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Abstract. Growing numbers of people are using their mobile phones to
respond to online surveys. As a result, survey designers face the challenge of
displaying questions and their response options and navigation elements on
small smartphone screens in a way that encourages survey completion. The
purpose of the present study was to conduct a series of systematic assessments
of how older adults using smartphones interact with different user-interface
features in online surveys. This paper shares results of three different experi-
ments. Experiment 1 compares different ways of displaying choose-one
response options. Experiment 2 compares different ways of displaying
numeric entry boxes, specifically ones used to collect currency information (e.g.,
prices, costs, salaries). Experiment 3 tests whether forward and backward
navigational buttons on a smartphone survey should be labeled with words
(previous, next) or simply indicated with arrow icons (<, >). Results indicate that
certain features such as picker-boxes that appear at the bottom of the screen (iOS
devices), fixed formatting of numeric-entry boxes, and icon navigation buttons
were problematic. They either had negative impacts on performance (response
times and/or accuracy) or only a small percentage of participants preferred these
design features when asked to compare them to the other features.

Keywords: Mobile survey design � Mobile guidelines � Older adults
Drop-downs � Currency inputs � Mobile navigation controls

1 Introduction

More and more often people are using smartphones to interact with the electronic world
[1]. In February of 2018, 77% of all U.S. adults had a smartphone and 46% of U.S.
adults over the age of 65 years old had a smartphone [1]. Where in the past people may
have waited until they were in front of their desktop PCs to conduct a search, fill out a
form, or answer a survey, adults “on the go” are increasingly using their smartphones
for such activities. While the majority of adults answer internet surveys on their PC’s
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there are some indications that responding to a survey on a smartphone is on the rise.
For example, the American Community Survey, an ongoing monthly U.S. survey, has
seen a steady increase in mobile respondents since 2011 when it was just under one
percent through today where it is just under eight percent [2]. For private-sector sur-
veys, almost one third of survey responses occur on mobile phones [3, 4]. It is likely
that adults responding to internet surveys while on mobile phones will continue to
increase over time.

At the U.S. Census Bureau, as at other survey organizations, we are interested in
developing mobile web surveys that reduce measurement error while also improving
the user experience. With the smaller screen real estate of the smartphone, the user
interface must be adapted for the smaller space. Yet, the small amount of touchable
space available on the screens of smartphones can be challenging for both survey
respondents and for developers of online surveys. Evidence suggests that mobile
surveys lead to lower response rates because respondents break off (i.e., don’t finish the
survey) as well as longer survey completion times [5, 6]. For a review on the impacts of
using mobile phones to answer online survey, see [7].

An additional challenge of creating mobile web surveys is that many different age
groups are now using smartphones [1]. While the older adult population is more
resistant to new technology generally [8] they are using smartphones in their daily lives
[9, 10] and they too need to be accommodated in the design of online surveys.

At present, there has been little empirical research on how to best design surveys on
smartphones for older adults. Current literature is typically focused on the general
population and not specifically for surveys [11, 12]. There is evidence that for touch
screens, older adults do better with larger buttons, but this study was on kiosk-type
touch screens, not on the smaller display of smartphones [13]. Within the healthcare
field, the use of mobile phones by older adults to aid in managing home health has
begun but is not fully tested for its effectiveness or usefulness [14]. In fact, there is
some evidence that the designs of the mobile health applications cause barriers to the
older adult population in terms of uptake and use [15].

It is possible that older adults may interact with smartphones differently than
younger adults. For example, research shows that accurately touching a target takes
longer for older adults than for younger adults, commonly referred to as the tradeoff
between speed and accuracy [16, 17]. In addition, as adults age, the sensory changes
with respect to touch and vision can impact what older adults are able see and touch
when interacting with a small screen that contains a variety of information [18]. Lit-
erature has shown that older adults generally have reduced vision, mobility, and certain
cognitive capacity such as memory, compared to younger adults [19–21].

The purpose of the present study was to conduct a series of systematic assessments
on a mobile phone to determine how older adults use different user-interface designs to
answer online survey questions and to identify better performing and preferred designs.
The results of these assessments could be used as guidelines for developers. Our
rationale was that if we develop guidelines for a mobile web survey interface that older
adults can successfully complete, then younger adults would do at least as well because
of their superior perceptual and motor capability. The initial impetus for the work was
based on observations made while participants used mobile phones to fill out surveys
during earlier, unrelated usability tests.
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The rest of the paper lays out the methods we used and the specifics of each of the
three experiments including hypothesis, results and conclusions.

