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Abstract. This paper reports on a user evaluation with 20 older adults of a
paper-based prototype of an app for tablet computer and smartphone platforms
to support older adults in monitoring the amount of liquids they consume, to
avoid dehydration. The tablet version revealed 214 usability problems, the
smartphone version only three problems. The problems were categorized based
on previous work by Petrie and Power into four major categories of usability
problems: Physical Presentation, Content, Information Architecture and Inter-
activity. Lessons learnt and implications for the future design of mobile appli-
cations for older adults are discussed.
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1 Introduction

Dehydration is a serious health problem, especially for older adults. A four year survey
by Public Health England and the Food Standards Agency found that the average daily
non-alcoholic liquid intake of people aged 65 and above in the UK was only 1.2 L for
men and 1.3 L for women [1]. This is well below recommendations provided by the
British Nutrition Foundation (BNF) that men drink 2 L of non-alcoholic liquids per
day, and that women drink 1.6 L [2].

Dehydration can lead to extreme tiredness, poor mental performance, low blood
pressure, physical weakness, dizziness and increased risk of falls [3, 4]. Unfortunately a
lack of knowledge of which liquids are appropriate for avoiding dehydration (e.g.
whether coffee and tea are appropriate) and the failure to drink liquids late in the day (to
avoid trips to the toilet at night), means older adults are particularly prone to dehy-
dration. If left untreated, dehydration can have severe consequences, including long
hospital admission, increased morbidity and mortality rate [5].

Currently, there is much research about using “apps” on smartphones and tablet
computers to support older adults in a range of healthcare areas. For instance, older
adults can use apps to monitor their diet [6], to support themselves in engaging in
physical activities [7], to remind them to take medications [8] or to improve their
cognitive abilities [9]. These studies have shown that the use of apps can promote
positive behavior change among the older adults, leading to better health and well-being.
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However, to the best of our knowledge, no work has been undertaken on apps to support
older adults in monitoring their liquid intake.

Our preliminary work of two focus groups with a total of nine older adults showed
that they were aware of the importance of keeping hydrated. However, they had con-
cerns about drinking sufficient liquid, particularly water. The focus groups showed that
the older adults lacked knowledge about the recommended daily amount of liquid to
drink, the importance of drinking plain water, and the choice of other appropriate liquids
to keep hydrated. The focus groups also showed that the older adults were interested in
using computers and new mobile technologies such as smartphones and tablet com-
puters. Although only one participant in the focus groups currently owned a tablet
computer, the other participants saw themselves using tablet computers in the future.

On the basis of information from the focus groups and a literature review, we have
developed an app, MyDrinkApp, to support older adults in monitoring their liquid
intake, with versions for smartphones and tablet computers. A collaborative heuristic
evaluation (CHE) [10] was conducted on initial prototypes of both versions. On the
basis of that evaluation, refined versions of the app have been developed.

This paper will report the next step in the develop of MyDrinkApp, a lab-based user
evaluation of the refined prototypes using a think-aloud protocol [11].

2 Method

2.1 Participants

20 older adults participated in the evaluation, 10 women and 10 men, with a mean age
of 71 years (standard deviation: 4.7; age range 65–82 years). Six participants lived
alone, the rest lived with a partner. Two participants had a highest education level of
primary school, seven had secondary school, three had a bachelors degree, one had a
post-graduate degree, and four had professional qualifications. Nineteen participants
were retirees, one worked part-time. In addition, 16 participants were Internet users
with experience of using the Internet from 2 years to more than 20 years (mean: 12
years; standard deviation: 7.9). Twelve participants were computer users with experi-
ence of using computers from 5 months to more than 30 years (mean: 12 years;
standard deviation: 11.8). Thirteen participants were tablet computer users with
experience of using the device from 4 months to 5 years (mean: 2.9 years; standard
deviation: 1.4).

2.2 The MyDrinkApp

Paper based low-fidelity prototypes of MyDrinkApp, to support older adults in mon-
itoring their liquid intake were designed for smartphone (iPhone) and tablet computer
(iPad) platforms. The prototypes were designed using Lucidchart1 and followed
guidelines for the development of apps for older adults provided by Silva et al. [13] and

1 https://www.lucidchart.com.

