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 Objective: This study investigated the effects of design variables in in-vehicle touch
user interfaces in terms of driving performance, glance behavior, and subjective
workload. 
 
Background: Touch user interfaces are commonly used as in-vehicle information 
systems (IVISs). However, touchscreen design variables that may affect driver behavior
have not been thoroughly investigated. 
 
Method: We conducted a driving simulation experiment involving an item searching
task and a menu task. Each task included two design variables (item searching task:
item numbers per screen and presentation format; hierarchical menu task: menu type
and menu orientation consistency). 
 
Results: The results showed that the number of items per screen and menu orientation
consistency have significant effects on driver behavior, whereas the presentation 
format and menu type exhibit no significant effects. By analyzing the differences in
the drivers' age, we found that the effects of independent variables vary by age. 
 
Conclusion: Based on the results of this study, the following conclusions and
recommendations are proposed for the design of an in-vehicle touch interface: 1)
When designing menus or lists for applying a touch task while driving, it is
recommended that the number of items per screen be eight or less to reduce its 
impact on the driver behavior, 2) When designing a menu, the orientation of each 
menu level should be unified so that there is no negative influence of disorientation,
and 3) When the menu structure has a simple structure, differences in the menu
structure (whether expandable or sequential) have a weak effect on the driving
behaviors. However, if the complexity of the information structure required by the task
increases, it is necessary to be cautious about making an approach based on this 
conclusion. 
 
Application: The findings in this study can provide insight into the design of a 
touchscreen-based IVIS when considering driving safety. 
 
Keywords: Touch user interface, In-vehicle information systems (IVIS), Driver distraction 

  

 
 
 
 

1. Introduction 

An in-vehicle information system (IVIS) incorporates secondary functions and presents
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driving-related information (Harvey and Stanton, 2013). Whereas traditional IVIS user interfaces separately employ hard controllers 
and information displays, many vehicle manufacturers have recently adopted a touch user interface (Fleming, 2010; Kim et al., 
2014b). This trend reflects an advantage of the touch user interface, which facilitates input and output interactions that are 
simultaneously conducted using the same display area (Scott and Conzola, 1997; Sears et al., 1992); making the interface more 
intuitive and aesthetically pleasing (Fleischmann, 2007). 
 
However, several studies have raised concerns associated with increased driver distraction when a touch interface is employed 
instead of a physical controller interface (Crandall and Chaparro, 2012; Reimer et al., 2012). To address such issues, numerous 
studies have investigated touch interface design factors such as the button size (Feng et al., 2017; Kim et al., 2014a; Tao et al., 
2018), button gap (Tao et al., 2018), touch gestures (Colley et al., 2015; Kim et al., 2014b; Swette et al., 2013), and scrolling style 
(Kujala and Saariluoma, 2011; Large et al., 2013). Although these prior studies have contributed meaningful findings related to 
those factors affecting a touch input behavior, they have not considered the comprehensive visual-manual interaction associated 
with the type of tasks that are most frequently conducted through a touch IVIS, including item searching and menu tasks. 
Therefore, the effects of the design variables related to such tasks must be investigated. 
 
An item searching task involves finding the target item from among other distracting items (e.g., finding a target song), whereas 
a menu task involves selecting the target menu within a hierarchical information structure. The greatest difference between these 
two tasks depends on the structure of the information. Whereas all types of information in an item searching task are at the same 
level, menu tasks comprise information with different hierarchal levels. This prompted us to consider different design variables 
for each task. 
 
For an item searching task such as music browsing, the number of items per screen and the presentation format are factors 
influencing the performance of the task. Several studies have provided insight into designing the number of target search items 
(Feng et al., 2017; Hong et al., 2010; Kujala and Salvucci, 2015; Large et al., 2017; Lasch and Kujala, 2012; Lee et al., 2019b; Li et 
al., 2017). Feng et al. (2017) and Large et al. (2017) investigated the optimum numbers when drivers conduct a pointing task. 
The authors found that an increase in the number of items generally has a negative effect on driver behavior. In addition, Kujala 
and Salvucci (2015) developed a cognitive model of a visual sampling strategy of drivers conducting visual search tasks while 
driving. Their model predicts that, as the number of items increases, it becomes increasingly difficult for drivers to remember 
where they searched and when they should turn their attention back to driving owing to a time limitation. However, these studies 
have also indicated that, although a larger number of items makes it difficult for drivers to find the target, because we need to 
consider the switching cost, it cannot be concluded that fewer items is better. In fact, several studies have found that the number 
of items is not a significant factor for an item searching task (Lasch and Kujala, 2012). 
 