2 Methods

In this paper we discuss results from three different experiments from a larger ongoing
research study that includes multiple experiments aimed at establishing a set of mobile
web survey guidelines for developers. For more information on this entire research
project please see [22]. Below are highlights of methods relevant to the three experi-
ments described in this paper.

2.1 Sample

We aimed to get a study sample of persons aged 60–75. We prescreened to include
only participants who had at least 12 months of experience using a smartphone under
the assumption that these participants were more typical of respondents who choose to
use mobile devices to complete online surveys than those with less experience using
smartphones. Additionally, we prescreened participants to include only individuals
who had an education of 8th grade or more, who were fluent in English, and who had
normal vision or corrected to normal with glasses or contacts. The participants were a
convenience sample recruited from senior and/or community centers in and around the
Washington DC metropolitan area between November 2016 and February 2017.

Experiment 1 was conducted with a pool of 30 participants, and Experiments 2 and
3 were conducted on a different pool of 32 respondents. Participants in each pool
reported an average of familiarity with using the smartphone of 3 on a 5-point scale
where 1 was “Not at all familiar” and 5 was “Extremely familiar.” See Table 1. We
consider significance to be at p = 0.05 or less.

2.2 Data Collection

One-on-one sessions were conducted at senior/community centers. For each session a
given participant completed between 4 to 6 experiments, only some of which are the
subject of this paper. Each experiment was run at a “station” with a different Census
Bureau staff member (i.e., test administrator (TA)) manning the station. As participants
were recruited, the first station’s TA explained the purpose of the testing, had the
subject sign a consent form, conducted the prescreening, and assigned the participant a
unique ID number. Then the participant went to the next station where another TA
worked one-on-one with the participant to complete one or two experiments. Once the
participant finished the experiment(s) at one station he/she moved to the next station
where a different TA worked with him/her on the next experiment. Each experiment
took about 10 min to complete. At the end of the session, the participant was given $40
for their time.
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The experiments were preloaded as applications (commonly referred to as apps) on
Census-owned iPhone 5S. Each station had its own iPhone. The TA opened the
experiment, entered the participant’s unique ID and based on that ID selected the
condition to administer. For each experiment, conditions were pre-assigned to IDs
using a randomized (or quasi1-randomized) order. From there, participants were handed
the iPhone with the app loaded to the correct starting location and the TA followed the
individual protocol for that experiment. This included instructing participants not to
talk aloud during the session, and to complete the survey to the best of their ability as
though they were answering the survey at home without anyone’s assistance. All three
experiments were video-recorded using QuickTime with the phone plugged into a
MacBook laptop.

3 Experiment 1: “Choose-One” Response Option Design

3.1 Designs Tested in the Experiment

Experiment 1 focused on “choose-one” questions. Survey designers have a number of
options when designing for a question with a set number of answer choices where the
user is told to choose only one answer. The most common design is a “radio button”
design where the response choices are on the same screen as the question itself, as
shown in Fig. 1. For that design users answer the question by touching the appropriate
response choice on the screen. They can change their answer by touching another
response choice. Another response-option design solution is to use an “open-text” field
as shown in Fig. 2. When a respondent answers these questions, touching the open-text
field brings up the character keyboard or numeric keypad and then the respondent can
enter the response as shown in Fig. 3. That design is typically used when the answer is
easily typed, such as a number, or when the set of answers is so large that it would be
unwieldy to place them all on the screen, such as street names.

Table 1. Participant demographics for 3 experiments

Experiment Average age
(Standard Error
(SE))

Gender
(Male/Female)

Smartphone usage [1 – Not
Familiar to 5 – Extremely familiar]
(SE)

Experiment 1
(n = 30)

68.8 (0.87) 10M/20F 3.96 (0.17)

Experiments 2
and 3 (n = 32)

70.5 (0.79) 7M/25F 3.56 (0.18)