User Evaluation of an App for Liquid Monitoring by Older Adults 87

https://www.lucidchart.com


Watkins et al. [19], as well as other research on use of touchscreens and mobile devices
for older adults [12, 14–16]. For the tablet computer prototype, the features consist of
the ability to set a profile, add liquid intake, view profile, view intake progress, set
reminders and read tips related to hydration. To suit the more limited context of use of
smartphones, only the adding liquid intake feature was designed.

For the iPad prototype, the font size for the text was at least 24px. For the iPhone
prototype, the font size for the text was at least 16px. The target size for button for both
prototypes was at least 1.5 cm (height) � 1.5 cm (width) each [12]. The gap in
between targets was at least 5 mm [17]. All text for both prototypes was black on a
white background. To maintain consistency, avoid confusion and reduce mental
workload, there were only one task per page [13], and numerous instructions and
messages were also given throughout the app [14]. In addition, the design of the
features for adding a liquid intake was similar in both prototypes.

To set a user profile, the user has to provide personal information such as their
weight, physical activity level, daily liquid target, email address and password. After
setting their profile, the user could update their details, if needed, at a Profile page.

To add a liquid intake, three alternative options were offered to users for evaluation.
The layout of the options is similar except for the image that represents the intake
amount. The first option used is an image of an empty bottle (see Fig. 1a), which then
fills up as the user adds liquid during the day. When the bottle is full, the daily target
liquid intake has been reached. The second option consists of a measuring jug with a
measuring scale on its side (Fig. 1b). The third option consists of six mugs, which

Fig. 1. (Clockwise from top left): (a) add intake option 1, (b) add intake option 2, and (c) add
intake option 3
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when full represent the daily intake target. To add an intake, the user taps on the “+
Add” button. and can then update their intake via two options offered to users for
evaluation. For both prototypes, the first option uses buttons (Figs. 2a and 3a). The
second option for the iPad only, uses a picker (Fig. 2b). The second option for the
iPhone, to suit the small screen, is a keypad on which the user enters the amount of
liquid directly (Fig. 3b).

There are two options to view one’s progress towards the daily liquid intake goal.
The first option is a colored list showing all liquid intakes. The second is a colored list
showing all intakes and the average amount of liquid consumed. The traffic light

Fig. 2. (From left to right): (a) add intake via buttons, and (b) add intake via picker for the iPad
prototype

Fig. 3. (From left to right): (a) add intake via buttons, and (b) add intake via keypad for the
iPhone prototype
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metaphor [15, 16] was used to represent progress, red represents 0% to 50% of the
daily target, amber represents 51% to 70%, and green represents 71% or more.

To set a reminder, the user sets the start time, end time and the interval they want to
have the reminder messages. Reminders were to help users consume enough liquid,
particularly early in the day.

Two designs option to read tips about liquid intake were offered to users for
evaluation. The first design consists of having several topics about tips on liquid
consumption. To read the tips, user taps on a topic, which brings them to a new page.
“Back” and “next” buttons are provided to navigate between pages. The second design
consists of having all the tips on one page. To read the tips, the user scrolls up and
down. The tips used in the prototypes were from reliable sources in the UK, such as the
NHS2 and BNF3 (and the source of the tip is indicated to users, to show their
reliability).

2.3 Evaluation Tasks

Twenty tasks were designed to allow evaluation of all the features of the prototypes,
including setting one’s weight and updating the liquid intake. Three of the tasks, the
add intake, view progress and read tips, included considering the different alternative
design options.

Given the number of tasks required to evaluate the prototypes and an evaluation of
a reasonable length to ask each participant to conduct, each participant performed only
four different tasks.

2.4 Procedure

The study session took place in the Interaction Labs of the Department of Computer
Science, at University of York, or at the participant’s own home if they preferred.
Participants were invited to bring a family member or friend to the session, if they
wished.

Participants were first briefed about the study and invited to ask any questions.
They then completed an informed consent form. The first author guided the participants
through the iPad prototype first, followed by the iPhone prototype (as the iPhone had
only a subset of features, and could only be used once a profile had been set up on the
iPad). Multiple breaks were given throughout each session, as the participant needed.

Participants were asked to “think aloud” as they went through the prototypes,
articulating their thoughts about what they were doing, problems they were encoun-
tering and pointing out features they liked. Each time a participant proposed a problem,
they were asked to briefly explain the problem.