The presentation format (or information format) involves the manner through which information is organized and presented. In 
this study, we focused on different orientations for presenting items in horizontal or vertical formats. Visual search strategies in 
different presentation formats have been a traditional issue in the field of human-computer interaction; however, few studies 
have been conducted on the effects of presentation formats in terms of driver behavior. Although some studies have suggested 
that a driver's vertical eye movements are more demanding compared to their horizontal eye movements, no definitive conclusions 
can be drawn (Dukic et al., 2005, 2006). 
 
Menu-based user interfaces have been widely employed in an IVIS; however, their design in a driving context remains a challenge. 
We focused on the design variables to present each level of the menu, including the menu type and menu orientation consistency. 
Owing to the size limitations of touchscreens used in vehicles, it is not possible to present all levels of the menu information. 
Therefore, some menus present upper and lower-level menus in an expandable manner, whereas others do not show the upper 
level menus when the lower-level menus are selected. In addition, the directions through which the upper and lower menus are 
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presented coincide (e.g., horizontal-horizontal) or do not coincide (e.g., horizontal-vertical) with each other, presenting a proper 
way to efficiently display information depending on the screen orientation or ratio. To the best of our knowledge, a study by Li et 
al. (2017) has almost exclusively provided meaningful results with regard to the effects of the menu type. They compared two 
menu layouts, namely, checkboard and hierarchical layouts, in a real driving context. The results showed that the hierarchical menu 
is superior to the checkboard menu in the stop, 30, and 60km/h driving conditions; however, the checkboard menu exhibited a 
better performance under 80 km/h driving conditions. Figure 1 shows each variable for the item searching and menu tasks. 
 

To summarize, whether these design variables, namely, the number of items per screen and the presentation format for an item 
searching task, the menu type, and the orientation consistency for a menu task, are ergonomically appropriate is unclear. Therefore, 
this study investigated the effects of these design variables on driving performance, glance behavior, usability, and subjective 
workload in a simulated driving context. To achieve our objective, we designed and executed a driving simulator study using 
an item searching task and a menu task on a touch interface. Data on the driving performance, glance behavior, and subjective 
workload were collected to analyze the driver behaviors. Based on the results, this study provides insight useful for the design of 
a touch user interface applied in an IVIS. 

2. Method 

2.1 Experimental design 

2.1.1 Independent variables 

As previously mentioned, an item searching task and a menu task were selected as touch interaction tasks. Two respective design 
variables were considered for designing the two tasks. 
 
The item searching task includes the number of items per screen (4, 6, 8, or 10) and the presentation format (horizontal or 
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vertical) as independent variables. The four levels of the number of items per screen were chosen according to the common 
number found in an IVIS used in commercial vehicles. The menu task includes the menu type (expandable or sequential) and 
menu orientation consistency (consistent or inconsistent). The expandable menu refers to the simultaneous presentation of the 
upper- and lower-level menu items on the information display in an extended manner. The sequential menu, by contrast, refers to 
the presentation of menu items of the current level and not that of the previous level (Kurniawan et al., 2002; Zaphiris et al., 2002). 
Menu orientation consistency refers to the matching of the orientation between the upper- and lower-level menu items. The two 
design variables include two levels each; however, the combination of sequential and inconsistent types was excluded from the 
experimental conditions because it exhibits a very rare structure of an IVIS used in a commercial vehicle. Therefore, the menu 
task was applied with three levels: 1) expandable + consistent, 2) expandable + inconsistent, and 3) sequential + consistent. 
 
Because many studies have indicated that the driver's age is an important factor that must be considered when examining the 
effects of IVIS tasks in terms of driving behavior, the driver age was also considered an independent variable (Dukic et al., 2006; 
Horberry et al., 2006; Oh et al., 2016). The national highway traffic safety administration (NHTSA) recommended including four 
age groups (18~24, 25~39, 40~54, and 55+ years) when examining the effects of an IVIS on drivers (National Highway Traffic 
Safety Administration, 2012). Under this classification, drivers aged 23 through 39 years were considered the younger group, 
whereas those aged 40 through 59 years were considered the older group. 
 
