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Process for Comprehension Testing of In-Vehicle Symbols

RATIONALE

Symbols — also referred to as icons - can be used to communicate information to the driver in a manner that is not dependent
on language and can save valuable space on in-vehicle displays. Incomprehensible symbols, however, have the potential
to negatively affect safety (e.g., if the driver does not understand the symbol and either does not respond in a timely manner,
or responds in a manner that makes things worse). Despite the ubiquity of symbols within the in-vehicle environment, few
guidelines exist for testing of symbols. Key shortcomings of existing symbol testing procedures include: (1) a lack of
contextual information provided to experimental participants, (2) over-reliance on evaluator judgment regarding how well an
experimental participant comprehended a symbol's meaning, and (3) a lack of prescriptive information - feedback to symbol
designers regarding how individual symbols could be improved based on the results of the comprehension testing.

This update to the 2008 version of J2830 includes (1) references to ISO symbols testing guidelines, (2) more recent research
in this area (e.g., Chi & Dewi, 2014; Huang, Shieh, & Chi, 2002), (3) research not considered in previous drafts (e.g., Zwaga,
1989 and Zwaga, 2000), (4) newer ways in which symbols are used in the in-vehicle environment (e.g., on mirror surfaces),
and (5) references to other aspects of the symbol development procedure to aid the comprehension testing process and
make it more likely to lead to easily-perceived and well-understood symbols.

Although the focus of this document is comprehension testing of in-vehicle symbols, there are a number of additional symbol
design/evaluation procedures that provide great value to the overall process of developing effective symbols. Therefore,
this recommended practice provides an overview of procedures for the production test (4.1.3.1) the appropriateness ranking
test (4.1.3.2), and the matching test (4.5).

INTRODUCTION

This recommended practice provides a valid and reliable process for testing the comprehension of candidate automotive
symbols. The comprehension testing process was developed though a multi-year effort, supported by the SAE International
(SAE) and other organizations, aimed at generating a test method-that would: (1) yield high-quality comprehension data for
new and proposed automotive symbols, (2) provide clear and specific guidance to symbol developers regarding how they
can redesign these symbols to improve comprehension, and (3) be adopted and performed internationally to support
international standards efforts.
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1. SCOPE

This recommended practice describes a process for testing the comprehension of static (i.e., fixed or non-dynamic) symbols
for all ground vehicles, for both OEM and aftermarket products. With advancing display technology, it is now possible to
display dynamic symbols (e.g., a spinning beach ball to show that a process is ongoing, or a diagram showing energy
distribution in hybrid vehicles). Such graphics are outside of the scope of this recommended practice, though extensions
of this process may be useful for testing them. However, several symbols which occupy the same space on a display may
change state without movement (e.g. play/pause button); these are within the scope of this recommended practice.

The process described in this recommended practice includes criteria that are used to identify how well the perceived
meaning matches the intended meaning for a representative sample of drivers. The data from this process are analyzed to
determine the drivers’ comprehension of the symbol. These data provide guidance as to the symbols that can be improved
and used. Although the process described in this recommended practice emphasizes a paper-and-pencil approach to
administer the test, a computer could be used instead.

NOTE: This process was initially developed specifically for testing active safety symbols (e.g., collision avoidance
functions), or other symbols that reflect some in-vehicle message (e.g., navigation, vehicle status, or infotainment
functions). For that reason, many of the examples provided concern those systems.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001 USA, phone: 877-606-7323
(inside USA and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

Campbell, J. L., Kludt, K., & Kiefer, R. J. (2007). Evaluation of in-vehicle symbols for an sntersection crash avoidance
system. (SAE paper 2007-01-3518). Warrendale, PA: SAE International, DOI: 10.4271/2007-01-3518.

Campbell, J. L., Hoffmeister, D.H., Kiefer, R. J., Selke, D. J., Green, P. & Richman, J. B. (2004). Comprehension testing of
active safety symbols (SAE paper. 2004-01-0450). Proceedings of the SAE 2004 World Congress. Warrendale, PA: SAE
International. (Also published by SAE in SP-1877, Human Factors in Driving and Telematics, and Seating Comfort), DOI:
10.4271/2004-01-0450.

Cullinane, B. & Kirn, C. (2012). Timely comprehension: A methodology for evaluating integration of in-vehicle warnings
systems (SAE paper 2012-01-0100). Warrendale, PA: SAE International, DOI:10.4271/2012-01-0100.

Green, P. (1979). Development of pictographic symbols for vehicle controls and displays (SAE paper #790383). Warrendale,
PA: Society of Automotive Engineers, DOI: 10.4271/790383.

Jack, D. D. (1972). Identification of controls-a study of symbols (SAE paper 720203)., Warrendale, PA: SAE International,
DOI: 10.4271/720203.

Saunby, C. S, Farber, E. I., & DeMello, J. (1988). Driver understanding and recognition of automotive ISO symbols. (SAE
paper 880056). Warrendale, PA: SAE International, DOI: 10.4271/880056.