For each task with different design options, participants were asked to choose
which option they prefer or they could suggest other possible designs.

2 http://www.nhs.uk/pages/home.aspx.
3 https://www.nutrition.org.uk.
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After completing the think-aloud session, participants were asked whether or not
the prototypes would be useful, whether they had any worries or concerns with the
prototypes and completed a short demographic questionnaire. Participants were then
debriefed and invited to ask any questions about the study. Participants were offered a
gift voucher worth £25 (approximately USD36) to thank them for their time and effort.

Each session was audio-recorded for later detailed analysis. Each session lasted
approximately 75 min.

2.5 Data Analysis

A list of usability problems identified in each prototype was created (views on the
design alternatives were considered separately and are not discussed in this paper).
A content analysis [18] was conducted to categorize the usability problems. The first
author conducted the first round of content analysis with an a priori set of categories,
those developed Petrie and Power [10]. However those categories were developed with
younger users and for interactive websites, so we were very open to need for new or
different categories. To ensure the reliability of the categorization, the second author
went through all the usability problems to check the categorization.

3 Results

214 usability problems were identified in the tablet computer (iPad) prototype and only
3 problems were identified in the smartphone (iPhone) prototype. Therefore only the
problems with the tablet computer prototype will be presented. These problems are
summarized in Table 1 which shows the distribution of problems into major categories
and specific categories within those major categories, the number of participants who
encountered them and the total frequency of each problem.

The four major categories from the Petrie and Power [10] categorization were
found, being Physical Presentation, Content, Information Architecture and Interactiv-
ity. Over half the usability problems (57%) were found in Interactivity category, and
over one third (35.9%) were found in Content. Less than 10% were found in Physical
Presentation or Information Architecture.

The specific categories of problems found were compared to those found by Petrie
and Power (Table 2). Petrie and Power had a total of 34 specific categories, whereas in
the current study only 17 were found. However, one of those was a category not found
by Petrie and Power, “Inconsistent interaction between elements/pages” in the Inter-
activity category.

The breakdown of usability problems into the four major categories had some
strong similarities and some differences to the Petrie and Power dataset (see Table 2).
As with the current study, Petrie and Power found over half the problems were in the
Interactivity category. The second most frequent category in both datasets was content
problems, although for Petrie and Power this only accounted for 17.0% of problems
compared to 35.9% for the current dataset. The third most frequent category in both
datasets was Physical Presentation, although in this case it accounted for more
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Table 1. Categories of usability problems identified in the tablet computer prototype with
percentage/number of users who encountered them and frequency of the problem category (f)

Category Examples Users
% (N)

f % (N)

Physical Presentation 5.1 (11)
Inappropriate
colours/patterns

the colours for the history page is a bit worrying
because my husband is colour blind (P5)

15 (3) 1.4 (3)

Text/interactive elements not
large/clear/distinct enough

It’s not clear that there are five buttons (P11) 15 (3) 1.4 (3)

Changes to
content/interactive elements
not noticed

I didn’t realize where was the next button (P7) 25 (5) 2.3 (5)

Content 35.9 (77)
Too much content when I read it I don’t know the answer (P15) 40 (8) 6.5 (14)
Content not clear enough by looking at the name are you looking into all

aspects of fluid intake … the name is not clear (P10)
50 (10) 9.3 (20)

Content not detailed enough asking for weight was a bit confusing as this app is
for monitoring liquid intake … why asking for
weight (P1)

65 (13) 13.0 (28)

Content not suitable for the
users

the image of ice … [we] shouldn’t be drinking ice
water (P17)

30 (6) 4.7 (10)

Contradictory content I don’t understand the two options because above
you talk about the cups glasses and mugs while at
the bottom you gave fluid ounces and this is
confusing (P12)

20 (4) 2.3 (5)

Information Architecture 1.8 (4)
Content not in appropriate
order

I actually don’t know where is this going … I
honestly don’t know the measurement of this mug
(P18)

20 (4) 1.8 (4)

Interactivity 57 (122)
Concerns about how to
proceed

adding a drink is confusing for the first time …
looking at it I thought that we can only use it once
(P6)

70 (14) 13.5 (29)

Labels/instructions/icons on
interactive elements not
clear

what is removing a drink … [is it] removing the
daily target (P2)