We therefore adopted 4 × 2 × 2 mixed design with the number of items per screen (4, 6, 8, or 10) as a within-subject factor, 
the presentation format (horizontal or vertical) as a within-subject factor, and age (younger or older) as a between-subject factor 
for the item searching task. For the menu task, we adopted a 3 × 2 mixed design with different menus (expandable + consistent, 
expandable + inconsistent, or sequential + consistent) as a within-subject variable and age (younger or older) as a between-
subject variable. 

2.1.2 Dependent variables 

We collected the driving performance, glance behavior, usability, and subjective workload measures, which are widely used for 
investigating drivers' behavior in previous literature (Feng et al., 2017; Lee et al., 2019a; Peng et al., 2014). Table 1 shows descriptions 
of measures we collected. 
 

 

Table 1. Dependent variables 

 Measures Description 

Driving 
performance 

Standard deviation of headway distance (SDHD)  Speed control task performance 
 Variability of distance to lead vehicle 

Standard deviation of lateral position (SDLP)  Lateral control task performance 
 Variability of distance to center position of the lane 

Glance 
behaviors 

Average eye-off-road time (AEORT)  Average duration time of each glance to the 
touchscreen area for performing IVIS tasks 

Total eye-off road time (TEORT)  Total glance duration time of all glances away from the 
front driving context 

Usability 
Task completion time (TCT)  Total time for performing an IVIS task 

Number of misses  The number of trials that participants miss the target 
when it is presented on the screen 
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2.2 Tasks 

2.2.1 Driving task and scenario 

The car-following and lane-keeping tasks were considered the primary tasks, which are mostly used for driving task. The participants 
were required to maintain a constant distance from the lead vehicle, the speed of which was fixed at 90km/h, and to remain in 
the center position of the lane without changing lane position. A straight four-lane expressway was used. In the lane in which 
the driver was driving, no other vehicles except the lead vehicle appeared. In the other lanes, vehicles appeared at intervals of 
approximately 300m with a constant speed of 60km/h. IVIS tasks were presented after approximately 30s from the start of the 
driving scenario. 

2.2.2 Secondary IVIS task 

Item searching task 
 
The item searching task involved finding a target word, for instance, when browsing for the title of a song. The target icon and 
distractor icons were presented in the form of a list on a tablet PC. On the task screen page, the target word was provided at 
the top-left position on the screen. If the target icon was not present in the list on the current page, the participants were able to 
turn the page and continue searching. If they found the target and tapped on it, all items on the screen disappeared. Two seconds 
after completing the task, a new task appeared. A beeping sound was used to notify the participant that a new task had begun. 
The participants were not required to perform the task quickly and were instructed to do so at their own pace. Under all eight 
conditions (4 item numbers per screen × 2 presentation formats), the participants performed the item searching task ten times. 
Half of the participants first conducted the task under a horizontal condition, whereas the other half performed it under a vertical 
condition. The order of the items numbers per screen was randomly suggested from among the four conditions. To minimize the 
effects of the target location, the target icon randomly appeared among the 3rd, 7th, 11th, 15th, 19th, 23rd, 27th, 31st, 35th, 
and 39th positions. For example, as shown in Figure 2 (a, b), for the six-item conditions, the participants were required to find the 
target word ("love" in Korean) in the horizontal and vertical directions. However, because the target word did not appear on this 
page, the participants were required to continue searching after moving on to the next page using the arrow buttons. 
 
Menu task 
 
The menu task was designed to test different menu styles. The participants conducted eight tasks involving general functions 
found in all types of modern vehicles: 1) select an FM/AM radio frequency, 2) adjust the radio volume, 3) play a video, 4) select a 
target address, 5) call a friend from a phone book, 6) check a message, 7) control the temperature, and 8) change the air-circulation 
mode. Although the menu button did not actually enable the function, the participants explored the menu hierarchy to apply the 

Table 1. Dependent variables (Continued) 

 Measures Description 

Subjective 
workload Driving activity load index (DALI) 