1 Prior to collecting data, a random assignment computer algorithm was used to assign conditions for
each experiment. A few of the assignments in Experiment 1 were manually manipulated so there
were an equal number of participants assigned to each condition.
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A third design solution for choose-one questions is a “dropdown” format. Drop-
downs are often implemented when there is limited space on the screen or when there is
a long list of response options and the response options are well known, like the list of
states in the U.S. On mobile webpages, the default dropdowns display differently
depending upon the operating system. For both operating systems, the user must first
touch the dropdown field to see the choices, Fig. 4 shows what the screen looks like for
both operating systems before the user taps the response box. Figure 5 shows what
happens in the iOS when the user taps the response box: the list displays in grey at the
bottom of the screen, and is called a “picker,” Fig. 6 shows what the screen looks like
on the Android, when what is called a “spinner” opens and displays a view more
similar to a PC dropdown, with a list of choices displaying over the screen. Once a
selection is made, the answer choice appears in the dropdown field and the other
choices disappear as shown in Fig. 7. Dropdown designs are quite different from radio
button designs. With dropdowns, the user will not know the available response choices
until he or she “opens” the dropdown; with radio buttons, the user does not have to do
anything to see the answers – they are already displayed on the screen.

In Experiment 1, we compared three different designs for choose-one questions
using a 12-question survey and a between-subjects design. The three conditions were
the iOS picker (Fig. 5); the Android spinner (Fig. 6), and a radio button/keyboard
design (Figs. 1 and 2).

We hypothesized that the iOS picker design would cause more difficulties for users
as compared to the other two designs because the response options (Fig. 5) appear in
gray font at the bottom of the screen and are easily missed.

Fig. 1. Radiobuttondesign Fig. 2. Open-text
field design

Fig. 3. Open-text
field w/keypad
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3.2 Adaptation of Survey Questions with the Three Alternative Designs

A set of 12 questions on a range of topics was selected and an app was created that
displayed the 12 questions in each of the three formats described above. Participants
were randomly assigned to one of the three formats, and there were 10 participants in
each condition. Each participant completed the 12-question survey in the assigned
condition. The 12 “choose-one” questions included some with a small number of
response options (i.e., 5 or fewer) and some questions with a large number of response
options (i.e., more than 5). Some questions had familiar responses in the sense that the
respondent could probably predict the response options based on the survey question
(e.g., question about a respondent’s sex), some had ordinal responses (e.g., age cate-
gories), while other questions had response options that a respondent would probably
not know prior to reading through them. We varied the response option types to be able
to control for the type of question, in case particular types of “choose-one” questions
performed better in one design compared to another. Table 2 provides the questions
with their response option characteristics.

For the radio button/keyboard design condition, questions 2–5 and 7–12 used radio
buttons. Question 6 was an open-text field that brought up a keyboard when the
participant touched the field. The first question, date of birth, was also an open-text
field, which when touched, brought up a keypad as shown in Fig. 4 above. We used
open-text fields for those two questions because in practice, survey designers rarely, if
ever, use radio buttons for states or dates. For the iOS and Android dropdown con-
ditions, dropdowns were used for all 12 questions.

Each questionwas on a separate screenwith forward and backward navigation buttons
in afixed location at the bottomof each screen.After completing the survey, the participant
then answered a satisfaction question. The satisfaction question asked, “How easy or
difficultwas it to complete this survey?”with a rating scale from1 to 5where 1was defined
as “Very Easy” and 5 was defined as “Very difficult.” Finally, the respondent interacted
with a date of birth question using each of the designs – first the picker, then the spinner,

Fig. 4. Initial view Fig. 5. iOS picker Fig. 6. Android
spinner

Fig. 7. Final view
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and then open-text field using the number keypad. After interacting with the date of birth
questionwith the three designs, respondents answered a preference question that collected
the respondent’s design preference for that question.

3.3 Evaluation Criteria

For each condition, we measured respondent burden (operationalized as time-on-task
and the number of touches on each screen of the survey); accuracy of data entries (by
comparing any discrepancies between the entered data and data provided to a screening
paper questionnaire administered prior to the mobile phone survey); satisfaction and
preference by the responses provided within the experiment. We then compared these
measures between conditions.

We modeled time to complete at the question level using a mixed model. Modeling
at the question level increases the number of observations from 30 to 30 � 12 or 360
and allows us to account for different question characteristics. In the model, we con-
trolled for the condition, and the characteristics of the question as outlined in Table 2
above, and any interaction between condition and those characteristics. To control for
any participant effect because each participant would contribute up to 12 times (one
time for each question), we included a random effect for the participant. We also
modeled the log of time because the residuals from the first model were slightly
skewed. As a check we also modeled time with controlling for the question number
instead of the question characteristics.

We modeled the number of touches on the screen in the same manner, but without
the log transformation.

Because of an error in the app, we did not collect data for one radio
button/keyboard design participant and only partial data were saved for another par-
ticipant assigned to the Android condition. In total, we had 344 observations for each
model instead of the expected 360.

