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Abstract

In this study conversation with a remote person (hands-free phone), an in-vehicle person (passenger),

and a no conversation (baseline) condition were compared on measures of attention and peripheral detec-

tion. We held conversation pace constant so that any difference found in attention or peripheral detection

could be attributed to the distinctive feature of the type of conversation (remote, in-vehicle). The difficulty

level of the verbal task was included as a second independent variable. Forty-eight undergraduate students

participated in all conditions of a within-subjects design. The results revealed that conversation resulted in

slower reactions and fewer correct responses on both attention and Peripheral Detection tasks compared to

no conversation, while conversation type (remote/in-person) did not make a significant difference. Difficulty

of the verbal task affected performance on the Peripheral Detection task but not on the attention task.

These findings imply that conversation has a negative effect on attention and peripheral detection which

are important components of driving. This effect may be greater with difficult conversations.
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1. Introduction

The development of technology has given rise to both an increase and a decrease in road safety.

While many systems support the driver for safer driving (e.g., ABS brakes, navigation systems,

etc.), some in car devices interfere with the driver�s main task, distract attention, and put an addi-

tional workload on cognitive systems. Attention has been found to be one of the most important

factors in safe driving. Some studies show that 25–50% of accidents are due to driver inattention

(Arthur, Barett, & Alexander, 1991; Arthur & Strong, 1994; Hendricks, Fell, & Freedman, 1999).

Attention errors have been reported to be the most common factor in left turn accidents (Larsen

& Kines, 2002) and drivers are more likely to collide with stationary vehicles when disrupted by a

secondary task (Langham, Hole, Edwards, & O�Neil, 2002). Performance on laboratory-based

selective attention tasks (Amado, Koyuncu, & Kaçaroǧlu, 2004; Arthur & Doverspike, 1992)

and attention switching tasks (Elander, West, & French, 1993) have been found to predict traffic

accidents. All these findings support the view that attention is a primary cognitive requirement for

safe driving performance.

Prior research has shown that manual manipulation of equipment in the car has negative effects

on driving performance (Brookhuis, De Vries, & De Waard, 1991). Cellular phones are one of

these devices and some countries, including Turkey, have forbidden their hand-held use in the

car while driving. On the other hand, many studies have shown that the psychomotor aspects

of cell-phone use, such as dialing and holding the phone, are not the only factors that affect driv-

ing performance. The verbal task itself may be the cause of degraded driving (McKnight &

McKnight, 1993; Strayer & Johnston, 2001). In some studies passive verbal tasks such as listening

to the radio, or listening to a book on tape were not found to interfere with driving, while con-

versation with a hand-held or a hands-free cell phone, including listening to a partner and gener-

ating responses did disrupt performance (Strayer & Johnston, 2001). Strayer and Johnston

explained their results by suggesting that cellular-phone use disrupts performance by diverting

attention to an engaging cognitive context other than the one immediately associated with driving,

and this results in ‘‘inattention blindness’’. They have extended their research by using a high-

fidelity simulator, and found that withdrawal of attention from a visual scene impaired explicit

recognition memory for roadside billboards, reduced attention to foveal information revealed

by eye-tracking data, and impaired implicit perceptual memory (Strayer, Drews, & Johnston,

2003). In another study, Garcia-Larrea, Perchet, Perrin, and Amenedo (2001) compared the event

related potentials (ERP) of participants while speaking on a hands-free phone, on a phone-in-

hand, and on a control condition. Their results suggested that maintaining a phone conversation

increased RT�s to visual targets, decreased stimulus-induced alerting and attention allocation (P3

amplitude), and interfered with motor preparation processes. This degraded performance was

attributed to a general decrease in attention to sensory inputs, a characteristic of dual task

situations.

The interactive feature of conversation seems to be the reason behind the decrease in attention

and driving performance. Additional comparison of conversation with in-vehicle passengers, ver-

sus cell-phone conversation, raises an important question. That is, is there a distinctive feature to

talking on a cell phone while driving that distracts a driver more than conversing with a passenger

in the car? Currently, there are a few studies addressing this question. Waugh et al. (2000)

compared conversation on a hand-held phone, conversation with a passenger, and on a no
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conversation condition. Drivers using a cell phone responded more slowly to verbal questions

than those conversing with a passenger. In addition, communication by a phone slowed driving

speed but not the accuracy. The authors argued that navigating with one hand could be the source

of decreased driving speed, because in this study a hand-held phone was used. Nunes and Recarte

(2002), on the other hand, conducted a field experiment comparing a hands-free phone versus live

conversation. No differences were observed on measures of visual search, driving speed, visual

detection, and response selection capacities.

