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Abstract. In this research, the usability of three typical menu selection oper-
ation patterns using 4-direction keys was evaluated. These patterns are often
used to set parameters and call functions in information equipment. In this
experiment, the independent variables were the key operation methods, menu
depth, number of menu items, and user age range. The dependent variables were
task execution time and number of key presses. Sixty-two people participated in
the experiment. The results show that the effect of menu depth and number of
items varies depending on the operation methods. These results will be used to
help establish ISO/IEC 17549-21.
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1 Introduction

When using information equipment such as mobile phones or digital cameras,
a 4-direction key (as shown in Fig. 1) is usually used to operate the menu selections
shown in the display area. However, there are no standards established for these
operation methods. Because new equipment now includes sophisticated and complex
functionalities, operation methods have become complicated. In this situation, the
many kinds of operation methods may confuse users. In addition, it is difficult to learn
how to operate such equipment. To address these problems, ISO/IEC 17549-2 [6] was
published in May 2015.

This paper experimentally evaluates how differences in menu patterns and
4-direction key operations affect usability. This experiment was carried out to develop
the international standard described above. The goal was to define operation method
guidelines for selection menus that use a 4-direction key.

Menu operations have often been considered a simple form of information
equipment interaction. Even in the 1970 s, it was pointed out that the relative merits of
menu design also led to operability problems. There has since been much research on
menu layout methods and the systematization of menu items [10, 13]. Some research
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has investigated the role of menu depth and breadth in information system user
interfaces [9, 12]. In addition, factors that affect the movement time and accuracy of
menu selection using a mouse have also been investigated [11].

However, as mobile technologies have continued to develop, applications have
diversified, and mobile functions have increased. In addition, most people now use
mobile devices, and the elderly in particular desire an easy-to-use interface. We
examine menu operation using the cross key, which is often implemented in infor-
mation equipment in today.

Usability is generally represented by terms such as ease of use, user-friendliness,
and high learning efficiency. In ISO 9126-1 [7], usability is defined as consisting of
Understandability, Learnability, and Operability. ISO 9241-11 [8] defines usability as
the “extent to which a product can be used by specified users to achieve specified goals
with effectiveness, efficiency, and satisfaction in a specified context of use.” Based on
these documents, the usability characteristics of the 4-direction key operation methods
are listed in Table 1.

2 Experiment for Usability of Menu Operation

The Information Technology Research and Standardization Center within the Japanese
Standard Association (JSA) performed a field survey of navigation methods of
off-the-shelf electronic equipment [5]. The survey included the following products:
cellular phones, digital cameras, digital video cameras, music players, personal digital
assistants (PDAs), game machines, printers, multiple function copiers, televisions, and
projectors. It concluded that navigation methods could be classified into six types, as
shown in Fig. 2.

– Type 1: The focus of operation moves up or down endlessly by an up-key or
down-key, respectively. It moves through a menu of the hierarchy by a right-key or
left-key, respectively.

– Type 2: The operation of a right-key or left-key switches the top menu endlessly.
The focus of operation moves up or down endlessly by an up-key or down-key,
respectively.

– Type 3: The focus of operation moves up or down and stops at the top or bottom of
the menu by an up-key or down-key, respectively. It moves among the hierarchy of
ladder menus by a right-key or left-key, respectively.

Fig. 1. Examples of 4-direction keys
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– Type 4: The focus of operation moves up or down and stops at the top or bottom of
the menu by an up-key or down-key, respectively. A right-key or left-key are used
set parameters, or to enable or disable the selected feature.

– Type 5: Key operation is the same as Type 3.
– Type 6: Key operation is the same as Type 2.

In addition, many products were found to use three of the six types.
The purpose of this experiment was to evaluate the usability of the Types 1–3

operation methods described above. The quantitative usability metrics used in this
study are listed in Table 1.