 Subjective workload evaluation 
 Six factors: effort of attention, visual demand, auditory 

demand, temporal demand, interference, and 
situational stress 

 6-point Likert scale (1: low, 6: high) 
 Adapted from Pauzie (2008) 
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target task. The information menu hierarchy used in the experiment was developed by referring to the information structure of 
recent vehicles. When a new task was presented, the participants were notified through a beeping sound. The participants were 
not required to perform the task quickly, and were instructed to execute the task at their own pace while driving safely. Once 
one task was completed, a new task was provided after 2s. Under all three conditions (expandable + consistent, expandable + 
inconsistent, and sequential + consistent), the participants performed the eight tasks described above. The order of the three 
conditions was balanced across all participants, and the order of each task was suggested in a predefined random order. For 
example, as shown in Figure 2 (c, d, e, f), the participants were required to "adjust the radio frequency to FM 92.5" in the 
expandable + consistent condition. The participants could complete the task by selecting the radio (Figure 2 (c)), FM/AM (Figure 2 
(d)), FM (Figure 2 (e)), and 92.5Mhz (Figure 2 (f)), in order. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.3 Participants 

We recruited 38 participants (19 males and 19 females ranging 23 to 59 in age) from an online advertisement website. There 
were 21 participants in the younger group (mean age = 27.8 years, SD = 3.77) and 19 participants in the older group (mean age 
= 51.0 years, SD = 5.28). 

2.4 Apparatus and settings 

The experiment was conducted using a driving simulator consisting of a mock vehicle with a steering wheel, an accelerator, a brake 
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pedal, a seat, a monitor, and a tablet PC. Figure 3 shows the apparatus and experimental settings. We constructed a mock vehicle 
driving simulator and used STISIM M100K driving simulation software. For the steering wheel and pedal, we used a G27 Racing 
Wheel from Logitech. The driving seat used was of the Genesis made by Hyundai Motors. The participants were able to adjust 
the seat position, height, and angle to achieve a comfortable posture. The car driving environment was presented on a 50-inch 
monitor, manufactured by Samsung Electronics. An Apple iPad Pro 12.9-inch model was used to present the IVIS tasks. The 
hardware and software for measuring glance behaviors were made by Tobii Technology (Tobii Pro Glasses 2 and Tobii Pro Lab). 
The experimental software application was developed based on the iOS operating system to provide secondary IVIS tasks and 
record the time of all touch behaviors conducted on the screen. 
 

2.5 Procedure 

Figure 4 shows the overall procedure applied. First, the researcher explained the basic information regarding the experiment and 
received a consent form. The participants had sufficient time to become accustomed to the driving simulator, two IVIS tasks, and 
the menu structure. After the practice session, the participants wore an eye-tracking device and the calibration process was 
performed. 
 
During the main session, the participants were required to conduct the driving and IVIS tasks simultaneously. Because the 
individual experiments included separate independent variables, the order of the experiments was identical regardless of the 
subject. However, within each experiment, the order of the procedure was randomized to avoid learning effects. A short break was 
provided to prevent fatigue. When the participants returned from the break, the calibration process was repeated to improve 
the validity of the eye-tracking measurements. After the participants completed the tasks under the horizontal and the vertical 
conditions for the item search task, and the three conditions of the menu task, their subjective workload score was evaluated 
based on the driving activity load index (DALI) questionnaire items. All experimental procedures were approved by the institutional 
review board of the university. 
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2.6 Data collection and analysis 

Data on the driving performance, glance behavior, and item searching task performance were automatically collected from the 
STISIM driving simulation software, Tobii Pro Glasses 2, and the experimental application, respectively. The subjective workload 
data were collected using paper-based questionnaire items. These raw data were used to calculate the dependent measures. The 
values and scores of each measurement were first calculated based on the individual participant, and this value was used to 
analyze the statistical differences based on the task conditions. 
 
All statistical analyses were performed using IBM SPSS Statistics version 24.0. The Shapiro-Wilk normality test and Mauchly's test 
of sphericity were first used to check the basic assumptions for conducting an analysis of variance (ANOVA). When the data were 
not normally distributed under a particular condition, a non-parametric equivalent of ANOVA was executed using the rank data 
after an aligned rank transform (ART) procedure was applied (Wobbrock et al., 2011). The ART procedure allows analyzing the 
interaction effects of variables even when the data are of non-parametric form. If only the assumption of sphericity were violated, 
then the degree of freedom was corrected using the Greenhouse-Geisser method. When significant effects were found for the 
variables, pairwise comparisons were conducted using the Bonferroni correction procedure. 