80 (16) 12.6 (27)

Excessive effort required by
user to complete a task

why do I have to press the plus button 10 times to
add 10 cups of tea in a day (P11)

55 (11) 13.0 (28)

Input format is unclear how many letters are there for the password … do
we need alphanumeric (P1)

35 (7) 3.7 (8)

Design and sequence of
interaction elements illogical

now it takes me to login and not sign up … (P13) 5 (1) 0.4 (1)

Options not logical/complete I don’t have an email address or password [so I]
couldn’t do task … I’m lost when it comes to this
(P9)

75 (15) 11.2 (24)

Interaction not as expected even this page is not asking for my weight (P20) 15 (3) 1.9 (4)
Inconsistent interaction
between elements/pages

the bottle and jugs just probe me … I didn’t know
where would I go with the bottles and jugs … that
completely threw me (P8)

5 (1) 0.4 (1)
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Table 2. Comparison between the usability problem categories proposed by Petrie and Power
[10] and those found in the current study with the tablet computer

Petrie and Power Current tablet computer

Physical presentation
13.4% 5.1%
Page does not render properly –

Poor, inappropriate color contrast Inappropriate colours/patterns
Text/interactive elements not large/clear/distinct
enough

Text/interactive elements not
large/clear/distinct enough

Page layout unclear/confusing –

Timing problems –

Key content/interactive elements, changes to
these not noticed

Changes to content/interactive elements
not noticed

“Look and feel” not consistent –

Content
17.0% 35.9%
Too much content Too much content
Content not clear enough Content not clear enough
Content not detailed enough Content not detailed enough
Content inappropriate or not relevant Content not suitable for users
Terms not defined –

Duplicated or contradictory content Contradictory content
Information architecture
8.6% 1.8%
Content not in appropriate order Content not in appropriate order
Not enough structure to the content –

Structure not clear enough –

Headings/titles unclear/confusing –

Purpose of the structures not clear
Interactivity
61.1% 57%
Lack on information on how to proceed and why
things are happening

Concerns about information on how to
proceed

Labels/instructions/icons on interactive elements
not clear

Labels/instructions/icons on interactive
elements not clear

Duplication/excessive effort required by user Excessive effort required by user
Input and input formats unclear Input formats unclear
Lack of feedback on user actions and system
progress

–

Sequence of interaction illogical Design and sequence of interaction
illogical

Options not logical/complete Options not logical/complete
Too many options –

(continued)
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problems in the Petrie and Power dataset, 13.4%, compared to only 5.1% in the current
dataset. Finally, only 1.8% of problems in the current data set were related to Infor-
mation Architecture, compared to 8.6% in the Petrie and Power dataset.

4 Discussion and Conclusions

This paper reports on the user-based evaluation with 20 older people of the prototype of
an app to support older adults in monitoring their liquid intake. The tablet computer
prototype produced 214 instances of usability problems, a disappointingly large
number. The smartphone prototype produced only three usability problems, but had a
much more limited functionality compared to the tablet computer prototype.

Both prototypes were designed following heuristics proposed by Silva et al. [13]
and Watkins et al. [19], specifically for apps for older people. However, both these sets
of heuristics were developed from reviewing the literature rather than on empirical
work with older people. It was clear from the comments made by participants and the
usability problems they encountered, that our interpretation of some of these heuristics
lead to a prototype that was not suitable for this group of older people, who were quite
typical of British people in their 60s and 70s living independently.

For example, the first heuristic proposed by Silva et al. is “Focus on one task at a
time instead of requiring the user to actively monitor two or more tasks, and clearly
indicate the name and status of the task at all times” (H1). We followed this heuristic by
only presenting one task per screen in the tablet version of app. However, a number of
the problems in our category of “Excessive effort required by user to complete a task”
related to only having one task per screen (9 problems encountered by 6 of our
participants). Participants commented that they were losing their focus in using the
prototype because the task was spread over too many screens and there were too many
clicks to get through the screens to complete a task.

