help
test and refine an information graphic that could be presented in reports for
the nice appraisal process. They were then asked introductory questions, on
their background and experience of modelling in hta.
Each participant was then given the soc display, and asked to spend five
minutes familiarising themselves with it. Following this period, they were
given 6 tasks to perform, which required them to find information in the
soc display. These tasks were generally designed to encourage them to use
each page of the graphic. Each task was followed by one or more follow-up
questions (probing), designed to establish how the participants had come to
their answers.
Upon completing the tasks, participants were asked several general and openended questions on the usefulness and applicability of the soc display.

6.2.4 Outcomes
The tests were again video recorded, so that several kinds of data could be
recorded easily.
The quantitative data recorded were the time taken by participants to complete
their tasks, and the answers that they gave. The answers were the most
important quantitative data, allowing decision accuracy to be assessed. The
qualitative data recorded were the words and actions of the participants.
Firstly, the participants’ background and experience was established, asking
the following questions:
• Tell me about your experience with modelling and simulation modelling.
• What is your experience with hta?
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It was also important to know if the participants had seen the report before,
giving them a potential advantage:
• Are you familiar with the carmustine implants / temozolomide for highgrade glioma report?
Participants were again asked for a learning styles questionnaire, which was
completed before the interview. They were then asked two questions on how
they currently present the outputs of models:
• Have you ever felt the need to show where the costs and qalys come from
in a Markov model?
• In your experience, are decision-makers at nice content to be presented
with just an icer value?
After the familiarisation with the graphic was complete, the following tasks and
probes were given:
• Task 1: How many people have progressive disease in week 52 of the
temozolomide arm of the model?
-- Is this more or less than the placebo arm?
-- How did you find this information?

• Task 2: Where do the costs tend to come from in each arm of the model?
-- Does this information help you to understand this model?
-- Why is this?

• Task 3: What would you say the average utility value of those in the
progressive state was in week 78 of the model, for the temozolomide arm?
-- How does this compare with those in the placebo arm?

• Task 4: Is there a particular model state in which the simulated patients
experience more qalys in the placebo arm than in the temozolomide arm?
• Task 5: At what point are there more people in the progressive state for the
temozolomide arm than for the placebo arm?
-- Why did you choose to use [page 1 / page 4] instead of [page 4 /
page 1]?
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• Task 6: Where does the greatest difference between the costs of the two
arms lie?
After all six tasks were completed, participants were asked more general
questions, to determine how they felt about the usefulness of the graphic, and
how it might be used in the nice appraisal process in the uk:
• Was there any information that you thought was missing from the graphic,
that would be useful to show in an hta report?
• If you had to remove one of the pages from the presentation, which would it
be?
• Do you think this kind of display would be useful or confusing for a
decision-maker at nice?
• If yes, what might it show them that they do not already know?
• If no, is there anything that could be improved to make it more helpful?
• Do you think it would be useful to anyone else involved in hta work?
• How easy do you think it would be to compare this graphic to one produced
for a different appraisal?
• Do you think this graphic would be more useful for stas or mtas?*

Two more questions were also developed during the course of the interviews,
as potentially useful ideas emerged:
• Have you seen anything like this graphic before?
• Do you think it could be used for displaying scenario analyses?

6.2.5 Analysis method
The quantitative data were assessed, with a particular focus on task accuracy,
and the reasons for any errors.
The qualitative data recorded (the words and actions of the participants)
were transcribed and analysed using a coding strategy similar to that in the
gofer test in Chapter 5. The transcripts for this study were coded with nvivo
software, for convenience, but the process was broadly similar to the gofer
test, in that it involved finding emerging themes that could be considered
across interviews.
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6.3 Quantitative results
The questions were asked in the same order for each participant. During the
6 tasks, participants were not specifically asked to say anything about their
thought processes. However, once they had answered, the interviewer tried to
establish the thought process that they had used to come to their answer. This
means that, unlike in the gofer test in chapter 5, the participants’ task times
can be presented in a more approachable ‘seconds’ format, rather than as a
percentage of overall task time.
This Chapter (6.3) presents the results of the study, by interview question, in
the order in which they were asked. However, if a participant said something
relevant to the question at a different point in the interviews, this would be
grouped together under the question in the analysis. For example, several
participants talked about how useful the graphic would be for decision-makers
during post-task discussion. This would be included in the section for the “how
useful would this display be to decision-makers at nice?” question.
Participants are referred to as ‘participant 1’ to ‘participant 6’, to hide their
identities for ethical reasons. The participants’ numbers represent the order
in which the interviews were conducted (participant 1 interviewed first and
participant 6 last).
6
6.1
6.2
6.3
6.4
6.5

The section for each task has a figure, giving an overview of task time and
participant’s answers. A key to these Figures is provided in Figure 6.3 – 1. The
yellow tab to the right can be used to return to this figure as needed.
The results for participant 1, who used the earlier version of the display
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40%

PARTICIPANT
TASK
TIME

35%

35%
correct value
(32.7%)

30%

1

2

39s

44s

30%
25%

30%

3

4

29s
82s

Figure 6.3 – 1

Key to interpret task performance summary figures
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included in Figure 6.1 – 10, are included for tasks 1, 2 and 4, as these tasks
were either the same or easily comparable. This participant’s responses to the
general questions are also included, as they are just as applicable.

6.3.1 Background of participants
6.3.1.1 Experience with hta and simulation modelling
Experience of simulation modelling in general ranged from 1 year to 15 years in
total. Experience with simulation modelling specifically in health technology
assessment ranged from 9 months to 14 years. See Figure 6.3 – 2 for a summary
of the results of this question.
15
14

one year of
simulation
modelling
experience
6

one year
of HTA
modelling
experience

3.5

4
3

.75

Participant:

1

1 2 3 4 5 6

Figure 6.3 – 2

Experience with hta and simulation modelling

6.3.1.2 Are you familiar with the carmustine implants / temozolomide for
high-grade glioma report?
Only participant 1 had had any previous contact at all with the report, or the
Glioma model. They had been involved with writing a methodological paper
using data from the model, but claimed that they had no knowledge of the
structure of the model.
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6.3.1.3 Learning preferences questionnaire
The learning preferences questionnaire used in Chapter 5 was again given to
each participant. The aim was to determine whether participants that generally
had more of a preference for visual learning styles responded better to the
graphic in any way.
Again, the three participants who had a higher than 25% visual learning style
(participants 1, 2 and 5) did not perform noticeably better or worse in the tasks
than the others, nor did they seem to find the graphical presentation more or
less useful.
It may be that the questionnaire used is not able to show the ability
of participants to use graphical presentations for tasks. Results of the
questionnaire are presented in Figure 6.3 – 3 for interest’s sake.
VISUAL