Some researchers have hypothesized that passengers can see the driving situation and modulate

the conversation according to the demands of the traffic environment by slowing, pausing, or

stopping the conversation (Haigney & Westerman, 2001; McKnight & McKnight, 1993; Parkes,

1991). On the other hand, with remote conversation the person on the other end of the cell phone

does not know the driving situation and thus modulation cannot be accomplished. This may

result in greater distraction of the driver.In one study (Gugerty, Rakauskas, & Brooks, 2004),

the modulation hypothesis was tested by forming two person teams (remote or in-person), and

comparing the effects of conversing on driving related tasks. They found that conversation de-

graded performance on situation awareness variables, but the remote and in-person conditions

were affected similarly. In addition, the participants slowed their verbal interaction significantly

in the remote condition as compared to the in-person condition which could imply that non-drivers

conversing with drivers do not slow their conversation based on traffic conditions as hypothesized.

One of the important variables that affects driving performance is known as ‘‘cognitive work-

load’’ which is defined as the amount of information processing resources used for task perfor-

mance (Wickens & Hollands, 2000). There are a number of studies addressing driver workload

and driver performance. Briem and Hedman (1995) found that an easy conversation on the cell

phone did not have an adverse effect on driving while a difficult task (a working memory task with

time limitation and solution expectation) did disrupt driving performance. In another study con-

ducted by Nunes and Recarte (2002), low demanding phone conversations produced null or low

effects while high demanding conversations affected significantly visual processing capacities.

As was previously discussed attention has been found to be one of the most important factors

and a primary cognitive requirement for safe driving. Following these findings, decrement in

attention and peripheral detection are strongly related with impairment in driving performance.

In this study attention was examined using a standardized test which is included in Traffic-Psycho-

logical Test Battery (Schuhfried, 2005). This traffic test battery is being used in 25 countries for the

assessment of offensive drivers and selection of applicants for driver�s license. The Cognitrone and

Peripheral Detection and Dual-processing tests have been used for driver assessment for over

10,000 drivers in Turkey, since 1998 (Turkish National Security Head Office, Traffic Research

Center, 2003). In a study conducted with offensive drivers (n = 904), it was found that accuracy

and speed in these tests were significantly related to accidents and driving experience when age

and education level were controlled (Amado et al., 2004). In the light of these evaluations, these

tests were chosen as a measure of attention and peripheral detection relevant to driving

performance.

The main objective of the current study was to compare conversation with a remote person

(hands-free phone), an in-vehicle person (passenger), and on a no conversation (baseline) condi-

tion on measures of attention and peripheral detection. We held the conversation pace constant so

that modulation of conversation would not occur. In this way any difference found in attention

S. Amado, P. Ulupınar / Transportation Research Part F 8 (2005) 383–395 385



could be attributed to the distinctive feature of the type of conversation (remote, in-vehicle). In

the study the difficulty level of the verbal task was included as a second independent variable

in order to analyze its effect on remote and in-person conversations.

2. Method

2.1. Participants

Forty-eight undergraduate students (24 male, 24 female) from Ege University in Izmir, Turkey

participated in the experiment. The students� range in age from 20 to 25 with an average age of

22.56. All had normal or corrected-to-normal vision. The students were not licensed drivers.

2.2. Stimuli and apparatus

In the experiment two tasks were used to assess attention namely, ‘‘Cognitrone’’ and ‘‘Periph-

eral Detection and Dual-processing’’ tasks.

