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ABSTRACT

This book is an account of how I addressed the need for a smartphone app that would allow some-
one with Type 1 diabetes to self-manage their condition.

Its presentation highlights the major features of the app’s interface design. They include the
selection of metaphors appropriate to a user’s need to form a mental model of the app; the impor-
tance of visible context; the benefits of consistency; and considerations of a user’s cognitive and
perceptual abilities. The latter is a key feature of the book.

But the book is also about the design process, and especially about the valuable contributions
made by the many focus group meetings in which design ideas were first presented to people with
Type 1 diabetes. Their critique, and sometimes their rejection, of interface ideas were crucial to the
development of the app.

I hope this book will prove useful for teaching and design guidance.

KEYWORDS

App UX design, user interaction, diabetes, app usability, mental model, perception and cognition,

requirements
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Terminology

In the following pages we explain some of the terminology that may not be familiar to the reader.

They include:
Affordance

Mental models
Metaphors
Dialogues

Exploration

I hope they are useful. I should stress that the rest of the book does not assume that these
explanations have been read or understood.




Affordance

FAMILIARITY

Throughout this book the concept of “affordance” is all-pervading, so it is
essential to clarify what the term means. Fortunately, this is an easy task, be-
cause it is a term that is used quite naturally in conversation. Here are three

examples:

* “That door affords (i.e., allows, facilitates) entry to a café.”
* “The app must afford (i.e., support) the choice of a favourite meal.”

* “The next traffic circle affords access to two motorways.”

Let’s choose a real example, the door shown in Figure A. A glance at
the door, and especially at the vertical plate on its right-hand side, suggests
that the door affords opening by pushing on that plate. That glance, together
with the assumption about the vertical plate, has identified the door’s per-
ceived affordance. If we push on that plate and the door opens, we discover
its actual affordance.

Why do we introduce two definitions of affordance? Because we want
them to be identical, and that is what a designer—in this case of doors—must
try to achieve. Figure B shows another door, whose perceived affordance is
that one must pull the door open. Only by testing will we know if that is also
the actual affordance.

A situation that really will cause confusion is shown in Figure C.

Deploying an Affordance

To reach the café behind the door in Figure A, that door’s affordance must
be deployed (i.c., activated, engaged) by some action on the part of the user.
For that particular door, the required action is signified by the vertical plate,

which is quite reasonably called a signifier.
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Figure A: This
door apparently
affords opening
by pushing on
the vertical plate.

Figure B: This
door apparently
affords opening

by pulling on the
handle.




There are many forms that a signifier can take: examples include the
vertical plate seen in Figure A and, in the digital domain, familiar icons. In
many cases, the design of those icons may not be easy, since their purpose is

to ensure that they are correctly interpreted by a user.

Signifiers: Do we need them?

But a reasonable question that an interface designer might ask is “should an
affordance be accompanied by a signifier?” That question is well illustrated by

Figure D, part of a collection of photographs. That presentation may well offer

more than one affordance, each deployed by a different user action: horizontal

scroll, vertical scroll, mouse click, mouse double-click, continuous mouse-

down, and so on. If a visible signifier were to be assigned to all those actions L2 (Co 2 gy

. ) confusing situa-
the display would become unacceptably crowded: and that may be the prin- &
. e . iRt . . tion!

cipal reason justifying their absence. Thus, the implicit assumption behind

an absence of signifiers may be an interface designer’s view that, through

training, exploration, friendly advice, or other means, a user will quickly become familiar with the
various affordances and not need to interpret signi-

fiers. Not an easy design decision!

Figure D: Many affordances but

an absence of signifiers.



Mental Models and Metaphors

Much is written about mental models, but mostly one is left with the feeling that they are dif-
ficult to understand—ephemeral almost. Fortunately, nothing less than a concise definition has

been provided by Jacob Neilsen of the Neilsen Norman consulting group:
Mental model: what a user believes they know about a user interface.

Thus, a mental model is based upon belief, not facts. We also note that, as the user gains
experience of an interface, their mental model will be updated, and often quite frequently. In

other words, a mental model will continually be in a state of flux.

Familiarity

Since an app of any complexity will offer many possible interactions, the truly enormous chal-
lenge presented to a user-interface designer is now apparent. How can we help a user to form a
belief—and preferably a very simple one—about how an app works? An answer is suggested by
the term “familiarity”. If the property of an interface can be related to something simple and fa-
miliar—and often physical—then that property of the interface may be more easily remembered.

That “something” can be called a “metaphor”.

