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FIGURE 8 Effect of navigation system on diversion distributions. 

if they diverted at either the first or second recommended 
exit. 

DISCUSSION 

The subject population for this experiment was relatively di
verse and probably reasonably representative of typical com
muters. Subjects related reasonably well to the simulation and 
experimental procedures. Diversion response to the conges
tion conditions as compared to the speed profiles seems quite 
rational. Of all the subject grouping variables, only age seemed 
to have any consistent effect on diversion behavior, with the 
old age group (>55) being more hesitant to divert than younger 
subjects. Interestingly enough, route familiarity did not seem 
to have a bearing on route diversion behavior. In this exper
iment unfamiliar drivers were not any more reluctant to divert 
than familiar drivers. This could suggest that drivers are com
fortable in general with southern California driving conditions 
so that knowledge of a specific area is not critical. It is also 
possible that many familiar drivers, although familiar with the 
Garden Grove Freeway, were not familiar with its environs 
so that the familiar and unfamiliar populations may not have 
been significantly different. 

Navigation system configuration influenced diversion de
cisions for all congestion conditions. The static map proved 
to be no better than the control condition (no navigation 
system), which is not surprising because the static map gave 
no feedback on traffic congestion. The advanced and route 
guidance conditions gave the best results, which is consistent 
with their navigational capability. The dynamic map system 
does give feedback on congestion conditions, but offers no 

route guidance assistance, and so gave performance that was 
worse than the advanced and route guidance systems but bet
ter than the static map and control configurations. This result 
suggests that a static map system is of marginal help in de
ciding when to divert from the freeway, although once di
verted it would assist in route finding. The route guidance 
system proved to be nearly as good as the advanced system. 
For people that have some facility for using maps, a map
based system might be better, again because subsequent to 
diversion, the map-based system could provide further help 
in route finding. Computer and display technology is devel
oping at such a rapid rate that a map-based system may not 
be any more expensive than a route guidance system, and 
both display formats could be easily provided using the same 
basic set of information. 

The diversion rates for all of the navigation system con
ditions (including the control or no system condition) were 
quite high indicating significant aversion to congestion, high 
compliance with navigation system recommendations, or both. 
Since the emphasis in this experiment was on diverting to 
avoid congestion, it is possible that subjects were overly mo
tivated in their diversion response. However, if navigation 
systems become popular and traffic control management sys
tems are considered to be reliable, it is probable that com
muters will have a similarly high motivation for route diver
sion. For the purposes of subsequent traffic flow analysis of 
the consequences of driver route diversion, it is possible to 
scale the cumulative diversion distribution plots to account 
for lower or higher diversion motivation (e.g., to account for 
trip purpose, confidence in traffic management system, and 
so on). Subjects did respond that other conditions, such as 
trip purpose and certain environmental conditions, would cause 
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lower di version tendency (or tolerance for longer delays) so 
a basis does exist for scaling diversion rates. Scaling the cu
mulative distribution functions by multiplicative factors to 
vary the effect of subject diversion motivation is suggested. 
The old-age group effect on the diversion distributions can 
be considered approximately as a multiplicative effect, and 
this subject group result should be maintained in further 
analysis. 

REFERENCES 

1. G. F. King. Driver Performance in Highway Navigation Tasks." 
In Transportation Research Record, 1093, TRB , National Re
search Council, Washington, D.C., 1986, pp . 1-11. 

2. Route Guidance and In-Car Communication Systems, Organi
sation for Economic Cooperation and Development, Paris, 1988. 

3. R. Dial. The ETAK Digital Map Database: Potential Application 
in Highway Transportation. In Technology Options for Highway 
Transportation Operations. University of Calif., Berkeley, Insti
tute for Transportation Studies, UCITS-P-87-1, 1987, pp. 82-93. 