2.2.1. Cognitrone (Cog)

This is a test of the Vienna Test System (Schuhfried, 1997) designed to test attention and con-

centration (alpha = 0.95, Neuwirth, 2001). It is one of the tests used in the Traffic-Psychological

Test Battery. In this computer- based program figures in four adjacent fields (display fields) and

one lower field (task field) are presented on the screen. The participant is required to compare each

figure appearing on the task field against the figures shown in the display fields and to make a

judgment on the basis of a previously specified rule. Responses are given by pressing the appro-

priate button on a response board. In this experiment the first 60 stimuli were presented for each

condition at a rate of 1.8 s (S4 Form). The sum of correct responses and the mean response time

(for correct responses) were recorded and used for the analysis.

2.2.2. Peripheral Detection and Dual-processing Task (PDDpT)

This task is a simple simulator measuring the accuracy and reaction time for completing two

tasks: steering and detecting peripheral stimuli (Is�ık, Çetinaslan, & Gülücü, 2002). Participants

were required to steer a car on a straight road without coming into contact with on-coming vehi-

cles or the road lines, while detecting lights displayed on the left and right LED peripherals. Par-

ticipants were to respond to the lights coming from the left, right or both sides as soon as they

detect them. Participants� performance was recorded in the form of number of correct responses

(total correct responses for stimuli coming from the right, left or both of the LED panels), a

peripheral detection score which is a function of reaction time (location on the LED panel where

the stimulus was detected and responded to. Higher numbers represent faster performance on

peripheral detection), and on the number of road line contacts and vehicle collisions.

The verbal task included a list of questions on general knowledge and arithmetic. Free conver-

sation was not used because of the difficulty of controlling the effects of intervening variables. As a

result standard verbal tasks were chosen in the study. In a prestudy, 80 questions were prepared

by the experimenters on both subjects, and completed by 75 students at Ege University (not
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participating in the experiment). Each question was rated by its completion time and accuracy. A

list of 56 questions were selected to be used in this study. Questions were divided into two groups,

simple and complex, each containing both general knowledge and arithmetic. The experimenter

either read the questions aloud or from a CD player in a 5 s interval (example: ‘‘11 + 7 = ?’’ or

‘‘In which hemisphere is our country located?’’). Answers were recorded.

A CD player and an external loud speaker were used for the remote condition, and a video

camera was used to record the whole procedure.

2.3. Procedure and design

All participants were informed about the experiment and signed consent forms. Each partici-

pant received task instructions and a test trial on both tasks. All participants completed the Cog-

nitrone task first and Peripheral Detection and Dual-processing Task second. The experiment was

designed as a within-subject design in which each subject received all conditions and tasks. The

order of difficulty level of the questions that were posed (simple/complex/no question) was

counterbalanced.

The experimenter was a fourth grade University student in the Psychology Department, trained

by the first author. The experimenter did not have any acquaintance with the subjects. Partici-

pants were instructed to attend to the task and answer the questions when posed. There were three

verbal task conditions. In the no conversation (baseline) condition, no questions were posed and

only the PDDpT and Cog tasks were performed. In the �in-person� condition, questions were

posed by the experimenter who was sitting in the same room to the right of the participant (ap-

prox. average in car distance, 50 cm). The participant and experimenter could see each other. In

the remote condition the experimenter was out of the room and questions were posed over a loud

speaker, previously recorded by the experimenter. Questions were posed at a pace of 5 s in both

conditions (a stopwatch was used in the in-person condition). Total duration of the experiment

was about 25 min.

3. Results

We compared the effect of the remote conversation, in-person conversation and baseline condi-

tions (no conversation) with repeated measures analysis of variance. A significant difference in

the percentage of correct answers for the Cognitrone data was found between the three condition

(Wilk�s K = .373, F(1, 47) = 38.62, p < .001). The contrast analysis revealed that the percentage of

correct answers was higher in the no conversation condition, higher than either the remote

(F(1, 47) = 64.93, p < .001) or the in-person conversation (F(1, 47) = 45.35, p < .001) (see Table 1).