Table 1. Characteristics of usability and its metrics

Fig. 2. Overview of navigation methods

332 T. Nagami et al.



2.1 Experimental Design

Each participant was given the task of setting up a piece of equipment by selecting
menu items, as shown in Fig. 3. The display screen consisted of an issue statement,
ladder menu, and 4-direction key. A different scene appeared depending on the factor
of the experiment. The factors in this experiment were age range, type of operation
method, number of menu items, and depth of menu hierarchy.

(a) Two age ranges were used: 22–59 years and 60 + years.
(b) Three types of operation methods were selected from the six types listed above:

Types 1, 2, and 3.
(c) The number of items in a menu. Six items could be displayed at once on the menu

without scrolling. When nine items were displayed, the participant had to scroll
the menu, otherwise the target did not appear.

(d) Two levels of number of layers were tested, 3 and 5 layers, including the target item.

In this experiment, factors b, c, and d were within-subject factors.

2.2 Participants

A total of 62 people participated in this experiment. The sample consisted of 40 men
and 22 women. The number of participants for each operation condition of the device
and their age ranges are shown in Table 2.

Fig. 3. Design of simulator screen and an example of the task of Type 3

Table 2. The number of participants
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Thirty of the participants came to a sound-insulated room that was prepared for the
experiment. They used a touch panel to operate the menus.

The other 32 participated using their own PC from their home or office over the
Internet. They probably operated the menus with a mouse.

2.3 Apparatus

For the experiments in the laboratory, the experimental arrangement comprised a
6-inch touch panel display and a PC. In contrast, the experiments over the Internet
comprised a mouse, display monitor, and PC. In addition, the server communicating
with them was placed on the Internet.

We built a simulator for the tasks that worked in a Web browser, as shown in
Fig. 3. The simulator received a set of stimulation data from the management server
and transmitted a log of a participant’s operations. When the key operation event
occurred, the event was logged in milliseconds.

2.4 Stimulus

The questions and menu items were generated from data based on a survey of products
such as digital cameras. Fictitious menus relating to digital cameras, PDAs, and mobile
phones were created, as shown in Fig. 4.

A question sentence was presented that imitated a typical sentence in the operating
manual of a piece of equipment. Each sentence was constructed along the order of the
menu items until the target was reached. Ten questions for each of the fictional menus
were prepared.

The number of levels and menu items were controlled depending on the experi-
mental conditions. However, the top-level menu of each condition has only five items.
The length of shortest path to each target was controlled by the almost conditions.
A condition of the number of level of menu layer has a case where the length is
different (Fig. 5).

To measure user satisfaction, which is one of the characteristics defining usability, a
questionnaire was used. A 22-item questionnaire was prepared after reviewing the
Software Usability Measurement Inventory [1, 3, 4].

Fig. 4. Examples of questions and menu items
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The questionnaire was created based on some web usability tests, such as SUS.
Each question item is classified into four terms of the following.

Q1 to 6: Understandability of the operation system
Q7 to 11: Clarity of the menu structure
Q12 to 16: Familiarity
Q17 to 22: Visibility

2.5 Procedure

Equal numbers of participants used the three navigation methods. Each participant was
assigned 30 tasks. The order of the tasks was randomized.

First, participants were to ask practice a task twice. They then performed the actual
set of assigned tasks. The time limit for each task was set to 10 m. After all of the tasks
were complete, the participants responded to the questionnaire on the screen.

3 Results

Task execution time is the number of seconds taken to reach the goal menu item from
the start of the task. Table 3 shows the mean and standard deviation of the task
execution time for each condition.

A t-test of these mean values did not show a significant difference (t(60) = .752,
p = .45).

Fig. 5. Questionnaire for participants
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3.1 Task Execution Time for Each Condition

In the following analysis, results were statistically processed by mixing the output data
of the two types of operating device: the touch panel and the PC.

Tables 4 and 5 show the average task execution time for each condition.

An ANOVA was used to test the main effects and interactions for significance.
Significant main effects were observed for all factors (p < .01 for each). There were
significant interactions between the age ranges and menu levels (p < .01) and between
the menu levels and menu items (p < .01).