1
V
A
R
K

32%
36%
13%
18%

AUDIO

READ/WRITE

2
V
A
R
K

33%
13%
38%
17%

3
V
A
R
K

15%
45%
25%
15%

KINESTHETIC

4
V
A
R
K

22%
44%
22%
11%

5
V
A
R
K

35%
26%
17%
22%

6
V
A
R
K

17%
21%
28%
34%

Figure 6.3 – 3

Learning preferences

6.3.1.4 Presentation of model results
Before the graphic was shown to them, each participant was asked how they
normally presented the results of a model in a report, and whether they
thought that just presenting the icer would be sufficient for the needs of a
decision-maker.
Each participant mentioned a different approach that they used to present
results. These included: presenting a breakdown of costs in the model;
presenting costs and utilities by model state; presenting costs and qalys by
outcome for decision trees; and presenting costs and qalys accrued over time
as a line graph. It may be that different models require different information
to be presented, and that the participants were basing their answer on models
that they had recently been involved with. There also might be a personal
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preference in what information to present.
In terms of the reception of such presentations by decision-makers, there was a
general acknowledgement that more information was needed than just an icer
value, but that this might depend on the experience of individual committee
members. Participant 6, who had 15 years’ experience of modelling for hta,
and sits on a nice appraisal committee, mentioned that there are two levels of
presentation in the nice appraisal process: the reports themselves are one way
that decision-makers see the information from a technology appraisal, but they
are also given verbal presentations with slides that at the appraisal committee
meetings. They felt that only a few at the committee would have knowledge of
mathematical modelling, and their opinion was that the other members would
tend to defer the overall decision on an intervention to those that did. They
thought that the ‘lead team member’ giving the presentation of the economic
modelling part of a nice appraisal would present summary values, interpreting
the findings from the analysis for those less expert in the area. However, they
would be expected to know more about the model than they presented in case
of questions, and that the team that produced the report would be on hand to
answer the most detailed questions from the committee.
The soc display might be presented in either the report, the slide presentation,
or in both. However, it is likely that the resolution of the slide projector used
would be far lower than that available on the printed page. The graphic would
likely have to be redesigned to be used for the presentation.
Even if the graphic was only included in the report, the explanation of the
model using a soc graphic might potentially be able to reduce time spent
on questions, or enable those with less modelling experience to make more
informed decisions.

6.3.2 Task performance
6.3.2.1 Task 1
Q: How many people have progressive disease in week 52 of the temozolomide
arm of the model?
A: 32.7%
This task required participants to use page 1 of the soc display. This page
showed the number of people occupying the different states of the model. The
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number of people in each state of a model over time is sometimes
presented as a line graph in hta reports, and so this first page of
the graphic would probably have seemed familiar to many of the
participants.
To complete the task, each person firstly had to identify the
progressive state from the greyscale shading used to denote this,
using the key in the bottom-left of the page. They then had to
find the appropriate cycle (week) of the model, and judge the
approximate length of the correct bar there. They then had to
correctly transform this length into the appropriate numerical
value, in terms of a percentage of simulated people, referring to
the scale at the top of each panel showing one ‘arm’ of the
model (see Figure 6.3 – 4).

participants must judge
the length of this bar

week

39

week

52

week

65

week

78

week

91
Figure 6.3 – 4

Judgement for task 1

The ‘progressive disease’ state was asked for in the task, to
make it slightly more challenging. The other two states either started at 0% or
ended at 100%, which would probably have made the task of judging bar length
easier.
A summary of the results of the question can be found in Figure 6.3 – 5.
All six people turned straight to page 1 of the soc display, and were able to give
an approximate answer. Each person gave a number rounded to the nearest
5%, and were reasonably accurate within this, with all answers within 8% of the
true value. From further questioning, they seemed to be looking at the correct
week, and correct bar, with the exception of participant 2, who looked at the
stable state. This person was not a native English speaker, and said that they
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35%

35%
correct value
(32.7%)
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30%

1

2

39s

44s
Figure 6.3 – 5

30%
25%

30%

3

4

Task 1 results summary
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45s

40s

found five minutes too short a time to read all of the text. On asking which
bar they found their answer from, they noticed their mistake, and were able to
correct it.
Generally, people went to the right page straight away, and found the answer
quite quickly, at around 40 or 45 seconds. Participant 4 took slightly longer
than the others, possibly due to the intervention of the interviewer. The
participant’s strategy was to mark the left and right end of the bar with a pen, to
help focus on these. Unfortunately, the interviewer had to intervene, to explain
that they wouldn’t have access to a printer before the next test was booked, and
to ask the participant not to make any more marks. This engagement with the
design could potentially have been interesting if allowed to continue.
As a follow-up to this task, each person was asked if they thought there
were more or less people in the progressive state in the placebo arm during
this week. This information could have been found by using the slightly
unnatural process of comparing the horizontal bar in the treatment arm
with the corresponding one in the placebo arm, or from looking at the
‘incremental occupancy’ display on page 4 of the soc display. All five of the
participants presented with the final display remained on page 1, and found
their answer by comparing between the two panels. The participant that used
the earlier version of the display, on which the incremental occupancy was
presented in between the two arms, used the incremental display to answer.
All six participants were able to correctly identify that the placebo arm had
less people. If it had been a less obvious difference, such as in week 78, the
incremental display on page 4 might have been necessary.
6.3.2.2 Task 2
Q: Where do the costs tend to come from in each arm of the model?
A: Judgement-based question. Answers might include: Surgery, radiotherapy
(weeks 7–12), drug course (administered in weeks 17–40), management of
progressive disease, and death. See Figure 6.3 – 5 for numerical values of
total costs for these states.
This task required participants to use much more judgement than the first.
To see the absolute values of cost in the two arms of the model separately,
they would have had to use page 3. The information was displayed using two
different graphical elements, with the width of the bars signifying the number
of people in that particular health state, and the costs incurred per patient
shown with the intensity of the black colouring of the bars.
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To find the most significant costs in each arm, participants would firstly
have had to mentally combine the width of the bars, and the number of bars,
perhaps by thinking of them as the area covered by a state. They would then
have been expected to multiply the area by the intensity of the colouring of
that area, to arrive at numbers that could be compared (see Figure 6.3 – 6).
participants must consider both
length and colour of bars
surgery = £5.9m

0%

treatment arm
25%

50%

75%

100%

week 1
week 2
week 7

radiotherapy = £5.4m

week

13

week

drug course
(weeks 17–40) = £5.4m

26

week

39
Figure 6.3 – 6

Judgement for task 2

A summary of the things that participants mentioned in response to this task is
shown in Figure 6.3 – 7.
Each participant found page 3 without much difficulty. However, they
tended to give overall answers, rather than considering each arm separately.
In hindsight, it might have been better to ask about each arm separately,
starting with: “where do the costs tend to come from in the placebo arm of
the model?”, and following up with: “where do the costs come from in the
treatment arm?”.
Considering the complexity of the required mental (or perhaps visually preprocessed) calculation, participants’ responses were quite accurate. However,
there was a tendency to over-prioritise the darkness of a state over its area.
Surgery and radiotherapy were both dark and small (high cost per person),
and were mentioned by all 6 participants. Progressive disease, in contrast, was
light coloured, but with a similar total cost to surgery in both arms, but was
mentioned by only two participants. However, the one-off cost assigned to
death was also very dark, and was mentioned by only one of the participants,
so some account of the area seems to have been taken, even if it was not given
enough priority.
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Task 2 results summary