We analyzed the effect of conversation type and the difficulty level of verbal task (simple-complex)

by a 2 · 2 repeatedmeasures analysis of variance. The conversation type (remote/in-person) did not

yield a significant main effect for percentage of correct answers (Wilk�s K = .992,

F(1, 47) = .05, p > .05), and the difficulty level of the verbal task was not found to be significant

(Wilk�s K = .999, F(1, 47) = .37, p > .05) (see Table 1 and Fig. 1). No significant Conversation

type · difficulty level interaction was seen (Wilk�s K = .952, F(1, 47) = 2.92, p > .05).
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Response time in the Cognitrone test showed a similar pattern. Repeated measures analysis of

variance results showed a significant difference in the mean response time between the three (re-

mote/in-person/no conversation) conditions (Wilk�s K = 0.861, F(1, 47) = 3.71, p < .05). The con-

trast analysis revealed that the mean response time was faster in the �no conversation condition�

than remote (F(1, 47) = 6.57, p < .05) and close to significant difference from in-person conversation

(F(1, 47) = 3.75, p = .059) (see Table 1). We analyzed the effect of conversation type and the diffi-

culty level of verbal task (simple-complex) by a 2 · 2 repeatedmeasures analysis of variance.Neither

the main effect for conversation type (remote/in-person) (Wilk�s K = .997, F(1, 47) = .05, p > .05),

nor the difficulty level of the verbal task were found to be significant (Wilk�s K = .998,

F(1, 47) = .16, p > .05) for mean response time (see Fig. 2). No significant conversation type · dif-

ficulty level interaction was seen (Wilk�s K = .955, F(1, 47) = 2.20, p > .05).

We compared the data from the Peripheral Detection and Dual-processing Task for the base-

line and conversation types by a repeated measures analysis of variance. In this task, measures of

peripheral task are the total number of correct responses and the peripheral detection score. The

measures for the steering task are collision with other vehicles and crossing lines on the road. Two

subjects were excluded from the analysis on the detection measures due to extreme values

(z > 3.29). Fifteen light stimuli (6 left, 6 right and 3 together) were presented. A significant main

Table 1

Descriptive statistics for the responses to ‘‘Cognitrone’’ and ‘‘Peripheral Detection and Dual-processing Task’’ as a

function of conversation type and task difficulty

Cognitrone PDDPpT

# of correct

response

Response

time

# of correct

response

Peripheral

detection score

�X % SD �X SD �X SD �X SD

No conversation 53.04 88 2.72 1.009 14.4 .82 62.02 6.49

Remote 48.42 81 3.67 1.052 0.17 13.22 1.51 58.51 5.58

Simple 24.58 82 2.94 1.053 0.17 13.89 1.45 59.19 6.12

Complex 23.83 79 2.75 1.051 0.17 12.96 1.48 57.83 5.85

In-person 48.56 81 4.68 1.045 0.17 13.05 1.35 58.83 6.29

Simple 24.25 81 3.51 1.053 0.17 13.78 1.17 59.27 6.99

Complex 24.32 81 2.29 1.037 0.17 12.56 2.08 58.40 7.11
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Fig. 1. Percentage of correct answers in the Cognitrone task for the three conditions.

388 S. Amado, P. Ulupınar / Transportation Research Part F 8 (2005) 383–395



effect was found for total correct responses between the three (remote/in-person/no conversation)

conditions (Wilk�s K = .530, F(1, 45) = 20.41, p < .001). The contrast analysis revealed that the

total correct responses were higher in the no conversation condition compared with the remote

(F(1, 45) = 27.36, p < .001) and the in-person conversation (F(1, 45) = 86.67, p < .001) (see

Table 1). We analyzed the effect of conversation type and the difficulty level of verbal task (sim-

ple-complex) by a 2 · 2 repeated measures analysis of variance. No significant main effect of

conversation type (remote/in-person) (Wilk�s K = 0.962, F(1, 45) = 1.775, p > .05) was found

while the difficulty level of the verbal task was found to be significant (Wilk�s K = .669,

F(1, 45) = 22.30, p < .001) (see Fig. 3). No significant conversation type · difficulty level interac-

tion was seen (Wilk�s K = .996, F(1, 45) = .20, p > .05).