3. Results 

3.1 Effects of and presentation format and the number of items per screen 

3.1.1 Driving performance 

A three-way ANOVA was conducted to determine the effects of the presentation format, number of items, and age group on 
the standard deviation of the lateral position (SDLP) and standard deviation of the headway distance (SDHD). The results of the 
ANOVA with SDLP showed that only the age effect was significant among the main effects (F (1, 283) = 132.05, p < 0.05), whereas 
the other main and interaction effects were shown to be insignificant. The pairwise comparison indicated that the older group 
exhibited difficulty in maintaining the lane compared to the younger group (p < 0.05). The results of the ANOVA with SDHD were 
similar to those with the SDLP. The main effect of the age variable was significant (F (1, 283) = 89.69, p < 0.05), whereas the 
other main and interaction effects were not. A post hoc analysis for the pairwise comparison exhibited a significant increase in 
the distance between age groups (p < 0.05). 
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3.1.2 Glance behavior 

Total eye-off road time (TEORT) 
 
Because the assumption of sphericity was violated, the repeated measure ANOVA using the Greenhouse-Geisser corrected values 
was applied. A summary of the ANOVA results is shown in Table 2. The main effects of age and the presentation format were 
significant, whereas the number of items did not produce a significant effect. Pairwise comparisons showed that the TEORT of 
the older group was higher than that of the younger group (p < 0.05; younger (41.08s), older (62.90s)), and the TEORT of ten 
items per screen was higher than that of other conditions (4 (45.27s), 6 (51.26s), 8 (50.00s), 10 (61.42s)). Only the interaction effects 
of the presentation format and age were significant, and pairwise comparisons showed that the TEORT of the younger group 
under the horizontal condition was lower than that of the other conditions (Figure 5, upper left). The three-way interaction was 
significant, which was evident from the different results with ten item numbers (Figure 5, lower). 
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Average eye-off-road time (AEORT) 
 
The repeated measure ANOVA was conducted using the Greenhouse-Geisser correction values under the violated condition 
because the sphericity was not satisfied. The ANOVA results showed that the number of items per screen was the only variable 
affecting the AEORT (p < 0.05; 4 (0.93s), 6 (1.03s), 8 (1.04s), 10 (1.14s)). Table 2 shows the ANOVA results. 

3.1.3 Usability measures and workload 

Task Completion Time (TCT) 
 
The aligned rank transform (ART) data of the TCT were used to conduct the ANOVA. The results showed that age was the only 
variable affecting the TCT (F (1, 268) = 230.116, p < 0.05). Pairwise comparisons indicate that the TCT of the older group was 
significantly higher than that of the younger group (p < 0.05; older, 24.37s; younger, 11.05s). 
 
Number of misses 
 
We considered cases in which the participants did not catch the target word even when presented on the current page as a miss. 
Based on this, we calculated the number of success trials without a miss and the number of success trials after a miss. Chi-square 
tests were conducted to compare the proportions of the number of successful trials without missing the target word. No differences 
were shown between the horizontal and vertical conditions (߯ଶ(1) = 0.208, p = 0.648; horizontal (94.3%), vertical (94.7%)), although 
the ratio differed according to the number of items per screen (߯ଶ(3) = 21.212, p < 0.05; 4 (96.7%), 6 (94.6%), 8 (95.3%), 10 
(91.3%)) and age (߯ଶ(1) = 3.906, p < 0.05; younger (95.3%), older (93.5%)). Table 3 shows the number of misses trials. 