Two Examples

Two illustrative examples of useful metaphors can be taken from the Chapter 4. The first is
shown in Figure E: a strip of paper pulled back around two uprights so that all of the paper strip
can still be seen. A digital embodiment of that metaphor is in fact used in Chapter 4 to provide a
diary for the app user, simply by showing successive days on the “strip of paper”. Once explained,
not easily forgotten.

'The second example—a horizontal stack of transparent vertical plates—is shown in Figure
F. On each plate there is a rectangular non-transparent region so sized and positioned that, irre-
spective of which plate is at the front, no region will ever be totally hidden from view. A digital
embodiment simply assigns four important personal attributes (Food, Exercise, etc.) to the four
regions, and allows any plate, together with its region, to be brought to “the front” while main-

taining the valuable context of the remaining regions.

xxi
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Figure E: A user can see all the paper

strip, albeit with some parts distorted.

Fogy

e

Figure F: A horizontal stack of transparent
vertical plates, each containing a non-transparent
colored region.
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Dialogue

Conversation

When two people engage in a conversation, we say that a dialogue is taking place. That dialogue
is usually quite complex, containing an unordered, frequently interrupted, and often uncompleted
collection of questions, statements, answers, and opinions as well as utterances (e.g., Hmmm,
Wow!) of many kinds together with a variety of facial and hand gestures. A documented record

of most conversations would make little sense.

Interaction with a Computer

There is no place for such an unstructured dialog between human beings and computers. Never-
theless, even a carefully designed software system can benefit from a check to see if any features
could cause a user to experience less than a smooth dialogue. Thus, while there is plenty of
guidance regarding interface design, useful checks can instead draw the designer’s attention to
situations that must be avoided. Below is a list of some situations that should be checked: a more

comprehensive list with more extensive discussion can be found in Elmqpyist et al. (2011) and

within this book (Chapters 5 and 13).

Checks

* Avoid situations in which a user might not notice a
change in what has been displayed, a situation that

is far more common than expected. Try identifying

the difference between the two images at right, for
example. A typical way of ensuring that Change
Blindness' as it is called does not disrupt a dialogue
is to ensure that most if not all visual changes are
“fluid”, ensured by animation of some kind. A dura-

tion of about 300 msec is suggested.

1 See Rensink et al. (1997).



XXiv

Ensure that a visual change happens after every interaction, employing a visual “shud-

der” if no change is permitted.

Ensure that the location of a touch is identical to that of the corresponding visual

change. Interactions should be integrated with the visual representation

Ensure that interaction “never ends”. There should be no “dead ends” beyond which

interaction cannot proceed.

To minimize navigational difficulties, provide visual context showing available tran-

sitions.

Ensure that there is an immediate response to every user action.

'Those are just some of the useful checks that can be made.



Exploration

Curiosity

Curiosity can take many different forms. From the simple “how much would it cost to borrow
£1000?” to the far more challenging “if income tax is raised by 1% what effect, if any, will it have
on unemployment?” These and similar questions imply that something might be changed, and it

is the result of that change that is of interest.

Exploration

Some of the questions regarding change will have specific values in mind. Thus, X will be
changed from 3 to 4—what will be the change in Y? In contrast, there are many situations where
a user wants to say, “let’s vary X and see what happens to Y”. They simply want to explore the
relation between X and Y.

There are two approaches to exploration. In one, the user simply chooses, often arbitrarily,
a value of X, waits for Y to be calculated, then chooses a different value for X, and so on. The
drawback of this approach to exploration is that the user will have difficulty in remembering the
X,Y pairs that have been generated, especially if the underlying calculation takes more than a

few seconds.

Dynamic Exploration

The second approach depends upon being able to perform the calculation of Y, given the value
of X, in less than about 1 sec, allowing the user to vary X continuously while observing the cor-
responding values of Y. Such dynamic exploration, in which X is smoothly and manually varied,
provides the user with a profoundly different experience: within a few seconds they can form a
mental model of the relation between X and Y.

Predictions

The effectiveness of dynamic exploration requires the calculation of Y within less than a second
after X has been specified. If, conventionally, that calculation cannot be carried out so quickly,

the enormous benefit that accrues from dynamic exploration nevertheless serves as strong en-
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couragement to find a faster means of calculation. Sometimes that will not be possible, and the

benefit cannot be achieved. But in many cases, it can—read on!