Figure 6.3 – 7

death

radiotherapy
(weeks 7–12)
drug course
(weeks 17–40)
progressive
disease

surgery

(placebo arm)

value

£3.1m

£5.9m

£5.1m

£5.4m

£5.9m
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240s

2

39s

3

109s

4

100s

5

119s

6

In most cases, this task took a longer time than the first, generally due to the
discursive form of the answers, and the need to mentally ‘weigh up’ different
possibilities. Participant 3 took a much shorter time than the others. This
person mentioned only the three darkest areas, suggesting that they may have
assumed that the task was asking for the areas with the highest cost per patient,
which would have been a simpler, and less time-consuming task.
There was also a tendency to talk about how the costs differed between the
arms, even though this question did not specifically ask for this information.
Participants 1, 4, 5 and 6 mentioned the differences that they could see
between the costs in the two arms of the model with no prompting from the
interviewer. All participants used page 3 as expected, but participant 1, who had
the incremental cost data presented on the same page, checked that the cost of
surgery was the same in both arms using that. Participant 6 also checked page
6, the incremental cost display, for the same reason.
6.3.2.3 Task 3
Q: What would you say the average utility value of those in the progressive
state was in week 78 of the model, for the temozolomide arm?
A: 0.59
This task required use of page 2 of the soc display, which again showed the
state occupancy using the width of the bars representing each cycle. The utility
value of the people in each cycle was represented by a greyscale shading from
black (high utility) to white (low utility).
This task required the participant
to remember which state was the
‘progressive disease’ state from page
1 of the graphic, identify the correct
week, and judge how dark its bar
was. They then would have had to
transform that shade into a numerical
value, using the colour scale in the
bottom-left of the display (see Figure
6.3 – 8.
Results of this question are presented
in Figure 6.3 – 9.

week

52

week

65

week

78
participants must
judge the colour
of this bar

91

week

104

week

117
Figure 6.3 – 8

Judgement for task 3
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1

0.5

correct value
(0.59)

0.6

0.5

0.7

0.5

0.5
0.15

0

2

3

4
43s

69s

84s

5

6

66s

56s

Figure 6.3 – 9

Task 3 results summary

The five participants that were given this task were generally able to give an
approximate figure, with a slight tendency to underestimate. This may have
been caused by the halftoning (pattern of coloured dots used to approximate
grey) used by the printer that the graphic was printed on (see Figure 6.3 – 10).
However, considering the very low quality halftoning of the journal that prints
technology assessment reports (see Figure 6.1 – 3), this may be a common
difficulty for the use of greyscale colour for data scales in the nice technology
assessment process.
As a follow-up question, participants were asked whether they thought the
value was higher or lower in the placebo arm. Four of the five asked correctly
identified the values as the same. Participant 3 was the only one that thought
there was a difference, thinking that the utility in the placebo arm was between
0.15 and 0.2 higher than their estimate for the treatment arm. This may have
been due to a visual effect caused by the longer survival of those in the
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100%

0%

50%
Figure 6.3 – 10

100%

Halftoning of printer. Top = actual size. Middle = magnified version of print. Bottom = digitally magnified version
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treatment arm coupled with the lower utility of
those spending a long time in the progressive state.
As a lighter colour was therefore visible later on in
the model, this participant may have assumed that
the whole state was slightly lighter.

progressive

6.3.2.4 Task 4
Q: Is there a particular model state in which the
simulated patients experience more qalys in the
placebo arm than in the temozolomide arm?
A: The progressive state.
This task was designed to make use of page 5 of the
soc display. However, the wording of the question
was somewhat cumbersome. It would have made
things clearer to ask for a state in which the cohort
of simulated patients experienced more qalys, as
pointed out by participant 6.

participants
must judge
that this
section...

...outweighs
this section

To find the answer, the participants would have
to correctly establish which direction on the
display represented a qaly gain for which arm.
While this might have been expected, given the
presentation of the placebo arm on the left and the
treatment arm on the right in the preceding pages,
the confirmation of this direction of change was
only given in the text. After establishing that they
were looking for bars extending to the left of the
central point, they then needed to work out if either
of the two columns, representing the stable and
progressive states, had a higher number and length
of bars extending to the left than those extending to
the right of the midpoint (see Figure 6.3 – 11).

6
6.1
6.2
6.3
6.4
6.5

A summary of the results of the task is given in
Figure 6.3 – 12.
While all participants were eventually able to find
the answer to this question, it was quite confusingly

Figure 6.3 – 11

Judgement for task 4
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progressive
disease
1

2

56s

3

4

43s

5

6

61s
97s

106s
Figure 6.3 – 12

Task 4 results summary

185s

(and perhaps even incorrectly) worded. Participants 2, 3 and 5 turned to page
5 and found the answer easily. Participant 4 tried to use page 2, the absolute
quality of life page, perhaps forgetting that page 5 was included. They found
the answer quickly after the interviewer suggested using page 5. Participant 1
had the earlier version of the display, on which the higher qalys in the placebo
arm were shown with a blue colour, but actually based their answer on the
occupancy diagram (which in part informed the redesign to the tested version,
with separate incremental cost and qaly displays). Participant 6 thought that
the question was asking for a per patient answer, which they tried to find on
page 2, but found the answer quickly on page 5 when the interviewer suggested
using that.
It is worth noting that the three participants that went straight to the correct
answer had the shortest decision times. The longer decision times were those
that tried to use page 2 first, or used the earlier version of the soc display.
6.3.1.9 Task 5
Q: At what point are more people in the progressive state for the
temozolomide arm than for the placebo arm?
A: Week 84.
This task could be completed either from comparing the width of the bars on
page 1, or looking at when the bars on page 4 (incremental occupancy display)
reached the central point. It would almost certainly be easier to do this with
page 4, however, where the task would simply require finding the column that
represented the progressive state, and reading the correct week from the time
scale at the side of the display (see Figure 6.3 – 13). The display on the first page
was meant as a general overview, and in fact the bars seem different lengths
purely because of context – an optical illusion.

— 274 —


6
6.1
6.2
6.3
6.4
6.5

Prototype test 2 (soc)
Introduction
Methods
Quantitative results
Qualitative results
Conclusions

week

week

week

week

week

week

week

week

65

65

78

78

91

91

104

104

participants can
choose to either:
judge the point at
which the medium
grey bars become
an equal length on
the state occupancy
display on page 1...

Figure 6.3 – 13

Judgement for task 4

week

65

week

78

...or judge the
point at which
the bars start to
change direction
on the incremental
display on page 4

week

91

week

104

The results for this question are summarised in Figure 6.3 – 14.
In the end, more people chose to use page 1 than page 4, which involved
finding the point at which the bars in the two arms were of equal length. The
participants seemed largely to have forgotten that there was an incremental
display on page 4 that could be used instead. However, when asked, all five
participants thought that page 4 would actually be the easier of the two.

130

1

104
80

correct value
(week 84)

1 those using
page 1 of
graphic
4 those using
page 4 of
graphic

2
34s

6
6.1
6.2
6.3
6.4
6.5

4

3

51s

Figure 6.3 – 14

Task 4 results summary
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6.3.2.6 Task 6
Q: Where does the greatest difference between the
costs of the two arms lie?
A: Radiotherapy, weeks 7–12 (£3.8m more in
treatment arm) and drug course, weeks 17–40
(£4.0m more in treatment arm).

total

participants must
decide which cost
is the higher of:

week 1
week 2
week 7

radiotherapy (£3.8m)

week

13

week

26

drug course (£4.0m)

week

39

This task is designed to make use of page 6 of the
graphic, on incremental costs. There are two points
on the graphic that have particularly obvious cost
Figure 6.3 – 15
differences, both due to the temozolomide drug being
Judgement for task 6
given. The first is during radiotherapy, and the second,
in a lower dose, for 24 weeks after patients have recovered from radiotherapy.
These both have very similar impacts on the overall costs, but radiotherapy
produces a smaller number of larger bars due to the similar total dosage being
delivered in a shorter period of time. Participants have to judge which (if
either) of these two parts they thought would impact more on the costs (see
Figure 6.3 – 15)

week

52

Results of this question are summarised in Figure 6.3 – 16.
All participants found the correct page quickly, and answered soon after. Every
person noticed the large bars appearing in the radiotherapy weeks, but only
the very experienced participant 6 also talked about the equally costly drug
course afterwards. Participants 5 and 6 were also asked which of the two they
thought were larger, and both said that they were about the same. Participant 6
answered very accurately, even being able to say that, while the two parts of the
drug administration were similarly costly, they thought that the drug course
might be very slightly more so.
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value
radiotherapy
(weeks 7–12)