Table 3. Average and standard deviation of task execution time of all tasks

Table 4. Average task execution time in 22–59 years

Table 5. Average task execution time in 60 + years
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The main effect of the operation methods, according to a post-hoc test by Tukey’s
HSD, was the difference between Type 1 and Type 2 (p < .05).

In each interaction between the age range and menu levels, as well as the menu
levels and menu items, the simple main effects were tested. The difference between age
ranges 22–59 and 60 + was greater when the number of menu levels was five. In the
interaction of the menu levels and menu items, while the number of menu items was not
significant for a menu consisting of three levels, the task execution time of a menu with
nine items was significantly shorter than one with six items (p < .01) for five levels.

3.2 Number of Key Presses for Each Condition

Tables 6 and 7 show the average number of key presses from start to finish for each task.
Significant main effects were observed for three factors: the type of operation

method, age range, and number of menu levels. No main effect was observed for
number of menu items. There was a significant interaction between the menu levels and
menu items (p < .01).

According to a post-hoc Tukey’s HSD multiple comparison, in the main effect of
operation methods, there were significant differences between Type 1 and Type 2
(p < .01) and Type 1 and Type 3 (p < .05).

In the interaction between the menu levels and menu items, a simple main effect
was tested. A menu with six items had significantly fewer key presses than one with
nine items (p < .01) in a menu consisting of three levels. However, in a menu con-
sisting of five levels, a menu with nine items had significantly fewer key presses than
one with six items (p < .01).

Table 6. Average number of key presses in 22–59 years

Table 7. Average number of key presses in 60 + years
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3.3 Retry Frequency

A retry is when a user returns to a previous state when he/she determines that an
incorrect key operation has been made. Retry frequency is often used as a metric to
assess the clarity of the menu structure and its associated key operations.

Two definitions for a retry were possible in this experiment. One definition of retry
is that the operator backtracks through the menu hierarchy. The other definition is the
act of returning from too many of up or down operations in the menu. When navigating
up or down in a menu that appears on the screen, however, it was not possible to
distinguish whether a retry had occurred or the operator was using a particular strategy
in the case of an endless scroll. Hence, we examined only the case of returning to the
menu hierarchy. Table 8 shows the retry frequency.

Table 8. Retry frequency for each condition

(a) Aggregating by age ranges 

(b) Aggregating by types of navigation method 

Fig. 6. Plot of aggregating questionnaire
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3.4 Questionnaire

The results of the questionnaire are summarized in Fig. 6. About the questions that is a
negative form in Japanese, the value of the answers were inverted. The graphs of the
age ranges indicate the same tendencies (Fig. 6(a)), but that of the operation method
types indicate some partial differences (Fig. 6(b)). Figure 7 shows question items for
which the difference of each category by types of navigation method.

4 Conclusions

Given the task execution time, number of key presses, and retry frequency results, it is
appropriate to recommend the operation method of Type 1. Equivalently, in terms of
effectiveness and efficiency, Type 1 is the best option. In addition, it is recommended to
reduce the number of menu levels. In this study, in the same way as the results of
previous studies on the depth and breadth of the menus [9, 10, 12], the number of menu
items is less impact on the effectiveness and efficiency. For older users, the menu levels
should be made as shallow as possible because there was an interaction between the
age range and the menu hierarchies. In the age range condition, even though there is no
difference in the number of key presses, the task execution time of 60 + years par-
ticipants was significantly slower than that of the 22–59 years. However, the degree to
which these parameters must be reduced varied depending on the operation method. If
the number of items is small, Type 2 is also recommended.

About retry frequency, for the age range 60 +, Type 1 had the smallest. For the age
range 22–59, Type 2 had the smallest. At any age ranges, the retry frequency of Type 3
was the largest. In contrast, Type 1 was small. However, Type 2 in age ranges was
large difference of the retry frequency. Even though the retry frequency of young user
was small, that of the elderly was close to the highest value.

According to the results of questionnaire as shown Fig. 7, Type 1 has the most
advantage about the understandability of the operation system. About the Visibility,
Type 3 is seemed to be the most advantage.

Fig. 7. Difference of each category by types of navigation method
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