Table 2. Question and question characteristic

Questions 1–6 Questions 7–12

1. Date of birth (Familiar and >5 choices) 7. Citizen of more than one country (Familiar
and <=5 choices)

2. Age range (Ordered and >5 choices) 8. Fuel for heating home (Unique and >5
choices)

3. Sex (Familiar and <=5 choices) 9. Eyesight rating (Ordered and <=5 choices)
4. Marital status (Unique and <=5
choices)

10. Work status (Unique and >5 choices)

5. School level obtained (Ordered and >5
choices)

11. Opinion question (Ordered and <=5 choices)

6. State attended high school (Familiar
and >5 choices)

12. Preference for reporting (Unique and <=5
choices)
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We had self-reported measures of sex, age range, date of birth for month and year,
and education from the demographic information collected via a paper questionnaire at
the beginning of the one-hour session. We compared that data, which we considered
truth, to the data reported within the experimental survey. Any survey data that mat-
ched was considered accurate; and data that did not match was considered an error.
Based on that assignment, we tabulated the accuracy rate for the four questions for each
condition. We tabulated satisfaction scores for each of the three conditions. For these
analyses, we conducted a Chi-square test of independence. And, finally we tabulated
the preference data for the date of birth question. Again, because of missing data, we
only collected data from 28 participants; we were missing these data from one radio
button/keyboard condition and one Android condition.

3.4 Results

Respondent Burden as Measured by Time to Complete. The average time to
complete a question using the iOS picker condition was nearly 21 s (Standard Error
(SE) = 1.3), compared to 15 s (SE = 1.0) for the Android spinner, and 13 s (SE = 1.6)
for the radio button/keyboard entry. Modeling time to complete, we found that ques-
tions using the iOS picker design took significantly longer on average to answer than
the radio button/keyboard design (p = 0.02) while we did not find a difference in time
to complete for questions using the Android spinner design compared to the radio
button/keyboard design (p = 0.60). There were no significant interactions between the
condition and the question characteristics. When modeling the log of time, the pattern
of results was unchanged. When modeling time with the question number instead of the
question characteristics, the pattern of results was unchanged.

Respondent Burden as Measured by the Number of Touches per Screen. The
average number of touches per question for the iOS picker condition was 6.5
(SE = 0.3), compared to 3.5 (SE = 0.1) for the Android spinner, and 2.6 (SE = 0.2) for
the radio button/keyboard entry. Modeling the number of touches needed to answer the
question without any interactions, we found that questions using the iOS picker design
required significantly more touches to answer than the radio button/text design
(p < 0.01) and the Android spinner design took significantly more touches to select an
answer than the radio button/keyboard design (p < 0.01). However, when interaction
terms between the condition and the question characteristics were added, there was a
significant interaction between the conditions and question characteristics (p < .01).
The effect of the iOS picker design on the number of touches per question was par-
ticularly large for questions that had many response options.

Accuracy of Responses by Condition. We found no significant differences in accurate
reporting by condition. The accuracy rate for all 28 participants was 100% for each
condition for the sex question and the age range question. For date of birth, the accuracy
rate was 100% for the radio button/keyboard design; 89% for the iOS design and 78% for
the Android design. The iOS and Android conditions had 100% accuracy for education,
but the radio button design’s accuracy rate was 67% for that field. Even with these
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differences, therewas no significant difference in accuracy rates for date of birth (v2 = 2.3,
p = 0.3, n = 27) or education (v2 =7.1, p = 0.1, n = 28) by condition.

Satisfaction Scores by Condition and Response Option Preference. Satisfaction
was measured on a 5-point scale where 1 was very easy and 5 was very difficult. The
average satisfaction score was 1.3 (SE = 0.3) for the iOS picker; 1.1 (SE = 0.1) for the
Android spinner; and 1.0 (SE = 0) for the radio button/keyboard design. We found no
differences in satisfaction scores by condition (v2 = 3.98, p = 0.4) and with the
exception of one participant who rated the iOS picker as difficult, the participants found
the designs easy to use. However, once participants were able to use each of the
designs, they overwhelmingly preferred the keypad design for the date of birth ques-
tion, with 22 of the 28 participants selecting only that design as their preferred response
option design. Their preference was not based on the design they used during the main
portion of the experiment (v2 = 3.1, p = 0.8).