£3.8m

drug course
(weeks 17-40)

£4.0m
2

Figure 6.3 – 14

32s

3

4

5

15s

22s

27s

6

59s

Task 6 results summary
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6.3.3 General questions
6.3.3.1 Was there any information that you thought was missing from the
presentation, that would be useful to show in an hta report?
After their six tasks were complete, each participant was asked whether there
was any other information that they would like to be included in such graphics.
Each person had a different answer, but some could be combined to improve
the display.
Participant 1 wanted to see a link from the graphical elements to the icer, and
participant 4 thought it would be good to display the cumulative costs and
qalys coming from the model. These two elements were actually included in
the earlier version of the soc display presented in Figure 6.1 – 9, but removed
to simplify the already quite full displays. It would be challenging to present a
fourth or fifth column, for cumulative values, on the incremental cost and qaly
displays (pages 5 and 6 of the tested display). Each of the existing columns
would have to be condensed even further, and there would be a danger of
losing detail like that on the incremental costs of death column. A more
realistic solution might be to include a seventh page, with just two columns for
cumulative incremental total cost and qalys giving the total summed values of
each, and the icer obtained from these.
Participants 2 and 5 mentioned that they would like to know more about the
breakdown of costs, for example to see why the costs of radiotherapy were
greater in the treatment arm. While some information on this was presented
separately in the report (see Figure 6.1 – 2), the display was scarcely adequate,
or even understandable (see Chapter 6.1.1). It might be possible to combine
this with a suggestion given by participant 5 to show the total cost of different
areas of the model, by providing scaled pie charts or stacked bar charts to show
this information (See Chapter 6.5.4).
Participant 6 wanted to see “mean cost and qaly” values, but didn’t specify if
these would be by state or overall. They also thought that it could be assumed
that these would be presented in a table elsewhere.
6.3.3.2 If you had to remove one of the pages from the presentation, which
would it be?
In the previous test, described in Chapter 5, people were quite reluctant to
be critical of the graphic, perhaps knowing or assuming that the interviewer

— 277 —

6
6.1
6.2
6.3
6.4
6.5

Prototype test 2 (soc)
Introduction
Methods
Quantitative results
Qualitative results
Conclusions

has had a part in designing it. For this study, a more specific question about
what information is unnecessary was asked, which seemed to provoke more
constructive criticism.
The display most commonly chosen was page 4, on incremental occupancy.
This was chosen by participants 3, 4 and 6. They felt that the information was
also available on page 1, absolute occupancy in each arm. They all mentioned
that they found page 4 useful, but that the other pages were more useful.
The general preference for the absolute values presented in page 1 over the
incremental display on page 4 was also confirmed by participant 5. They
answered that they thought that all three of the incremental displays were more
confusing than the absolute displays. However, if included more frequently in
reports, those in the field might be able to learn to use them more easily.
Participant 2 thought that the information presented on page 2 (absolute utility
values) could be gained from considering page 1 alongside a table with the
utility values assigned to each state.
It seems that different people generally tended to value different displays, a
good indication that most of the displays were useful. However, those that
had all of their modelling experience within hta tended to choose page 4. It
might therefore be possible to remove the incremental occupancy display if
the audience was very familiar with hta modelling. This would enable a soc
to be produced slightly more quickly, and take less time to read through in the
report. However, it was included to gradually increase people’s understanding
before seeing the incremental cost and qaly displays, a function which
the participants might be undervaluing in hindsight. More research, giving
different groups of people versions with or without the incremental occupancy
display, would be needed to find out if this is the case.
6.3.3.3 Do you think this kind of display would be useful or confusing for a
decision-maker at nice?
This question was specifically asked of all participants. However, people
mentioned how decision-makers might use the display in many other parts of
the interviews, which will also be discussed here.
The most common idea mentioned (by participants 1, 4 and 6) was that
the graphic would give decision-makers an idea of what was ‘driving’ the
model, and why the costs per qaly (or icer) were high or not. Participant 3
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thought that giving the decision-makers an idea of how costs and qalys were
accrued over time was something that they were not currently able to see. This
time dependant output view might contribute to this idea of increasing the
decision-makers understanding of the drivers in the model.
Participant 6 had a long experience with nice appraisal committee meetings,
and was particularly helpful in describing the decision-making process at
these. They felt that the display was likely to be most useful to those that
already had a knowledge of mathematical modelling. They mentioned that
there are always a limited number of people on the committee that would have
this kind of technical knowledge of mathematical modelling, although they
would be expected to guide those with less knowledge. They also explained
that committee members were often given unrealistic amounts of information
to consider, saying that they had been given 1200 pages to read in a week
for a recent appraisal committee. This would be on top of regular working
commitments, as committee members receive no pay or time away from their
regular work to consider the evidence. Therefore, they thought that there
was every possibility that, even if the graphic was included in a report, only
those that had knowledge of mathematical modelling would ever look at it.
Participant 1, however, mentioned that committees that they had attended
usually did not go into so much detail, but they thought that the graphical
display might encourage committee members to learn more about the model.
The interviewees’ responses indicated that different pages of the graphic might
be able to inform people with different levels of understanding of mathematical
modelling. The incremental cost and qaly displays of pages 5 and 6 may be
of more use to those with a good knowledge of mathematical modelling, and
pages 2 and 3 may be a better way of showing the costs and qalys produced by
the model to those with less knowledge of the technicalities of this process.
6.3.3.4 Do you think it would be useful to anyone else involved in hta work
apart from nice decision-makers?
It was generally thought that that graphic would be useful to anyone reading
the report that wanted to understand the model and its outputs. The specific
group most frequently mentioned were modellers themselves, who could use
the soc display to validate their model, seeing if it was performing in the way
that they expected. This idea was mentioned by participants 1, 3, 4 and 6. More
detail on the use of soc for model validation is provided in table 6.4 –2.
Participant 6 mentioned that the drug company involved might be interested
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in the graphic, to determine whether they believed the model or not. They
also thought that drug competitors might use it to see how the model was
constructed. Therefore, this added transparency could perhaps be seen as a
disadvantage or advantage, depending on perspective.
6.3.3.5 How easy do you think it would be to compare this graphic to one
produced for a different appraisal?
Based on a comment, given by participant 1, that the graphic could be used to
compare different interventions, the other five people were asked whether they
thought this would be possible. The responses were largely linked to the idea
of how much the graphic would vary from review to review, which might have
been a more productive question.
The main difficulty for using the graphic for comparing between reviews is
the standardisation of values. Pages 1 and 2 of the soc display will be generally
comparable across different models, because they deal with percentages
of people, and utility values which are generally expressed as a value from
0 to 1. However, costs for a different model might be in a different order of
magnitude. Instead of £0 to £3,000 per patient, for example, another model
might have a maximum cost per patient per cycle of £40, for example, or
£100,000. It would be impossible to set a standard value for this, and even
incremental qalys per state could be very different to those in the Glioma
model, especially if the cycle length used was more or less than one week.
Participant 6 also mentioned that decisions were made on an individual basis,
and that there should be no reason to need to compare different treatments,
apart from using the icer value to maintain a common threshold of cost per
qaly approved.
This question also raised the issue, mentioned by participants 2, 5 and 6, of
what would happen in another model that had a more complex structure,
with many more states or a large number of subgroups. It might be more
difficult to differentiate the different states on page 1 (state occupancy), let
alone the following cost and quality of life pages. The soc display tested
actually didn’t have any kind of labelling for the different states on pages 2 or
3, a fact that none of the participants mentioned. It may be that, if the states
can be displayed on the occupancy display, it is unnecessary to show them on
the following colour-data enriched diagrams. This might hold true for more
complex models, as long as the states could be successfully labelled in graphic
1. The more states there are, however, the more challenging this task becomes,
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especially when colour is not allowed. The greyscale patterning used on many
graphs produced by Excel for black and white reports might seriously affect
the visibility of small states in more complex models, as might the low quality
halftoning mentioned in Chapter 6.1.1.
6.3.3.6 Do you think this graphic would be more useful for stas or mtas?
Participants were also asked whether they thought the graphic would be more
useful in nice’s single technology appraisals (stas), where the review group
critiques a submission from a single manufacturer, or in multiple technology
appraisals (mtas), where several different interventions would be compared
together. The data for the soc display actually comes from an mta, but only
shows the model of one of the treatments considered, which would be more
like the situation of an sta.
It was universally accepted that an mta would be more complex, and would
need more arms, and therefore thinner panels, less textual explanation, or to
spread results over multiple pages. If multiple pages were required, use could
perhaps be made of the format of tars to provide double-page spreads with
soc graphics displayed across two facing pages.
The incremental displays, however, would likely require more and more
pages for a greater number of possible treatments. For example, the soc
tested required just one display to show the incremental costs and benefits
of one treatment compared to a placebo. A situation in which two different
interventions were compared alongside a placebo would require three displays:
treatment a vs placebo, treatment b vs placebo, and treatment a vs treatment
b. A situation with three treatments would then require six displays, four
treatments 10 displays, and so on.
Participants 2 and 5 thought that the technique would therefore be more suited
to use in stas, where there were fewer arms to consider. Participants 3, 4 and 6
thought it would be equally useful in an mta, even though the volume of data
would be larger. Participants 4 and 6 both mentioned that it might be possible
to reduce the information that was necessary to present by only showing the
treatments or interventions that fell on the cost-effectiveness acceptability
frontier (ceaf). This would effectively mean showing only those treatments
that could provide a realistic potential benefit, excluding those that were
dominated (both more expensive, and less beneficial, than other treatments,
for example).