Sayer, J.R. & Green, P. (1988). Current ISO automotive symbols vs. alternatives: A preference study (SAE paper 880057
and SAE Special Publication SP-752). Warrendale, PA: SAE International, DOI: 10.4271/880057.

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report. Documents
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ANSI 7535 3 (American National Standards Institute). (2011). American national standard criteria for safety symbols.
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Baber, C., & Wankling, J. (1992). An experimental comparison of test and symbols for in-car reconfigurable displays. Applied
Ergonomics, 23(4), 255-262.

Balbale, U., & Kiefer, R. J. (June, 2001). Driver preference rankings of various collision avoidance-related symbols.
Presented at ISO TC22/SC13/WG5 (Road Vehicles-Symbols for Controls, Indicators and Telltales) meeting in Dresden,
Germany.

Bewley, W. L., Roberts, T. L., Schroit, D., & Verplank, W. L. (1983, December). Human factors testing in the design of
Xerox's 8010 “Star” office workstation. Proceedings of the SIGCHI conference on Human Factors in Computing Systems,
72-77. ACM.

Brugger, C. (1999). Public information symbols: A comparison of ISO testing procedures. Zwage, H, Boersems, T., &
Hoonhout, H. (eds.), Visual information for everyday use: Design and research perspectives, London, UK: Taylor and
Francis, 305-313.

Campbell, J. L., Richman, J. B, Carney, C., & Lee, J. D. (2004). In-vehicle display icons and other information elements:
Volume [: Guidelines (FHWA-RD-03-06503-065). McLean, VA: U.S. Department of Transportaiton, Federal Highway
Administration. (see also http://www.fhwa.dot.gov/publications/research/safety/03065/index.cfm).

Chi, C.-F., & Dewi, R. S. (2014). Matching performance of vehicle icons in graphical and textual formats. Applied
Ergonomics, 45(4), 904-916. Available online April 3, 2105. DOI: 10.1016/j.apergo.2013.11.009.

Chong, M., Clauer, T., & Green, P. (1990). Development of candidate symbols for automobile functions (technical report
UMTRI 90-25), Ann Arbor, MI: University of Michigan Transportation Research Institute.

Collins, B. L. (1982). The development and evaluation of effective symbol signs. (NBS Building Science Series, 141),
Washington, DC: U.S. Department of Commerce.

Cozby, P. C. (2009). Methods in Behavioral Research (10t ed.), New York, NY: McGraw-Hill.

Eberhard, J. & Green, P. (1989). The Development and testing of warnings for automotive lifts (technical report UMTRI-89-
26). Ann Arbor, MI: The University of Michigan Transportation Research Institute.

Federal Motor Vehicle Safety Standards: Controls and displays — Passenger cars, multipurpose passenger vehicles, trucks
and buses (2000; FMVSS 101) Washington DC: National Highway Traffic Safety Administration

Green, P. (1993). Design and evaluation of symbols for automobile controls and displays. In B. Peacock & W. Karwowski
(Eds.), Automotive Ergonomics (chapter 12, 237- 268). London, UK: Taylor and Francis.

Green, P. (1981). Displays for automotive instrument panels: Production and rating of symbols. HSRI/ Research Review,
July-August, 1-12.

Green, P., & Pew, R. W. (1978). Evaluating pictographic symbols: An automotive application. Human Factors, 20(1),
103-114.

Hoekstra, E., Williams, M., & Green, P. (1993). Development and driver understanding of hazard warning and location
symbols for IVSAWS (technical report UMTRI-93-16). University of Michigan, Transportation Research Institute.

Hoffmeister, D. H., Arsenault, J. S., & Crandall, H. E. (1995, October). Recognition of automotive climate control symbols.
Proceedings of the Human Factors and Ergonomics Society Annual Meeting, Santa Monica, CA: Human Factors and
Ergonomics Society, 511-515.

Huang, S. M., Shieh, K. K., & Chi, C. F. (2002). Factors affecting the design of computer icons. International Journal of
Industrial Ergonomics, 29(4), 211-218.
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International Organization for Standardization (2014). Graphical symbols — Test methods — Part 1: Method for testing
comprehensibility (ISO 9186). Geneva: Author.

International Organization for Standardization (2008). Graphical symbols — Test methods — Part 2: Method for testing
perceptual quality (ISO 9186). Geneva: Author.

International Organization for Standardization (2014). Graphical symbols — Test methods — Part 3: Method for testing symbol
referent association (ISO 9186). Geneva: Author.

International Organization for Standardization (2004). Graphical symbols -- Technical guidelines for the consideration of
consumers' needs (ISO/IEC Guide 74:2004). Geneva: Author.

International Organization for Standardization (2012). Safety of machinery - Rules for drafting and presentation of safety
standards (ISO Guide 78:2012). Geneva: Author.