Another index of the Peripheral Detection and Dual-processing Task is the peripheral detection

score which is a function of reaction time. It is defined as the location on the LED panel where the

stimulus was detected and responded to. Higher numbers represent better performance on periph-

eral detection. Repeated measures analysis of variance revealed a significant main effect for

peripheral detection scores between the three (remote/in-person/no conversation) conditions

(Wilk�s K = .629, F(1, 45) = 12.95, p < .001). Tests of within-subject contrasts showed that the

scores were higher in the no conversation condition than in the remote condition (F(1, 45) =

23.31, p < .001) and the in-person conversation condition (F(1, 45) = 18.29, p < .001) (see Table 1).
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Fig. 2. Mean response time for correct answers in the Cognitrone task for the three conditions.
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Fig. 3. Number of correct answers in the Peripheral Detection and Dual-processing Task for the three conditions.
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The effect of conversation type and the difficulty level of verbal task (simple-complex) was ana-

lyzed by a 2 · 2 repeated measures analysis of variance. No significant main effect of conversation

type (remote/in-person) (Wilk�s K = 0.995, F(1, 45) = .235, p > .05) or difficulty level of the verbal

task was found to be significant (Wilk�s K = .920, F(1, 45) = 3.94, p > .05) (see Fig. 4). No signif-

icant conversation type · difficulty level interaction was seen (Wilk�s K = .996, F(1, 45) = .186,

p > .05).

Besides the indexes for the peripheral task, steering task indexes include collision with oncom-

ing vehicles and collision with road lines. Since data on both of these indexes did not show a nor-

mal distribution we used non-parametric statistics. A Friedman test was conducted to evaluate

differences in road collision medians among five different conversation conditions: simple/remote

(median = 2), simple/in-person (median = 3), complex/remote (median = 2.5), complex/in-person

(median = 4) and no conversation (median = 2). The test was significant v2 (4, N = 48) = 14.95,

p < .001. Follow-up pairwise comparisons were conducted using a Wilcoxon test controlling for

Type I errors across these comparisons at the .05 level using the LSD procedure. The median

collision with the road for the no conversation condition was significantly smaller than simple/

in-person p < .05, complex/in-person p < .01, and complex/remote p < .05 conditions. Also, med-

ian collision in the simple/remote condition was significantly smaller than in the simple/in-person

condition p < .05.

A Friedman test was conducted to evaluate differences in-vehicle collisions medians among five

different conversation conditions: simple/remote (median = 2), simple/in-person (median = 3),

complex/remote (median = 2.5), complex/in-person (median = 4) and no conversation

(median = 1). The test was not significant v2 (4, N = 48) = 8.98, p > .05.

3.1. Performance on the verbal task

After analyzing the performance on the primary tasks, we also analyzed performance on the

verbal task and compared the effect of conversation type (in-person/remote) and difficulty level

(simple/complex) on the number of correct answers on the verbal task. 2 · 2 repeated measures

analysis of variance, for the Cognitrone task did not yield a significant main effect of conversation

type (Wilk�s K = .997, F(1, 47) = .13, p > .05), while the difficulty level was found to be significant

(Wilk�s K = .074, F(1, 47) = 589.77, p < .01) (see Table 2). A significant conversation type · diffi-

culty level interaction was seen (Wilk�s K = .788, F(1, 47) = 12.65, p < .01). As seen in Fig. 5, in
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Fig. 4. Mean peripheral detection score in the Peripheral Detection and Dual-processing Task for the three conditions.
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both conversation conditions the participants answered simple questions more correctly compared

to complex questions. But the difference of the simple-complex performance was greater in the

in-person condition compared to the remote condition. A 2 · 2 repeated measures analysis of var-

iance results for omitted questions while performing the Cognitrone task did not yield a significant

main effect for conversation type (Wilk�s K = .993, F(1, 47) = .34, p > .05), while the difficulty level

of the verbal task was found to be significant (Wilk�s K = .132, F(1, 47) = 308.68, p < .001) (see

Table 2 and Fig. 6). A significant conversation type · difficulty level interaction was seen (Wilk�s

K = .896, F(1, 47) = 5.47, p < .05). This interaction is in the same direction as the correct answers.