— 281 —

6
6.1
6.2
6.3
6.4
6.5

Prototype test 2 (soc)
Introduction
Methods
Quantitative results
Qualitative results
Conclusions

6.3.3.6 Have you seen anything like this graphic before?
While not originally intended as a question, participants 1 and 2 mentioned
that they had not seen anything like the soc display before. As this seemed like
valuable information, it was also asked in interviews 4, 5 and 6.
Page 1, on state occupancy, had been seen before by all three participants
asked, although it would normally presented as a line graph, often referred to
as a ‘survival curve’ in end-of-life treatments such as this one.
The other five displays, including the ‘shaded bars’ used for absolute costs and
utilities, and all three of the incremental displays, had not been seen before.
Participant 6 thought this was surprising, as they thought it was an easy way of
showing some valuable information.
6.3.3.7 Do you think soc graphics could be used for displaying scenario
analyses?
One of the potential uses of this graphic that emerged during interview 3 was
to present model sensitivity analyses. A common way of approaching this is a
kind of ‘deterministic’ sensitivity analysis, often called ‘scenario analysis’. This
involves changing certain parameters in the model, such as key costs of people
occupying different states, or the utility values assigned to different states, and
presenting the results of the change. These are often presented as numerical
values like the icer and total costs and qalys of the model. Presenting such
different scenarios using the soc graphic would show more detail about what
effects the changes have on the model.
The question of whether this use would be valuable was specifically asked of
participants 5 and 6, although it also came up in other interviews.
Participant 5 thought this would be a useful approach, particularly if the results
of the change were presented on the same page as the ‘base case’ – the initial
scenario, normally based on the best available evidence from the systematic
review. This would allow the two to be compared, and the viewer might be able
to see what effects the change has had on the model.
Participant 6 felt that there might be practical constraints on including many
different scenarios, which might be especially true in a complex mta situation
where multiple displays were already being used to compare different health
interventions. They thought it could be useful to present a few very important
scenarios using the soc display, however.

— 282 —

6
6.1
6.2
6.3
6.4
6.5

Prototype test 2 (soc)
Introduction
Methods
Quantitative results
Qualitative results
Conclusions

6.4 Qualitative results
Several emerging qualitative themes were recorded during the analysis of the
interviews. Qualitative results are presented here by thematic category. Each
category also had several sub-themes, which can be seen in Figure 6.4 – 1 on
the next page. The results of selected sub-themes are presented after each
section, in separate tables. Some sub-themes have been omitted, but only
where the results do not add anything of particular relevance to the formation
of conclusions about the soc display.

6.4.1 Potential functions
This category included the potential functions of information graphics,
identified in the literature, of: dealing with complexity, condensing data into
a small space, making comparisons between data, quicker access to data, and
selective focussing on data.
In general, these themes were mentioned far less than with gofer, perhaps
suggesting that the function of soc, to display the times at which values are
accumulated has a somewhat different function to these identified possibilities,
or just that the participants didn’t happen to talk about what the graphic was
doing in this way.
A summary of the sub-themes for the ‘potential functions’ category is
presented in Table 6.4 – 1.
Sub-theme Notes
Complexity

While the graphic did present complex data, with over 2500 values
presented on page 3, only one person talked about complexity.
They thought that individual cost values might not be necessary on
page 3, and would prefer to see total costs for different areas of the
model.

Condensing

This was also a function of the graphic, as displaying the 2500
values in numerical form would be very difficult on page 3.
However, it was not specifically mentioned

Comparison

Mentioned in all interviews. This is perhaps not surprising, as
several questions specifically asked for comparisons. Aside from
these questions, participants talked of being able to compare
between costs and QALYs on pages 5 and 6, and being able to
compare different scenarios together if the graphic was used for
scenario analysis. One participant found it difficult to compare the
shades of bars.

Table 6.4 – 1

Sub-themes for the ‘potential functions’ category
(continued on page after next)
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mentioned by
participants:
5
3 4

5

3

6

potential
functions

times mentioned
(overall)

complexity

1

condensing

0

comparison

5

limited time

2

selective focussing

0

modelling
1

2

3 4

5 6

states

45

1

2

3 4

5

ICER

16

1

2

3 4

5 6

costs

44

1

2

3 4

5 6

quality of life

55

4

6

other methods

6

6

discounting

2

6

model validation

10

2

3 4

interpretation
1

2

1

3 4

5

3 4

5 6
6

1
1

2
5

1
3 4
2
1

2

5 6
3 4

6

4

5 6

uncertainty

23

transformation

11

overview

1

sizing

1

learning

5

obviousness

4

cognitive load

2

orientation

4

units

12

memory

3

actions
3 4

1
2

5

3
3

5 6
6

focussing aids

6

angling

3

peering

5

bookmarking

1

design
3

1
2
1

2

1

2

6

3 4

4

production

3

5 6

media

8

5 6

detail

13

alternatives

4

suggestions

3

5

Figure 6.3 – 15

Thematic categories, who they were mentioned by, and how many times
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Sub-theme Notes
Limited time

Two people mentioned that the incremental state occupancy on
page 4 enabled a quicker response to task 5 than page 1.