Table 2. Results of three-way ANOVA of TEORT and AEORT 

DV Variables df F p ݊ଶ 

TEORT 

Presentation format 1 1.522 0.226 0.042 

Item numbers 3 9.523 0.000 0.214 

Age 1 7.469 0.010 0.176 

Presentation format × item numbers 3 0.629 0.550 0.018 

Presentation format × age 1 4.506 0.041 0.114 

Item numbers × age 3 0.513 0.633 0.014 

Presentation format × item numbers × age 3 4.606 0.011 0.116 

AEORT 

Presentation format 1 0.223 0.640 0.007 

Item numbers 3 13.346 0.000 0.282 

Age 1 0.879 0.355 0.025 

Presentation format × item numbers 3 0.031 0.982 0.001 

Presentation format × age 1 2.678 0.111 0.073 

Item numbers × age 3 0.694 0.558 0.020 

Presentation format × item numbers × age 3 0.019 0.385 0.716 
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Workload 
 
The effects of the main and interaction effects were not significant. Only the stress scores of the younger group showed a significant 
difference between the horizontal and vertical formats (t (20) = 3.009, p < 0.01). 
 

3.2 Effects of menu task conditions 

3.2.1 Driving performance 

A two-way ANOVA was conducted to investigate the effects of the age and menu conditions. The results of the ANOVA revealed 
that the main and interaction effects were both significant (menu condition: F (2, 62) = 3.485, p < 0.05; age: F (1, 31) = 19.889, 
p < 0.01; menu condition × age: F (2, 62) = 5.527, p < 0.01). The differences between the conditions are shown in Figure 6 (left). 
Pairwise comparisons showed that there were no differences depending on the menu condition for the younger group, whereas 
the older group found it more difficult to maintain the lane under inconsistent conditions as compared to the other conditions 
(consistent-inconsistent: p < 0.05, consistent-sequential: p = 0.05, inconsistent-sequential: p < 0.05). 
 

Table 3. Number of successes and successes after a miss trials according to the conditions applied 

Age dv 
Condition 

Total 
h4 h6 h8 h10 v4 v6 v8 v10 

Younger 
Success without miss 183 182 174 176 184 181 181 170 1,431 

Success after miss 6 7 5 13 5 8 8 19 71 

Older 
Success without miss 146 142 134 137 147 130 142 134 1,112 

Success after miss 8 11 10 17 3 10 8 10 77 
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SDHD 
 
A two-way ANOVA was conducted to analyze the effects of age and the menu condition. Although the SDHD patterns were 
similar to those of the SDLP (Figure 6, right), the differences were not statistically significant across all conditions. The SDHD differed 
depending on the age groups (F (1, 105) = 75.63, p < 0.01), but no differences were observed according to the menu condition 
or the interaction effects. 

3.2.2 Glance behavior 

TEORT 
 
The TEORT of the older and younger groups under each condition is shown in Figure 7 (left). Older drivers spent more time on 
the IVIS display than the younger drivers (F (1, 34) = 9.178, p < 0.01), and the TEORT also differed according to the menu condition 
(F (2, 68) = 3.412, p < 0.05). However, there was no interaction effect between the age and menu variables. 
 
AEORT 
 
The AEORT of the inconsistent menu was slightly higher than that of the other menu type; however, only a suggestive significance 
was observed (menu condition: F (2, 64) = 2.495, p = 0.09). Age and the interaction effects were not significant. These differences 
are shown in Figure 7 (right). 
 

3.2.3 Task completion time and workload 

TCT 
 
The older group took approximately 13s to complete the task (consistent: 13.40s, inconsistent: 14.39s, sequential: 13.91s), and the 
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younger group took approximately 7s (consistent: 7.29s, inconsistent: 7.65s, sequential: 7.56s), which was a statistically significant 
difference based on the ANOVA results (F (1, 94) = 98.438, p < 0.01); however, none of the other effects exhibited any statistically 
significant differences. Figure 8 (left) shows that there is a difference in TCT based on age. 
 
Workload 
 
The ANOVA results showed that the menu condition had a significant effect on the workload score (F (2, 70) = 10.536, p < 0.01), 
whereas the effects of age and interaction were not significant. Figure 8 (right) shows the level of workload for each condition. 
 

4. Discussion and Conclusion 

4.1 Item searching task variables 

The number of item numbers per screen 
 
The number of items per screen exhibited a significant effect on the driving behavior. Although the driving performance did not 
significantly differ depending on the number of items, TEORT, AEORT, and the ratio of misses were significantly increased as the 
item numbers increased regardless of the driver's age. Our results showed that when fewer than eight items were on the screen, 
the effects of the item searching tasks on the driving safety were similar. Notably, however, when the number of items per screen 
increased to 10, the adverse effects increased significantly. Although the TCT was similar regardless of the conditions, the TEORT 
was much higher in the condition with 10 item numbers. In addition, the AEORT gradually increased as the number of items 
increased. In particular, when 10 items were shown, AEORT was found to be significantly longer than that for the other conditions. 
Furthermore, drivers tended to miss the target word more frequently in the condition with 10 item numbers. The findings from 
different measurements showed that when the number of items per screen reached 10, it became more difficult for drivers to 
perform an item searching while driving. 
 