4 Experiment 2: Layout of Currency Fields

4.1 Designs Tested in the Experiment

In Experiment 2 we investigate alignment and formatting of currency fields on mobile
devices. Surveys that ask for monetary information and online banking apps vary in
both of these aspects. Part of this research was inspired by what we had seen when
respondents were answering questions that included monetary amounts on the Amer-
ican Community Survey. During usability studies participants attempted to add in the
dollar sign and decimal place even though it already appeared on the screen.

Fig. 8. Right alignment Fig. 9. Left alignment Fig. 10. Center alignment
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One aspect of response options for currency data is ‘alignment’ – that is, where in
the response field the numbers appear once the respondent begins entering the numbers.
For this study, we chose three variations in alignment to test. First is what we call right
alignment, where currency data are entered into a response field with the numbers
coming in on the right, like the numbers on most calculator displays. See Fig. 8.
Second is what we call left alignment where the numbers representing currency
amounts are treated more like text, coming in from the left. See Fig. 9. Third is what
we called center alignment where the field itself gets longer or shorter based on the
number of digits the respondent enters, such as on apps like Cash© or Paypal©. See
Fig. 10 for an example of center alignment. Our hypothesis was that left-alignment
would not perform as well as the other alignment types because in earlier usability
studies we had noticed users miss the cents display when currency was left-aligned.

Another aspect of the response option for currency data is “formatting” by which
we mean the way the currency cues (e.g., dollar sign and cents, including the decimal
point) are displayed on the screen, either fixed and always present on the screen or
where the application itself is programmed to react to the users’ data entry.

We examined three different alternatives for formatting of currency fields. First is
what we called the fixed formatting, when the dollar and cents symbols are fixed in
place and always present in the field. See Fig. 11. Second is what we call post-entry
formatting where formatting occurs only after the user has entered the number in the
field; this is indicated when the respondent taps “Done” on the keypad. At that point,
the program rounds to the nearest dollar and enters (.00) and ($) into the field. In
Fig. 12, the amount in the field at the top of the screen is what was shown after the
participant selected “Done,” and the amount in the field at the bottom is what was
shown as the participant touches the numbers on the keypad, prior to selecting “Done.”

Fig. 11. Fixed ($) and (.00)
permanently on screen

Fig. 12. Post-entry formatting
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And finally the third formatting type is what we called automatic formatting where a
dollar sign and/or the cents symbol automatically appear in real time as the user enters
the currency numbers. (Note, there is no figure image example of this as it would have
to be a video.)

Our hypothesis was that the fixed formatted design would cause more problems for
users. The rationale for this was that we had noticed in earlier usability testing studies
that respondents often fail to notice the static dollar sign and decimal place for cents
and consequently attempted to add that data in. The alternate designs that we tested
used some form of automatic or real time formatting that we hypothesized respondents
would notice more readily.

4.2 Adaptation of Survey Questions with Alternative Alignment
and Formatting of Monetary Fields

The two design elements (alignment and formatting) each had three versions, and we
fully crossed them in a 3-by-3 design We chose questions for this experiment that are
asked in the American Community Survey.

The five questions included the following:

• Cost of real estate property taxes;
• Cost of the lot and house;
• Cost of electricity for the previous month;
• Annual cost of water and sewer for the house and
• Cost of the gross annual income.

Using a within-subjects design, participants were presented with all nine conditions
in counterbalanced and randomized order. See Table 3.

Each condition required that the participant enter currency forfivequestions (for a total
of 45 trials). Each condition had the same five questions and for each condition the five
questions appeared on the same screen. This required the participant to scroll to answer all
five questions. For example, Fig. 8 above shows the first three questions in Condition 5
(e.g., rightalignmentwithpost-entry formattingof the ($)and (.00)).Figure 11on theother
hand shows thefirst three questions inCondition 1 (e.g., left alignment,fixed formatting).
The fourth and fifth question require scrolling and so are below the fold of the screen.

Table 3. Experiment 2 properties of each condition

Condition Alignment Format of ($) and (.00) # of questions on screen

1 Left Fixed 5
2 Right Fixed 5
3 Center Fixed 5
4 Left Post entry 5
5 Right Post entry 5
6 Center Post entry 5
7 Left Automatic 5
8 Right Automatic 5
9 Center Automatic 5
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For each condition participants were provided identical pieces of paper, mocked up
as an actual bill, with the exact amounts to be entered for each question. The amounts
were formatted with common features such as commas, cents, and dollar signs.
Regardless of condition, the keyboard that popped open allowed users to manually
enter the numbers and period but not the dollar sign or commas.