A 2 · 2 repeatedmeasures analysis of variance results for correct answers on the verbal task while

performing the PeripheralDetection andDual-processingTaskdid not yield a significantmain effect

for the conversation type (Wilk�s K = .944, F(1, 47) = 2.79, p > .05), while the difficulty level of the

verbal task was found to be significant (Wilk�s K = .117, F(1, 47) = 353.40, p < .001) (see Table 2

and Fig. 5). No significant conversation type · difficulty level interaction was seen (Wilk�s

K = .929, F(1, 47) = 3.60, p > .05). Significant main effects for omitted answers on the verbal task

were found for conversation type (Wilk�sK = .745, F(1, 47) = 16.12, p < .01), and the difficulty level

Table 2

Descriptive statistics for the responses to verbal task while performing the primary tasks (Cog and PDDpT) as a

function of conversation type and task difficulty

Cognitrone PDDPpT

# Correct

responses

# Omission # Correct

responses

# Omission

�X SD �X SD �X SD �X SD

Remote

Simple 6.00 1.29 0.65 1.12 6.08 0.89 0.73 0.84

Complex 2.30 1.67 3.71 1.73 2.79 1.24 2.58 1.07

In-person

Simple 6.54 0.68 0.25 0.53 6.15 1.24 0.56 1.41

Complex 1.89 1.32 3.94 1.56 1.17 1.86 3.94 1.63
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Fig. 5. Mean correct answers in the verbal task while performing the primary tasks (Cognitrone and Peripheral

Detection and Dual-processing Task).
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of the verbal task (Wilk�s K = .194, F(1, 47) = 194.92, p < .01) (see Table 2 and Fig. 6). Significant

conversation type · difficulty level interaction was seen (Wilk�sK = .744, F(1, 47) = 16.21, p < .01).

4. Discussion

In this study the effect of conversation (in-person/remote/none) and verbal task difficulty (sim-

ple/complex) on attention and peripheral detection was studied. On the Cognitrone attention test,

participants performed better and gave more correct answers to the visual matching task in the no

conversation condition compared to the two conversation conditions. No effect of conversation

type (remote/in-person) and verbal task difficulty was found. This result shows that conversation

does disrupt the primary visual attention task, but the type of conversation, remote or in-person,

does not have a significant effect on attention performance.

On the other hand, there was a marginally significant relationship for response time. Responses

were faster in the no conversation condition compared to the remote and in-person conditions. This

finding implies that conversation resulted in slower reactions compared to no conversation, while

conversation type (remote or in-person) did not make a difference. No effect of verbal task difficulty

was found. Since the Cognitron task was a rather simple visual task, the participants� cognitive

capacity could perform both tasks without much interference even if the verbal task was complex.

The second task used was the Peripheral Detection and Dual-processing task. Analysis showed

the same pattern of results for the effect of conversation condition. Both total correct responses

and peripheral detection scores (a function of reaction time) were higher in the no conversation

condition compared to the remote and the in-person conditions. Remote and in-person conversa-

tions did not differ significantly for both indexes. On the other hand, difficulty level of the verbal

task was found to be significant for total correct responses but not for peripheral detection scores.

It may be that since this activity required attention to two different processing tasks at the same

time (peripheral detection and steering), it required more from the participants� cognitive capacity,

and the secondary verbal task caused a decrease in performance in accordance with the capacity

theory of attention (Kahneman, 1973).

We also analyzed the performance on the verbal task. Subjects answered fewer complex ques-

tions for either the Cog or the PDDpT tasks and the effect was greatest for the in-person condi-

tions. This result means that concurrent verbal task is more negatively affected in the in-person
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Fig. 6. Mean number of omissions in the verbal task while performing the primary tasks (Cognitrone and Peripheral

Detection and Dual-processing Task).
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condition compared to the remote condition when the conversation content is complex. When the

conversation becomes more complex, although performance on the primary visual tasks are de-

graded equally in both remote and in-person conversations, verbal task is degraded more in

the in-person condition. This finding is controversial to the view that remote conversations cap-

ture more attention. Furthermore, Gugerty et al. (2004) found that participants slowed their ver-

bal interaction significantly in the remote condition as compared to the in-person condition which

implies that remote verbal interactions are more difficult than in-person interactions. We can attri-

bute this finding to the design of the experimental setting. Since the conversation content was in

question–answer format, subjects felt anxious when answering complex questions. This anxiety

observed to be grater when the questions were posed by the experimenter in the room (in-person

condition). Thus this increased anxiety may be the reason why correct answers to the questions in

the remote condition was higher than the in-person condition. The reason why we selected ques-

tions for the conversation manipulation, was to be able to control the content and the pace of the

conversation. In the future studies, the anxiety evoking feature of this type of conversation should

be considered and tasks that do not create performance anxiety should be used.