Example

A good example of the benefit of dynamic exploration is provided by the app whose development
is the subject of this book. A user with Type-1 diabetes is constantly aware that their blood glu-
cose level (the Y of the calculation mentioned above) must be kept within safe levels, and that
it is significantly affected by the carbohydrate value (X) of any meal they consume. Fortunately,
for any carbohydrate value, the corresponding blood glucose variation over the next hour or so
can be predicted with acceptable confidence. The user will be able, very quickly, to “home in” on
a desired approximate range of carbohydrate values which can then be translated flexibly to a

meal of interest.
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Chapter Summaries

Introduction This chapter describes the background of the project for which the
app design described in this book was created.

Requirements In this chapter, I look at how we proceed from the original vision
regarding an app fo decisions about what activities of the intended user should be
supported. A potentially useful and very simple concept in such a development is
that of affordance.

Structure and layout ‘Ihe requirements identified in Chapter 2 are examined
to identify any structure that would benefit design decisions. As a result, a pro-

posal is made regarding the overall general appearance of the smartphone app.

Interface metaphors In this chapter we describe two metaphors on which
the interface design is based. The main criterion for selecting those metaphors
00

was their ability to help the user form an easily deployed mental model of the
interface.

Dialogue Use of the app will involve the user in several separate interactions,
often by touch. While it is essential that each individual interaction should be
designed with care, it is also necessary to consider the collection of interactions
as a rich dialogue between user and app. Design considerations exist that relate
to single interactions, and these are discussed with respect to the Diary and the
stack” of personal regions. Design issues associated with the human visual system

and cognition are discussed.

Data entry The Food affordance comprises seven sub-affordances, one of which

(‘tard”) allows a user to enter the carbohydrate value of a chosen meal and the Food
time of its intended consumption. In this chapter we design the appropriate icon -
(‘Signifier”) in the Food region that allows this activity to be initiated as well

as the tool that is provided to allow those entries to be made.
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CHAPTER SUMMARIES

Exploration It is extremely helpful if a user can manually and smoothly vary
a carb value and immediately see the effect on predicted blood glucose level over
the next hour or so, together with a recommended insulin dose. Such an activity
is called “dynamic exploration” and is made possible by our ability, based on

explore
machine learning, to make such a prediction.

Favourites We are all creatures of habit, well illustrated by an individual’s
collection of favourite meals. A user should therefore have easy access to such a col-
lection, and a subordinate affordance “Favourites” provides such access: that access
is provided through the convenience of a personalised scrollable menu of favourite

meals.

Photograph As use of the app proceeds it is anticipated that a user will wish to

make additions to their collection of favourite meals. They must therefore be

able to photograph such a meal and separately arrange for its appearance in the (]
scrollable collection of Favourites. With consistency with other sub-affordances

in mind, we design the tool for such a situation. Exercioa™

Exercise Exercise is one of the four personal affordances. Here we design the tool ’\

that permits the entry of Exercise parameters such as type (e. g sguas/y), extent
(e.g., 30 min), scheduled time (e.g., 4PM), and aerobic level.

Health Health is one of the personal affordances. We design the appearance of (i 4
its region and the tool that allows appropriate data to be entered. We also use the P
Health region to illustrate a simple way of determining what temporal data will

be presented in the Diary, an approach that generalizes to all personal regions.

Advice One essential function of the app is fo provide advice to the user. That advice
may range from regular recommendations concerning insulin doses to alerts regarding I
blood glucose levels that require urgent attention and acknowledgement. Conven-

tionally, alerts are often delivered by pop-up windows, but the rationale behind the
approach adopted here is that the users mental model would suffer from such an additional
dialogue feature and that the expected location of advice is in the Advice region and its fool.
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CHAPTER SUMMARIES xxix

Dialogue check 'The aim of an app is to support an effective and enjoyable dia-
logue. Experience has taught us, the hard way, that many undesirable features /

are exhibited by apps that fail that test. In this chapter, a published set of design
guidelines allow us to gain an impression of the quality of the app’s design.

Conclusions One can only draw subjective conclusions about the usability of an ?
app that, principally for virus considerations, has not been evaluated. Neverthe-
less, for debate, I present four subjective claims.

Reflections In this brief chapter I reflect upon the concept of affordance and the :
way it has influenced the progress of design, and suggest how the qfhm’ance

representation might beneficially be used in a physical design environment.

Colleagues I did not work alone on the interface design. I drew inspira- ®

tion and advice from a variety of people, some concerned directly with the g 0. A
project, some not. They are not included as coauthors for the simple reason A e %
that this book contains my own very personal views about interface design

that I must not attribute to others. Brief biographies of the people who

have influenced the app’s design are included here as a way of saying “thanks for a wonderful

experience.”

References
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