The findings of this study can be compared to those of previous studies. Kujala and Salvucci (2015) examined the effects of the 
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number of items on the visual search behaviors using a cognitive modeling technique. They showed that the visual distraction 
increases as the number of items increases from 6 to 9 to 12. Large et al. (Large et al., 2017) showed that task difficulty increases 
as the number of items increases. In particular, it was observed that time required increases more rapidly for 36 items than for 
1, 4, and 9 items because the time required for item search/decision action is based on a logarithmic function. These results 
are in line with the findings of the present study, which supports the idea that an item searching task is much more difficult to 
conduct when the number of items per screen reaches 10. Feng et al. (2017) also observed that the task efficiency is negatively 
affected by an increase in the number of items, which varied among 4, 8, and 15 in their study. In their analysis, TEORT significantly 
increases as the number of items increases, and the AEORT for 15 items was larger than that of 4 item numbers. Based on these 
results, they concluded that 4 item numbers should be recommended. Essentially, the conclusion of the study by Feng et al. (2017) 
is more conservative than that of the present study. These differences are understandable considering the fact that the glancing 
behavior of drivers measured based on a grid-based form is worse than that based on a list-based form (Kujala and Salvucci, 
2015). 
 
Presentation format 
 
It is difficult to identify the effects of the presentation format. Although prior studies, in the context of PC tasks, indicated that 
the presentation format has a significant influence on the behavior of a human operator (Benbasat and Dexter, 1986; Jacko and 
Salvendy, 1996; Vessey, 1991), we did not observe any differences in the horizontal or vertical formats. 
 
Differences in the horizontal and vertical conditions were significant only for visual distraction measures among the younger age 
group. As shown in Figure 5 (upper left), the TEORT of the younger group was higher in the vertical condition than the horizontal 
condition. In addition, the AEORT for the younger group was higher under the vertical condition regardless of the number of 
items (Figure 9). This difference slightly influences the subjective workload. In terms of the workload criteria, the stress score for 
the vertical format was higher than that for the horizontal format (t (20) = 3.01, p < 0.01); however, in the older group, no significant 
differences were identified. Therefore, although the presentation format produced differences according to the age group, these 
differences were not sufficient to create significant differences in the overall measures. 
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4.2 Menu task variables 

We compared three different menus (expandable + consistent, expandable + inconsistent, sequential + consistent). The results 
showed that the expandable and inconsistent menu had the worst outcome. Compared to an expandable and consistent menu, 
the menu orientation consistency significantly influences the driving performance, visual distraction, and subjective evaluation. 
Although the younger group did not exhibit any considerable differences in behavior between the consistent and inconsistent 
menus, these differences were significant in the older group. The driving performances of the older group were lower under the 
inconsistent condition, and visual distraction was higher. In addition, the subjective workload score was higher in the inconsistent 
conditions regardless of the driver's age. Therefore, if the orientation in the menu structure is inconsistent, it may be concluded 
that it is much more difficult to perform both driving and IVIS tasks concurrently. Given that the proportion of older drivers is 
gradually increasing, it is important to consider the orientation consistency when designing the menu interfaces. Therefore, along 
with the findings of prior studies, it is possible to suggest that the consistency within the hierarchical menu structure should be 
maintained. 
 
However, the expandable and consistent menu showed similar results with the sequential and consistent menu. Although each 
menu style has its own pros and cons in terms of the menu navigation and visual complexity, it seems that the task applied in 
this study did not gain any benefit from the various menu styles considered. Therefore, based on the findings of this study, we must 
remain conservative, in line with the findings by Li et al. (2017), on the potential differences between expandable and sequential 
menus. Their study concluded that the expandable menu is more advantageous than the sequential menu under most driving 
situations. However, the expandable menu applied was designed using a list format, whereas the sequential menu was based on 
a grid format. Therefore, this advantage seems to be due to the influence of the other design variables (e.g., grid or list) and not 
because of the differences between the expandable and sequential menus. 