Selective
focusing

This theme did not appear, and may not be a function of this
information graphic.

Table 6.4 – 1

Sub-themes for the ‘potential functions’ category
(continued from page before last)

6.4.2 Modelling
This category dealt with the technical aspects of modelling, such as: states, the
icer, costs, quality of life, other modelling methods, discounting, and model
validation. These terms were used quite frequently, as might be expected from
a sample of mathematical modellers.
A summary of the sub-themes for the ‘modelling’ category is presented in
Table 6.4 – 2.
Sub-theme Representation

Notes

States

States were shown in the
graphic on page 1, using
different shades of grey
for stable, progressive and
death states. These were
not labeled on pages 2 &
3, with the expectation that
this would be remembered
from the page before. The
time-limited states at the
beginning of the model
were separated vertically
from the rest of the model,
separated by dotted lines,
and labeled separately on
each page of the graphic.

Generally, people seemed to
understand the conventions used to
label the different states, and were
easily able to carry what they had
learned about the states on page 1
over to page 2 and 3.

Costs were shown on page
3 using a greyscale colour
scale, and on page 6 using
the length of bars.

The presentation of costs over time in
SOC was thought to be useful. One
person had presented costs over time
as a graph before, but no participants
had seen them presented by state as
on page 3 or as incremental costs as
on page 6.

Costs

Two people would have liked more
detailed breakdown of costs on
page 3, so that they could see what
proportion of costs came from
radiotherapy or drugs, for example.

Table 6.4 – 2

Sub-themes for the ‘modelling’ category
(continued on following page)
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Sub-theme Representation

Notes

Quality of life

Quality of life was displayed
using utility values,
represented by shades of
grey on page 2, and with
bars representing QALYs
on page 5.

Participants 2, 3 and 4 said that they
found it difficult to judge the utility
values on page 2, although their
answers to task 3, which required
them to judge the numerical quantity
from the scale on this page were
among the most accurate. Quality
of life was generally thought to be
an important driver in many models,
which must often rely on poor quality
of life evidence.

ICER

The ICER value was not
shown in the SOC display.
This measure of how
much a QALY would cost
in the model would be
calculated from the sum of
the incremental costs and
QALYs presented on pages
5 and 6 of the SOC display,
and is an important metric
for whether an intervention
should be approved.

It was generally thought that, while
presenting the ICER value of a model
would of course be an important
starting point for considering a
model, decision-makers need to
know more about the reasons for a
low or high ICER value. Participant
1 mentioned that showing on the
graphic how the ICER was calculated
from the values on pages 5 and 6
would be useful.

Other
modeling
methods

Discounting

Model
validation

SOC was designed to display
the outputs of Markov models.
Participant 6 thought that it could be
adapted to deal with discrete event
simulation models (DES), which track
individual simulated patients rather
than whole cohorts. They said that
this method is rarely used in NICE
appraisals at the time of the interview
(2010), but could be used in future.
In cost-effectiveness
analysis in health
technology assessment,
costs and QALYs are
generally ‘discounted’,
so that they reduce over
time. This reflects the
desirable effects of delivery
and payment. The SOC
display was intended
to use non-discounted
data, for simplicity.
However, participant 6
thought that the gradual
decomposition of utility
values for those remaining
in the progressive state
(particularly visible on page
3) was probably a form of
discounting.

If SOC was used in a report,
discounting would be important,
and could easily be included in the
display.

6
6.1
6.2
6.3
6.4
6.5
Four people mentioned that the
display could be useful for the
modeler (and others) to check
that their model was behaving as
expected.
Participant 6 was very interested
to see that the simulated patients
seemed to have better quality of life
in the placebo arm for the first two
weeks of the stable state (see Figure
6.3 – 12). They thought that this could
be a model error, or indicate serious
adverse events, and would want an
explanation from the modeler.

Table 6.4 – 2

Sub-themes for the ‘modelling’ category
(continued from previous page)
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6.4.3 Interpretation
This category was used to show where participants talked about being
uncertain about the meaning of graphic representation of values, any
difficulties they had with transforming graphical elements into the numerical
values that they represented, any learning effects, the role played by memory,
and other themes relating to participants’ interpretation of the soc display.
A summary of the sub-themes for the ‘interpretation’ category is presented in
Table 6.4 – 3.
Sub-theme

Triggers for
categorisation

Notes

Uncertainty

Participants displayed this
theme by asking questions
of the interviewer (many of
which were intentionally not
answered, but noted)

Most uncertainty surrounded pages
1, 2 and 3, particularly among the
less experienced participants. As
pages 2 and 3 would be the most
unusual graphics, requiring specialist
software to produce the greyscale
data scale on the bars, it is perhaps
unsurprising that these produced
some uncertainty. The participants
only had five minutes to familiarise
themselves with an unfamiliar display
over 6 pages, so this could be
thought of as a reasonable, but not
alarming, level of uncertainty.

Transformation

This theme was marked
where participants had
difficulties in transforming
visual elements into
numerical values.

Difficulties were again centred on
the first three pages, perhaps giving
more detail on the uncertainty of
participants using these displays.
Three different participants
expressed difficulties in one of:
• transforming bar length to
numbers
• comparing shades
• considering bar length and
shading together

Learning

Orientation

Shown by participants
talking about their
unfamiliarity with the new
graphic

Participants 1 and 2 both mentioned
that, as they had not seen anything
quite like this before, they would
take a little while to get used to
it. They thought that, if the SOC
displays became more commonly
used, they would be able to use
them more quickly and easily.

Three people mentioned
that they were not used to
seeing time presented on
a horizontal axis. They all
physically turned page 1
sideways, so that time ran
from left to right rather than
top to bottom.

While the initial development version
of SOC (shown in Figure 6.1 – 6) did
show time running horizontally, It
seemed easier to label the graphic
on a portrait oriented page. This
was particularly useful for labelling
the time-limited states in the first
few weeks, which would otherwise
have been challenging to show
with English text (although this may
not be such a problem in top-tobottom languages like Japanese and
Chinese).

Table 6.4 – 3

Sub-themes for the ‘interpretation’ category
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6.4.4 Actions
The video recording method used in these interviews allows for some
simple observational data to be recorded. This can be valuable, as it can give
indications of behaviour that participants are not necessarily vocalising, such
as needing to look closely at particular graphics, or using their hands to help
them to ‘read’ a graphic.
A summary of the sub-themes for the ‘observation’ category is presented in
Table 6.4 – 4.
Sub-theme

Triggers for
categorisation

Notes

Focussing aids

Participants displayed
this behaviour by placing
fingers or pens on the
page.

Four of participants used fingers
or other objects to trace between
the week number makers and
the corresponding bars on the
displays. With so many cycles, this
was difficult to represent clearly. A
better method for showing which
cycle was which might be useful
for completing tasks like the ones
used in this evaluation. However,
the SOC graphic would in practice
be intended to give an overview of a
model, so this may not be necessary.