4.3 Evaluation Criteria

Following each condition, participants rated the ease of entering currency using a
5-point Likert scale where 1 was “very easy” and 5 was “very difficult.” Finally, the
participant was asked which of the three different types of formatting (fixed, post-entry,
auto-formatting) they preferred. We examined the difference in satisfaction, accuracy,
and respondent burden as measured by time-on-task, accuracy, satisfaction and sub-
jective preference for participants on the currency data tasks for each condition.

A repeated measures ANOVA (2X2) was conducted in SAS©. There were two
Generalized Linear Models. We modeled the log of time controlling for currency
formatting (fixed, post-entry, auto-formatting) and currency alignment (left, right,
center). We modeled total accuracy controlling for currency formatting (fixed,
post-entry, auto-formatting) and currency alignment (left, right, center).2

Chi-square tests were used to determine differences in difficulty ratings between the
nine conditions and differences in preference between currency formatting (fixed,
post-entry, and auto-formatting).

4.4 Results

Time (Efficiency). Modeling the log time to complete, we found no main effect of
currency formatting (fixed, post-entry, auto-formatting) on time per page (F(2, 30) = .85,
p > .05) and no main effect of currency alignment type (left, right, or center) on time per
page (F(2, 30) = .17, p > .05).

Accuracy (Effectiveness). A repeated measures model was used to determine if total
accuracy per page is influenced by currency formatting and currency alignment. Each
condition had five questions and a score of 1 was given to the correct responses. To
calculate the variable total accuracy, we calculated a sum value for the five questions
per page. A perfect score per page would have a score of five. Total accuracy for fixed
entry was M = 4.06, SE = .17; total accuracy for post-entry was M = 4.57, SE = .17;
and total accuracy for auto-formatting was M = 4.26, SE = .17.
Comparison tests (Tukey) reveal a significant difference between fixed entry and
post-entry groups only (difference between means = .51, p < .05). This suggests that
there was a difference in total accuracy between the groups—entering numeric data for
post-entry resulted in higher accuracy compared to fixed formatting. There was no
difference between fixed entry and auto-formatting or between post-entry and
auto-formatting.

2 We checked for significant interactions and found none, so we use a main effects model.
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Results reveal a main effect of currency alignment type (left, right, or center) on
total accuracy per page (F(2, 30) = 3.99, p < .05). Total accuracy per page for left
alignment was M = 4.46, SE = .17, total accuracy per page for right alignment was
M = 4.05, SE = .17, and total accuracy per page for center alignment was M = 4.41,
SE = .17. Comparison tests (Tukey) reveal a significant difference between left and
right alignment (difference between means = .41, p < .05) only but no significant
difference between left and center alignment, or right and center alignment.

Difficulty Rating (Satisfaction). Two chi-square tests were used to determine an
optimal currency formatting (fixed, post-entry, auto-formatting) and currency align-
ment type (left, right, center). Chi-square results reveal no difference in satisfaction
ratings between currency formatting (v2(4) = .67, p > .05). Chi-square results also
reveal no difference in satisfaction ratings between currency alignment types
(v2(4) = 1.6, p > .05). There were no ratings lower than 3, suggesting that overall,
participants did not find the task too difficult.

Preference. A chi-square test was conducted to determine if there was a significant
difference in participant’s subjective preference between currency formatting only. The
chi-square was not significant (v2(2) = 5.6, p = .06). Four participants preferred fixed
entry compared to 14 for post-entry and 12 for auto-formatting.

5 Experiment 3: Forward and Backward Navigation Buttons

5.1 Designs Tested in the Experiment

Experiment 3 focused on navigation buttons. Forward and backward navigation but-
tons are a necessity in the design of online mobile surveys. These buttons are what
allow respondents to move to the next page and progress through a survey or move
back to a previous page to fix a mistake on a question they have already answered. Due
to the importance of forward and backward navigation on the successful completion of
a mobile web survey, it is imperative that the function of these buttons is clear. Due to
the limited screen size on mobile devices, buttons are often labeled with icons rather
than text labels because they can be smaller and take up less space. However, this
practice has the potential to make the function of these buttons ambiguous to popu-
lations not familiar with them.