4.3 Age-related differences 

First, for all tasks, the time taken to conduct the tasks and the TEORT for performing IVIS tasks were longer among the older 
age groups than the younger age groups. This is thought to be due to the overall physical/cognitive decline of older drivers. 
Because the time required to perform non-driving tasks while driving is relatively long, focus on driving tasks is lowered and the 
driving performance declines. In fact, when both the TCT and TEORT times were significantly higher, the driving performance 
was observed to worsen. 
 
In contrast, AEORT showed a somewhat different tendency compared to the other measures. In general, higher AEORT values 
indicate that more visual attention is required to conduct IVIS tasks. Therefore, it is more likely that the AEORT value will be 
higher as the task execution becomes more difficult, and it was expected that the AEORT for older drivers would be higher than 
that for young drivers. However, the AEORT level for young drivers was shown to be generally higher than that of older drivers. 
During the experiments described in this paper, the average AEORT range was approximately 0.8~1.2s, which indicates that the 
AEORT required to conduct the IVIS task in this study did not reach a critical level of risk (considered to be 1.6s). Although the 
AEORT of young drivers is larger, it cannot be concluded that the younger drivers experienced more difficulty. Rather, it may be 
reasonable to infer that the younger group could afford to spend more time assigning tasks within a non-hazardous range. 
 
It is worth noting that differences owing to the specific design variables occurred only for certain age groups. With the item 
searching task, the younger driver group required more TEORT under the vertical condition than under the horizontal condition. 
However, there were no differences observed among the elderly driver group. In other words, only the young driver group 
exhibited the predicted difference. However, for the menu task, most of the influence from the design variables resulted from 
difficulties experienced by the older driver group. The younger driver group showed similar performances regardless of the menu 
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type. However, in the elderly driver group, inconsistent conditions were found to cause more difficulties in drivers than consistent 
and sequential conditions for most of the indicators applied. The differences within the younger and older driver groups can 
be interpreted differently. In the case of differences among the design factors found only in the younger driver group, it can be 
observed that older drivers found it difficult to perform the task regardless of the conditions applied. By contrast, when a 
difference was identified only in the older group, the younger driver group can be considered to have performed the task easily 
regardless of the influence of the design factors. Therefore, it is necessary to design a touch-based IVIS based on an understanding 
of the potential differences according to the age group of the drivers. 
 
In addition, it is interesting to note that most of the quantitative measures differed according to the driver group, whereas the 
perceived difficulty reported by the drivers showed no significant difference regardless of the task. This result highlights the necessity 
of considering both objective and quantitative measures when evaluating an IVIS design. 

4.4 Conclusions and recommendations 

Based on the findings of this study, the following conclusions and recommendations are proposed for the design of an in-vehicle 
touch interface. 
 
 When designing menus or lists for applying a touch task while driving, it is recommended that the number of items per 

screen be eight or less to reduce its impact on the driver behavior. 
 When designing a menu, the orientation of each menu level should be unified so that there is no negative influence of 

disorientation. 
 When the menu structure has a simple structure, differences in the menu structure (whether expandable or sequential) do 

not have a significant effect on the driver. However, if the complexity of the information structure required by the task increases, 
it is necessary to be cautious about making an approach based on this conclusion. 

4.5 Limitations 

Several limitations should be considered in future studies. First, in this study, an experimental application was developed to 
examine the effects of the design variables on the driving behavior. Because various design factors can affect the actual user 
interface, there is a need for further research using a complete IVIS user interface. Second, in this study, IVIS tasks imitating those 
of an actual an IVIS were designed; however, we did not implement a complete system in which the actual function is applied. 
Third, although our findings showed differences depending on the drivers' age, few participants of the older driver group were 
aged 65 years or more. One reason for the poor enrollment is that people in Korea tend to stop driving relatively earlier than 
in other countries because of the complex road environment and a highly developed public transportation system, making it 
extremely difficult to recruit Korean drivers over 65 years in age. For this reason, only younger and moderately older drivers in this 
study were distinguished. Therefore, further research is necessary to consider the characteristics of elderly drivers. 
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