Table 2. (continued)

Petrie and Power Current tablet computer

Interaction not as expected Interaction not as expected
Interactive functionality expected is missing –

Links lead to external sites/are PDFs without
warning

–

Interactive and non-interactive elements not
clearly identified

–

Interactive elements not grouped clearly/logically –

Security issues not highlighted –

Problems with choosing and validating passwords –

Error messages unhelpful –

– Inconsistent interaction between
elements/pages
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Another heuristic from Silva et al. is “Give specific and clear instructions and make
help and documentation available. Remember that it is better to prevent an error than to
recover from it” (H7). Of our excessive effort problems, 10 problems (encountered by 7
participants) were related to the effort of reading too many instructions and messages.
These participants commented that they did not need so many instructions. In pages
that required participants to read text or instructions on how to complete a task, they
would just skim the text and not read them thoroughly. This is different from the
conclusions from Hollinworth and Hwang [15] that older adults need more instructions
to successfully executive computer tasks.

These two issues mean that the majority of the 28 problems in the category of
“Excessive effort required by user to complete a task” could have been avoided if we
had put several tasks on a screen and cut down the amount of instructions. In fact, our
older participants seemed very similar to younger users, they wanted to get on with
things quickly, did not like having to navigate through a lot of screen with a lot of
clicks and only skimmed through instructions.

To provide the fundamental task of adding and removing liquid intake, we followed
Silva et al. [13] heuristic “Use simple and meaningful icons” (H33) and Watkins et al.
[19] heuristic “Use icons with symbols and text that clearly indicate the icon’s func-
tion” (R1) (see Fig. 1a–c). We also labeled our buttons with verbs as recommend by
Silva et al. “Make sure they are descriptive and use meaningful words and verbs when
requiring an action”. However, all the problems (27 problems encountered by 16
participants) in the specific category of “Labels/instructions/icons on interactive ele-
ments not clear” related to this issue. Participants often commented that the labels and
icons for the interactive elements were not obvious in their meaning and if the pro-
totypes were to be in a real system, they would need to explore by try-and-error to
figure out what each interactive element did.

In addition, there were two lessons learnt from this evaluation which did not relate
to the heuristics used. Firstly we found that when choosing between a number of
options, the older participants preferred to choose from a list than a set of buttons. This
was slightly surprising, as buttons afford selecting more clearly. However, the read-
ability of the items was clearer in a list form than as the labels on buttons, and reading
down a list may be more natural as the cognitive precursor to making a selection than
reading the labels on an array of buttons.

Secondly, one of our Interactivity categories of problems was “Concerns about how
to proceed” where 14 participants encountered a total of 29 problems. Of these, 7
problems (encountered by 7 participants) were related to the use of the picker.
Although the picker is a common input technique for touchscreen devices, the par-
ticipants in the current study found the picker difficult to use. These participants
commented that their physical abilities, such as poor vision and hand tremor, caused
them to have difficulties in controlling the picker.

The categorization of usability problems started from the set of categories devel-
oped by Petrie and Power [10], although it was expected that there would be some
considerable differences in the current set of problems, as the Petrie and Power set were
based on the evaluation of e-government websites by younger people, a different type
of application with a different user group. Nonetheless, the Petrie and Power categories
proved useful, with only one new category needed, that of “inconsistent interaction
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between elements/pages”. However, a number of the Petrie and Power categories were
not needed. Some of these were because they were irrelevant to the app under eval-
uation in this study, such as “links lead to external sites/are PDFs without warning”
(there were no external links in this app) and “problems with choosing and validating
passwords” (no passwords were used in this app). Others were problems that simply
did not appear in this particular app, although there is no reason why they might not
appear in other apps from older users (e.g. “page layout unclear/confusing”, “terms not
defined” or “too many options”).

Overall, although the tablet computer version of the app revealed a disappointing
number of usability problems, a number of interesting issues were highlighted by this
evaluation. In particular, researchers should be wary of heuristics which make broad
assumptions about the capabilities and preferences of older users. Older people are
more heterogeneous than younger people in their capabilities and possibly in their
preferences in relation to computing devices and apps. As the “baby boomer” gener-
ation ages, successive cohorts of older computer users will be more familiar with
computing conventions and in exploring how to learn to use new devices and apps.
This change can already be seen in this evaluation, with older participants only
skimming instructions and being almost over-eager to get on with their task, behaviour
usually associated with younger users. However, researchers and developers do need to
be cautious about new developments which challenge the physical capabilities of older
users. The resistance to the picker in this study is an interesting case in point.
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