In a study by [23], they tested the success of novice computer users in initially
learning to use an end user application program on a desktop computer over the course
of two 90 min sessions separated by one week to test knowledge retention. The
interfaces for this application implemented buttons labeled with only icons, only text,
or a combination of icons with text. The icon-only labeled buttons performed the worst
out of the three interfaces in all performance measures in the first session. However, by
the end of the second session, the icon-only was not significantly different from the
other groups. This research suggests that buttons labeled with icons rather than text will
not be understood by total novices.
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Further, in a study by [24], they tested modern icons from mobile phones with both
younger (age 20–37) and older adults (age 65+) and found that older adults have more
problems using existing mobile device icons. It was also found that text labels help
both young and old adults to initially use icons. They suggest on the basis of their
findings that mobile device icons should be labelled at least initially, especially for
older adults.

This was a between-subjects design with a single experimental factor, navigation
button labels. This factor had two levels:

• Level 1: Labelled with text
• Level 2: Labelled with icons

Two different versions of a short five question survey were developed where the
forward and backward navigation buttons were labeled using one of these two meth-
ods. In the text labelled condition, the forward button was labelled with “Next” and the
backward navigation was labelled with “Previous”. In the icon labelled condition, the
forward button was labelled with “>” and the backward button was labelled with “<”.
Sixteen participants completed the survey in the text labelled condition and sixteen
participants completed it in the icon labelled condition. See Figs. 13 and 14 for
examples of both labeling conditions.

5.2 Adaptation of Survey Questions

The survey questions were based on real questions that are used in government sur-
veys. Four of the questions were yes/no questions and included the following:

Fig. 13. Icon navigation
button label

Fig. 14. Text navigation
button label
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• Have you completed a secondary (high) school diploma or equivalent?
• Last week were you employed for pay at a job or business?
• During the past 12 months, did you take any work related training, such as

workshops or seminars?
• Do you have a currently active professional certificate or a state or industry license?

The fifth was a question on race and can be seen in Figs. 13 and 14.

5.3 Evaluation Criteria

The app collected behavioral measures, which included trial navigation response times,
optimal navigation deviations, and difficulty ratings. Trial navigation response times
was the length of time it took participants to find and tap the navigation buttons. The
time was recorded starting from the point that the participant tapped a response option
for each survey question and ended when they tapped any navigation button or link. In
this way we were able to isolate the time spent navigating and not the time spend
interpreting and answering the question. Deviations from an optimal navigation path
were recorded as any buttons tapped that were not the forward navigation button. The
purpose of this was to identify whether participants had difficulty interpreting the
button labels to move forward. Finally, difficulty ratings were recorded at the very end
of the survey with a short 5-point rating scale for participants to rate the difficulty of
completing the short survey from “very easy” to “very difficult.” At the very end of the
session, participants were shown both design conditions printed on a piece of paper and
asked to choose which one they would prefer to assess overall preference.

It is assumed that any differences in trial navigation response times between con-
ditions resulting from a lack of understanding of the navigational icon labeling would
disappear or decrease after the first trial due to a learning effect. Therefore, an inde-
pendent samples t-test was conducted for the response times for the first trial only and
another t-test was conducted for the average of the remaining four trials (after learning
occurs) response times. It is well known that response time data is susceptible to
skewness due to the fact that it is bounded at zero to the left side but not on the right.
There can be lapses in attention or distractions which can result in large outliers that
may reduce the power of hypothesis tests of response time means between conditions
[25]. To address this, we applied a log transform of the response time data before
conducting these analyses. Additionally, three extreme outliers were identified in the
first trial after visual inspection of the raw response time data. Video recordings from
the sessions were reviewed and it was confirmed that the three outliers in the first trial
had selected a response option, which started the timer, and then began to speak with
the TA about the content of the question instead of immediately trying to navigate to
the next question. These extreme values were excluded from the first trial t-test because
we were able to confirm that they resulted from human error.

Optimal navigation deviations were expected to be rare so this was collapsed across
all trials and whether a deviation occurred at all at any point during the survey was
simply coded as 1 or 0. Due to the low expected values, the assumptions for a
Chi-squared test could not be met and a Fisher’s exact test was conducted instead.

A Chi-squared test was conducted for satisfaction ratings and overall preference.
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5.4 Results

First Trial Completion Time (Efficiency). An independent sample unequal variances
t-test was conducted to identify any significant differences between labeling conditions
on the time it took to navigate forward after the first survey question. The results of this
test found that the icon condition (M = 4.16, SE = 1.17) was significantly slower to
navigate forward than the text condition (M = 1.53, SE = 0.16) after selecting a
response option when participants saw the navigation button for the first time;
t(16.42) = 2.43, p < .05. See Fig. 15.