Angling

This theme was noted
where people had to
change their position, for
example to see if their
viewing angle affected their
interpretation of the display.

Participants 2 and 3 both displayed
this behavior while using page 2
(state occupancy with shading for
utilities). They were the only two
tested in one particular room, which
was the only room used with no
natural light.
It is likely that their position in
relation the lights in the room caused
reflections on the laser toner printed
onto the page, making it difficult for
them to see the subtle shading of
the display on page 2.

Peering

This theme represents
people looking closely at
the page.

Two participants looked closely at
page 2, and one at page 1. This
represents relatively few instances of
peering, especially in an information
graphic which presents so much
data. Coupled with a complete
lack of comments about sizing, this
strongly suggests that both text and
graphic were of a suitable size to be
easily legible

Table 6.4 – 4

Sub-themes for the ‘observation’ category
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6.4.5 Design
Any other information which might inform the design and application of soc
graphics was included in this category. The interviewees themselves probably
did not have any design training, and therefore can not be expected to be able
to offer design critique. However, their responses to the graphic, how they used
it, and how they think of it being used can give valuable information in terms
of how to design socs in future.
A summary of the sub-themes for the ‘design’ category is presented in Table
6.4 – 5.
Sub-theme

Notes

Production

The process of producing these graphics was not mentioned often
in the interviews. The prototype was designed using Processing
and Illustrator, neither of which is widely used in technology
assessment teams in the UK. To produce SOC displays in this
way, trained information designers would be needed, either within
technology assessment teams, or centrally at decision-making
bodies such as NICE. Alternatively, spreadsheet software like Excel
or Open Office could be used to produce rudimentary versions
of pages 1,4, 5 and 6 of the graphic, but with less sophisticated
labelling. Pages 2 and 3 would, however, be impossible to produce
using the standard charts available in the current versions of these
programs, as no option exists for using colour scales on bar charts.
A third option would be to produce custom-built software, perhaps
a plug-in for the widely-used Excel spreadsheet software.

Media

As in the GOfER tests in chapter 3.5, there were references in
the SOC test to the media used to distribute reports. This time,
the comments largely focussed on the lack of colour used in the
graphic, rather on the possibilities for interactivity. Participants 2
and 3 mentioned that they would like to have colour, rather than
monochrome scales on pages 2 and 3. This is perhaps surprising,
as these pages required only a single-dimensional scale, which
can be adequately represented using shades of grey. Colour might
be used for categorical distinction, however, to help to distinguish
between states or model arms. This might be necessary in more
complex models.

Detail

Suggestions

When designing information graphics, getting the right level of
detail is always important. Showing too much can be confusing,
whereas too little could miss crucial subtleties. The balance
seemed to be about right in this graphic, with two people
mentioning that page 2 might have too much information, and one
of these thinking that more would be needed on page 3.
Participant 4 suggested that better directional labeling would
be useful on the incremental displays (4, 5 and 6). They also
suggested showing incremental costs, as discussed in Chapter
6.3 1.11.
Participants 2 and 5 suggested labeling parts of the cost display
(on page 3) with total values, as discussed in Chapter 6.3.1.11.
For responses to these suggestions, see Chapter 6.4.5.

Table 6.4 – 5

Sub-themes for the ‘design’ category
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6.5 Conclusions
6.5.1 Statement of findings
Overall, the tasks were completed successfully, and participants seemed to
have a good idea of what the unfamiliar soc display represented with little
or no help from the interviewer. This is a good indication that the design,
labelling, and textual explanation of the graphic worked successfully. The
ability of information graphics to combine text and graphical elements is
a function of information design that should not be overlooked, although
definitively proving its importance through testing such as this is challenging.
The tasks that seemed to prove the most difficult were tasks 2 and 6, which
involved judging which parts of the model produced costs. When using the
greyscale data scale on page 3, participants seemed to slightly overestimate
the importance of the shading of the bars, over their area. When using the
page 6, which showed costs using the length of bars, participants seemed to
overestimate the importance of the length of the over the number of bars.
However, the two participants that were specifically asked whether they
thought the radiotherapy state was more or less costly than the drug course
later on were quite accurate in their responses. It is challenging to know what
level of accuracy is acceptable in such tasks. As the displays are not designed to
give specific numerical values, but a general overview of the data, small errors
are probably acceptable, as long as they do not affect the general understanding
of the trends within the model. Providing both displays is probably useful, in
that it shows the information in two different ways. It might also be useful to
present the numerical values relating to the different areas of the soc displays
on pages 2, and 3. This might also be useful for pages 5 and 6.
Overall, participants seemed to be happy to use the soc display, and were
able to imagine its inclusion in published health technology assessment
outputs. However, some revisions to the graphic will be required, and some
adaptation of the technique will be necessary for displaying results of different
interventions (see Chapter 6.5.5)
As page 4 was considered be the least necessary, it could perhaps be left
out of future soc graphics. However, participants also mentioned that it
saved time for task 5. As time is severely limited for nice decision-makers to
consider technology assessment work, as reported in Chapter 3.2, it is probably
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worth the small overhead in production time to include an incremental state
occupancy display along with the other graphics.
One of the concerns that was expressed, by participant 1, is that of being
able to compare values to those in future reports. It would not be possible to
establish minimum and maximum values for future reports, so standardisation
of scales is impossible in situations like this, where a graphic might be used
for an intervention with a maximum cost of £3, or £3000, per patient. None
of the other five participants, who were asked about this potential failing of
the soc display, thought that comparing results to other interventions would
be necessary. Care should, of course, be taken to standardise the scales within
each individual report, however, if presenting multiple scenario analyses or
health interventions.
The printing of reports was mentioned in Chapter 6.4.5. It seems that currently,
the reports that decision-makers use are printed in black and white by nice.
It might be useful to check that these are of a sufficiently high quality in terms
of halftoning to be able to use shades of grey in graphics. These copies used
by decision-makers are the key consideration in whether greyscale shading
can be used in information graphics. The hta journal has low quality patternbased ‘halftone’ shades of grey in 2010 at the time of writing, but the pdf
format versions of these reports distributed on the nice website and through
the hta journal online allow for more shades of grey or colour to be used
for information graphics like soc. However, these are not as important a
consideration as the decision-makers’ reports. The front-projected displays
used at nice are also of unknown quality. As it is not uncommon for 40 or
50 people to be around the table at a nice appraisal committee meeting, the
projections of detailed graphics may, or may not be, easily visible to everyone
present.
In short, there are some relatively major barriers to the use of colour and even
greyscale shading in the nice appraisals process. If printing were controlled
by technology assessment teams, as participant 6 suggested might be likely in
future, there might be enough control over the displays to be able to use colour
or greyscale shading in hta information graphics. The teams would have to be
suitably funded to be able to provide an appropriately high quality of printing,
however.
One issue from the gofer evaluation in Chapter 5, that was again mentioned
in the soc evaluation, was the potential difficulty of seeing small differences
between values in visual, as opposed to numerical, presentations. Again, this is
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not the primary function of the graphic, and numerical values can be equally
(if not more) challenging to interpret, in different ways, as discussed in more
depth in the discussion of the gofer evaluation results, in Chapter 5.5.1. The
absolute and incremental displays of soc, may show only that values are close,
rather than exactly how close. However, the function of the soc graphic is not
to provide raw data, but to give a more detailed overview of a model than is
currently available. Showing a large effect of small incremental gains over a
long period of time could be valuable information to take from a graphic, even
if the individual cycles were indistinguishably similar in terms of shading or
length.