These results show that the interactive feature of conversation causes degradation in attention

which is a primary cognitive requirement for safe driving performance. Our finding that verbal

interaction degraded attention and driving-task performance, fits with previous findings that

cell-phone use degrades driving performance (McKnight & McKnight, 1993; Strayer et al.,

2003). This degradation cannot be attributed to psychomotor aspects of phone usage, such as

dialing and holding the phone, because hands-free usage of the phone was simulated in this study.

It seems that the verbal task itself caused the degradation.

In our study, no indication was found that remote conversation caused a decrease in perfor-

mance. In some studies, conversation on a cell phone resulted in slower driving (Waugh et al.,

2000) and poorer performance on an IQ test (Parkes, 1991) as compared to conversation with

a passenger. Some researchers have hypothesized that passengers can see the driving situation

and modulate the conversation according to the demands of the traffic environment by slowing,

pausing or stopping the conversation (Haigney & Westerman, 2001; McKnight & McKnight,

1993; Parkes, 1991). On the other hand with remote conversations, the person on the other end

of the cell phone does not know the driving situation and thus modulation cannot be done. This

may result in greater distraction of the driver and greater risk for cell phone operation. Gugerty

et al. (2004) designed a study to test this modulation hypothesis and compared the effects of con-

versing by forming two person teams. They found that concurrent performance on a verbal task

degraded performance on situation awareness variables, but there was no evidence of greater deg-

radation in remote or in-person verbal interactions. In addition, the participants slowed their ver-

bal interaction significantly in the remote condition as compared to the in-person condition. In

Experiment 1, non-drivers in the in-person condition actually seemed to modulate less than

non-drivers in the remote condition, while in Experiment 2 there was little difference in modula-

tion between the local and remote conditions. Researchers interpreted that these findings could

mean that non-drivers conversing with drivers do not slow their conversation based on traffic con-

ditions as hypothesized in the modulation explanation. In our study we controlled the pace of

conversation by asking questions at a constant speed in both conditions so that neither the par-

ticipants nor the experimenter (passenger) could modulate the rate of interaction. No significant

differences were found in performance on the attention task, and the peripheral detection tasks
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between remote and in-person conditions, which implies that there is no cue for greater resource

allocation for either of the conversation conditions. This finding is parallel with the modulation

hypothesis since differences between remote and in-person conversations were not found in the

case where modulation was not possible. But further experimental studies where modulation is

manipulated should be conducted in order to test this hypothesis.

The results of the study support Strayer et al.�s (2003) ‘‘inattention blindness’’ hypothesis, sug-

gesting that conversation disrupts performance by diverting attention to an engaging cognitive

context other than the one immediately associated with driving. But hands-free cell-phone usage

and in-vehicle passenger conversation did not make a significant difference in the amount of inat-

tention blindness they caused.

These findings imply that conversation has a negative effect on attention, which is an important

component of driving. This effect is greater with difficult conversations which shows that increase

in workload does effect performance in peripheral detection and attention. Also peripheral detec-

tion performance degrades, meaning that stimuli in the peripheral fields are detected less

accurately while conversing. Peripheral vision is a very important resource in driving, for lane-

maintenance (Summala, Nieminen, & Punto, 1996), steering performance (Owens & Tyrrel,

1999) and hazard detection (Chapman & Undewood, 1998; Crundall, Underwood, & Chapman,

1999). Therefore this would suggest that conversing on the phone will lead to a reduction in the

peripheral field of vision and influence steering performance and hazard perception. It should be

noted that cell-phone usage does degrade driving and should be used cautiously by the drivers.

Especially in complex traffic situations it should be turned off or the call should be postponed.

There are some limitations of the current study.We aimed to examined the effects of in-person and

remote conversations on attention and peripheral detection in the context of driving. Although the

tests in Traffic-Psychological Test Battery were used for the assessment of attention and peripheral

detection, further studies using high fidelity simulators and real-life field studies could be effective for

a more reliable generalization to driving performance. Furthermore the use of heterogeneous driver

samples, rather than students as participants, can improve ecological validity. Further studies are

suggested to understand the interaction between conversation, experience and age.
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