Average Trial Completion Time (Efficiency). An independent sample t-test was
conducted to identify any significant differences between labeling conditions for the
mean time it took to navigate forward after a response option was selected. The results
of this t-test found that there was not a significant difference between the icon
(M = 1.76, SE = 0.27) and text (M = 1.36, SE = 0.11) conditions in the average time it
took to navigate forward after selecting a response option; t(30) = −0.05, p > .05. See
Fig. 16.

Optimal Navigation Deviations (Effectiveness). A Fisher’s exact test was conducted
to identify whether the number of participants who tapped an incorrect button to
navigate forward differed significantly between label conditions. The results of the
Fisher’s exact test found that there was not a significant difference between groups
(p > .05) for optimal navigation deviations. There were no deviations at all in the
text-labeled group and there were two deviations in the icon-labeled group.
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Fig. 15. Scatterplot split by labeling conditions of the raw response times for the first survey
question.
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Satisfaction (Satisfaction). A Chi-squared test was conducted to determine whether
difficulty ratings were significantly different between labeling conditions. The results of
this test did not yield any significant differences (v2(2) = 1.04, p > .05). Difficulty
ratings were virtually identical between groups with almost all participants reporting a
rating of 1 (very easy).

Overall Preference (Satisfaction). A Chi-squared test was conducted to determine
whether there was a significant difference between proportion of participants that
preferred one labeling design of the other. The participants were shown both designs
and were asked to choose which one they would prefer to use in a survey or
both/neither. The results of the Chi-squared test found that a significant number of the
older adults preferred the text labeled navigation buttons (v2(2) = 19.75, p < .001).
Almost 70% of the 32 participants preferred the text labeled navigation buttons
compared with just over 20% that preferred the icons.

6 Overall Discussion and Implications for Future Research

The basis of this research was to learn more about how to design mobile surveys for
older adults. For the first experiment, the data suggest that the iOS picker took longer
and was preferred less than the other designs, which supports the hypothesis. We
observed a significant increase in respondent burden as measured by time-on-task and
by number of touches to the screen for the iOS picker design compared with a radio
button/keyboard design. There were a high number of touches per question on ques-
tions with many response options when using the iOS picker. This finding matched our
observation that the wheel at the bottom of the screen went fast and a lot of participant
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Fig. 16. Scatterplot split by labeling condition showing the mean navigation response times
excluding the first trial.
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manipulation was needed to select from long lists such as months, days, years, and
states. When asked to compare three different designs, participants overwhelming
selected the keypad entry design as the preferred mode to enter date of birth. Thus we
recommend designers avoid using the default iOS picker design for response options
and instead opt for the Android spinner style or the radio button/keyboard design. To
accomplish this for iOS systems, developers will need to implement additional pro-
gramming to override the default iOS design. For date of birth, a common survey
question, a keypad is preferred over dropdowns for this user group.

In the second experiment we observed that left-aligned currency resulted in higher
accuracy which did not match the hypothesis. The data also suggest that currency
formatting was least effective when it appeared as fixed format, which is in line with
our hypotheses. Currently at the Census Bureau the fixed formatting is used in many
online surveys because auto-formatting will not work if the respondent has JavaScript
turned off. This will be something that should be investigated as more tools are
developed and programming for web-based surveys evolve.

Finally, in the third experiment the hypothesis that the navigation button labeled
with text words would outperform the button labeled with only an icon was supported
by the data. We recommend always labeling the forward and backward navigation
buttons using text rather than icons for older adults. It was found that older populations
may not be as familiar with the functionality associated with common internet UI
elements such as the forward and backward arrow icons. The icon labeled buttons were
simply ambiguous to some participants upon their first encounter with them as was
seen by the longer response times on the first survey question and errors that only
occurred when an icon was present versus a text label.

In contrast to some of the literature on healthcare and older adults that show the use
of apps and mobile phones to cause barriers to older adults, [15], this work shows that
older adults are able to answer survey questions on a mobile phone and that some
designs outperform others. This work is in line with the general conclusion that found
that older adults are interested and able to learn how to use mobile phones in their daily
lives and that improvements to the design will aid in their performance [26]. Designers
should take these recommendations into consideration when optimizing survey
response choices for mobile phone and older adults. Future work should look at
comparing how young and middle aged adults perform on these same tasks to see if
there are any differences.
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