6.5.2 Discussion
The findings relating to the first aim of the study, to determine whether the
modellers tested had a reasonable grasp of what the display showed, were very
positive. All participants gave coherent and appropriate answers, which could
only be gained from an understanding of what the graphic represented. These
answers had a reasonable degree of accuracy, considering that the function of
the graphic was to give a general overview of the model, rather than show them
exact values.
The second aim of the study was to determine how useful the modellers
thought that soc displays would be in displaying the results of Markov
models. Most of the participants seemed to think that the graphic could
benefit both decision-makers and others involved in the technology appraisal
process at nice. It would give them an overview of how costs and qalys were
accumulated over time, which is something that is not often presented at the
moment, but could be valuable.
However, it remains to be seen how well the technique could be applied to
other models used in different reviews. As these may have more cycles or
model arms, some redesigning and adaptation may be necessary for other
decision contexts.

6.5.3 Strengths and limitations of methods
The cognitive interviewing process was again reasonably successful, with the
probing strategy proving more natural for participants than the speak-aloud
method used for the gofer interviews.
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It should be noted that more suitable displays could be designed to enable
participants to carry out the six tasks that were given. Task 2, for example,
could be answered more easily from numerical values, or a simple display that
showed aggregate data on the costs of each state over the course of the whole
model. However, the function of the soc graphic is to give an overall sense of
the origin of the model outputs displayed. The tasks are merely a way of testing
whether the display has been understood, and how accurately the participants
could read the displays.
A note of caution should be given over using tasks that ask people to transform
graphical representations back into the raw numbers from which their
proportions are derived. Take the example of task 1, in which no participant
gave the correct value of 32.7%. Every person gave round numbers, such as
30% or 35%, instead. They may, however, have been able to see that the bar that
they were mentally transforming was shorter than another that represented
34%, or longer than one that represented 31%. Tasks like this probably involve
at least two processes. First, there is the process of transforming the graphical
form into understanding. Secondly, there is a process of transforming this
understanding into a numerical quantity. In tests like this, it might be the
transformation of understanding to numbers that is at fault, rather than the
transformation of visual information to understanding, which is what the test
purports to measure.
More useful, perhaps, are the tasks that asked people to describe their
understanding of the costs on page 3, and where the greatest cost differences
lay on page 6. Even more general questions might also be useful, such as:
“explain the differences between the arms of the model?” or “what effects do
you think adopting this treatment would have?”.
This small sample of six modellers in university research departments has
useful, but limited conclusions. A revised soc graphic might be tested with
nice employees, appraisal committee members, or others involved in hta
decision-making. It might also be tested with other researchers with less
specialised knowledge of mathematical modelling.
In terms of research that might inform the development of the graphic, page
4 was the one most often mentioned as the first to be removed if necessary.
However, it might have a time-saving role, and therefore be worth including.
A set of tasks could be designed that could be completed with page 1 or page
4, and a time-based study could be designed to see if this time saving function
was empirically observable.
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Page 4 might also have the function of gradually expanding the understanding
of the participants using it, before being shown the incremental cost and
qaly pages. It would be possible to test a version with page 4 against a version
without, and see if it affected the participants’ understanding of pages 5 and 6.
The overemphasis of colour over area was an interesting, and unexpected result
of the study. Further research that asks people to judge the relative importance
of shading and area multiplicatively might be instructive in assessing the value
of information graphics which combine these two elements.
It would be potentially interesting to test a more complex model, shown using
a soc graphic. As the number of different model states increases, most of the
displays should be able to displayed in exactly the same way. However, it might
become increasingly difficult to label the states on page 1 using only shades of
grey. Time limited states might be separated out and labelled, as in the top left
of each page for the Glioma model used here. However, displaying a model
with many states showing patient history would be more challenging. It might
be possible to just use two colours, and label on the graphic itself rather than
with a key. If pdf distribution becomes more common, or colour printing is
available, these issues become much easier to deal with, however.
For displays such as this, with subtle colour scales, lighting should be carefully
considered. Natural light seemed to help some participants in this study.
However, due to uncertainties in weather conditions, such as testing on cloudy
or sunny days, or the position of the sun changing through the day, it might be
better to test with well-considered artificial light sources. These should perhaps
be placed to the side of participants, to keep light reflecting from printed
displays that have inked areas that are more glossy than the areas of blank page
surrounding them. Ideally, all participants should be tested in same position in
the same room.
Also, it seems that the vark learning preferences questionnaire has again been
unable to predict the abilities or opinions of the participants, at least in this
small sample. A learning-based approach might still be valuable, but perhaps
using different learning preference theory, such as Honey and Mumford’s
‘activists, reflectors, theorists and pragmatists’ (Honey & Mumford 1982).
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6.5.4 Implications of findings
There would be several different ways of presenting more information about
the costs on page 3 of the display. Sized pie charts could perhaps be used, as
could stacked bar charts. For sized pie charts the area would represent the total
costs of a section of the model (for example, radiotherapy). The radial sections
of each circle would show the proportion of the costs that came from, for
example, drugs administered, or costs incurred through people being hospital
inpatients (see Figure 6.5 – 1). It would be challenging to include these without
over-cluttering the display, and difficult to label the different radial sections
without using colour.
Directional labels should be included on pages 4, 5, and 6, rather than just
including this information in explanatory text. It is probably most sensible to
include them in a key, as in Figure 6.5 – 2.
A seventh page should be included, showing cumulative incremental total
costs and qalys accrued over time, in two columns. The calculation of the
icer value could be included here as well. This is shown in Figure 6.5 – 3.
If discrete event simulation became more widely used in nice hta work, it
would be possible to adapt the technique to show costs and qalys accrued
over time. The model would have to be designed to show costs and qalys
accumulated at regular time points, however.
It would also be quite possible to design a soc graphic to show scenario
analyses. As the graphic already takes quite a lot of space to display a relatively
simple model, it would probably only be sensible to show a few key scenarios.
Doing so could give a good indication of why a changed value has had a
particular effect on a model.
One thing that was not mentioned in these interviews was the possibilities
that would be provided by producing an interactive version of soc. This is
surprising, as it could be a very good way of showing scenario analyses that
would otherwise take too much space in the report. For example, once the
necessary model data had been entered into an interactive display, different
scenarios could be selected from a list, and the different soc displays studied
in turn quite quickly to see the differences in the outputs of the model. A single
model arm or incremental display could be presented alongside the same
one in a different scenario. The values for different scenarios could either be
pre-processed, or, given the current computational power readily available,
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Figure 6.5 – 1

Cost breakdowns
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Figure 6.5 – 2

Directional labels for incrememtal displays

recalculated live (which would probably require a few seconds’ wait time).
Such displays could even be linked to information on the evidence on which
the altered information was based, to give the viewer an understanding of how
likely the change in the model could be.
Finally, colour was mentioned by many participants as potentially important
for these displays. If colour printing or screen / projected presentation was
available, colour coding for categorisation would be possible on page 1. It might
alternatively be useful to colour code the different arms of a model, particularly
one with more than two arms, to make it clear which was which. This could
carry through to the incremental displays, with those bars that extended to
the left being given the corresponding colour for the arm represented by that
direction, and those extending to the right being given that arm’s colour.
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Figure 6.5 – 3

total cost:

£8.1m

Possible seventh page, showing the calculation of the ICER
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