4. R. von Tomkewitsch. The Traffic Guidance System: Ali-Scout. 
In Technology Options for Highway Transportation Operations, 
University of California, Berkeley, Institute for Transportation 
Studies, UCITS-P-87-1, 1987, pp. 130-142. 

5. R. W. Allen, D. A. Ziedman, and J. F. Torres, Laboratory 
Assessment of the Potential Traffic Benefits of Jn-Vehicle Navi
gation and Information Systems: Task A Working Paper-Tech
nology Assessment. WP-2372-1, Systems Technology, Inc., Haw
thorne, Calif. Jan. 1989. 

6. G. W. Evans. Environmental Cognition . Psychological Bulletin 
88, pp. 259-287. 

7. J. R. Anderson and G. F. Bower, Human Associative Memory. 
V. H. Winston, New York, 1973. 

8. S. M. Kosslyn. Information Representation in Visual Images. 
Cognitive Psychology, Vol. 7, 1975, pp. 341-370. 

9. L.A. Streeter and D. Vitello. A Profile of Drivers' Map-Reading 

91 

Abilities. Human Factors, Vol. 28, No. 2, April 1986, 
pp. 223- 239. 

10. W. B. Yerwey and W. H. Janssen, Route Following and Driving 
Pefomumce 111irli Jn-Car Route G11id1111ce Systems . Report No. 
IZF -14, Institute for Perception T 0, The Netherlands, 1988. 

11. W. W. Weirwille, M. C. Hulse, T. J. Fischer, et al. Effects of 
Variations in Driving Task Attentional Demand on In-Car Nav
igntio11 System Usage. Department Report No. 87-02. IEOR Vir
ginia Polytcchni In titutc and tatc University, cpt . 1987. 

12. 0. J. Jeffery, K. Ru ·am, and D. I. Robert on. Electronic Route 
Guidance by AUTOGUtD : The Re carch Background. Tr11ffic 
Engineering and Control, Vol. 28, No. 10, Oct. 1987, 
pp. 525- 529. 

13. R. W. Allen, A. C. Stein, D. Hill, et al. Traffic Signal Display 
Complexity, TR-1204-1, Systems Technology, Inc., Hawthorne, 
Calif. March 1986. 

14. A. C. Stein, Z. Parseghian, R. W. Allen, et al. Overhead Guide 
Sign Visil>ility Factors, Vol. I: Final l~eport, FHW/\-RD-88-196; 
Vol. II: Appendices, FHWA-RD-88-197, U .. Department of 
Transportation, Feb. 1989. 

15. E. S. Krcndel, R. W. Allen, Z. Parseghian, et al. Pilot Risk 
Assessment of Windshear Hazards. TR-1246-1, Systems Tech
nology, Inc., Hawthorne, ulif., Oct. 198 . 

16. A. C. Stein, R. W. Allen, and S. H. Schwurtz. Use of Reward
Pcnally tructures in Human Experimentation . 14th A111111a/ 011-

fere11ce 011 Manual Control, NA A P-2060, NASA Ames Re
search enter, Moffcll Field, Calif. , ov. 1978, pp . 167- 178. 

17. J.E. Baerwald, M. J. Rubber, and L. E. Keefer. Transportation 
and Traffic Engineering Handbook. Prentice-Hall, Inc., Engle
wood Cliffs, N.J., 1976. 

18. M. Yeldin, M. Lieberman, B. Andrews, A. Rathi, J. Torres. 
TRAF User Guide. Contract DTFH61-85-C-00005, KLD Asso
ciates, Inc., Huntington Station, N.Y., Mar. 1988. 

19. Quattro Pro, Borland International, Inc., Scotts Valley, Calif., 
1989. 

20. Harvard Graphics, Version 1.01, Software Publishing Corp., 
Mountain View, Calif., 1987. 

21. Stats+, Statsoft, Inc., Tulsa, Okla., 1988. 

Publication of this paper sponsored by Task Force on Advanced 
Vehicle and Highway Technologies. 