International Organization for Standardization (2010). Road vehicles - Symbols for controls, indicators and tell-tales (1ISO
2575). Geneva: Author.

Karsh, R. and Mudd, S.A. (1962). Design of a picture language to identify vehicle controls lll. A Comprehensive evaluation
of selected picture-symbol designs (Technical Memorandum 15-62), Aberdeen Proving Ground, MD: U.S. Army Human
Engineering Laboratory, August.

MacBeth, S. A., Moroney, W. F., & Biers, D. W. (2006). Developing icons and symbols: A comparison of two
methods. Ergonomics in Design, 14(4), 14-18.

Mudd, S.A. and Karsh, R. (1961). Design of a picture language to identify vehicle controls I. General method Il. Investigation
of population stereotypes (Technical Memorandum 22-61), Aberdeen Proving Ground, MD: U.S. Army Human Engineering
Laboratory, December.

Ng, A. W., & Chan, A. H. (2015). Effects of user factors and sign referent characteristics in participatory construction safety
sign redesign. Safety Science, 74, 44-54.

Ng, A. W, Siu, K. W. M., & Chan, C. C. (2012). The effects of user factors and symbol referents on public symbol design
using the stereotype production method. Applied ergonomics, 43(1), 230-238.

Ng, A. W., Siu, K. W. M., & Chan, C. C. (2013). Perspectives toward the stereotype production method for public symbol
design: A case study of novice designers. Applied ergonomics, 44(1), 65-72.

National Highway Traffic Safety Administration (NHTSA). (2013). Visual-manual NHTSA driver distraction guidelines for in-
vehicle electronic devices (DOT 37-13; Docket No. NHTSA-2010-0053). Retrieved from
http://www.nhtsa.gov/About+NHTSA/Press+Releases/U.S.+DOT+Releases+Guidelines+to+Minimize+In-
Vehicle+Distractions.

Richman, J. B., Campbell, J. L., & McCallum, M. C. (2002). Effective IVIS comprehension research: Context and response
scaling methods Proceedings of the 46" Annual Meeting of the Human Factors and Ergonomics Society, Santa Monica,
CA: Human Factors and Ergonomics Society, 1939-1943.

Vukelich, M. & Whitaker, L.A. (1993). The effects of context on the comprehension of graphic symbols, Proceedings of the
Human Factors and Ergonomics Society Annual Meeting, Santa Monica, CA: Human Factors and Ergonomics Society, 511-
515.

Wolff, J. S., & Wogalter, M. S. (1998). Comprehension of pictorial symbols: Effect of context and test method. Human
Factors, 40(2), 173-186.

Zwaga, H. J. (1989, October). Comprehensibility estimates of public information symbols; their validity and use. Proceedings
of the Human Factors and Ergonomics Society Annual Meeting , Santa Monica, CA: Human Factors and Ergonomics
Society, 979-983).
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Zwaga, H. J., & Mijksenaar, P. (2000, July). The development and standardization of warning symbols; The role of design
and human factors. Proceedings of the Human Factors and Ergonomics Society Annual Meeting.Santa Monica, CA: Human
Factors and Ergonomics Society, 782-785).

3. DEFINITIONS

3.1 COMPREHENSION

The degree to which a user understands the intended meaning of a symbol.

3.2 COUNTERBALANCING

Using all of the possible orders of conditions, or randomly determining the order for each participant to control for order
effects (Cozby, 2009).

3.3 CRITICAL CONFUSION

A response to the symbol undergoing comprehension testing indicating that the test participant perceived the meaning to
convey a potentially unsafe action/meaning or one actually prohibited by the symbol.

3.4 “MAJOR” MESSAGE ELEMENTS

Those words or phrases within the definition or message associated with a symbol that are critical to adequate
comprehension. For example, for a “Tire pressure warning-low” symbol, the “tire” and “warning” parts of the message are
“‘major” elements. See 4.1.2.1.

3.5 MESSAGE

The idea, status, or action that the symbol is intended to represent.

NOTE: 1SO 9186 and other documents use the term referent.

3.6 “MINOR” MESSAGE ELEMENTS

Those words or phrases within the definition or message associated with a symbol that are less critical to adequate
comprehension. For example, for a “Tire pressure warning-low” symbol, the “pressure” and the “low” parts of the message
are “minor” elements. See 4.1.2.1.

3.7 SAFETY CRITICAL SYMBOLS

Symbols that are intended to communicate a likely or immediate hazard, status, or required action.

3.8 SYMBOL

A visually perceptible figure used to transmit information, usually independently of language, produced by drawing, printing
or other means (see also 1ISO 2575)

NOTE: In this recommended practice, the term “symbols” does not refer to mathematical symbols (e.g., +, =, or > ) or
words/letters (e.g., CRUISE or BRAKE).

4. PROCESS STEPS

4.1 Step 1: Develop and Review Candidate Symbols for Subsequent Comprehension Testing

4.1.1  Obtain candidate symbols for testing

Symbols should be provided by individuals and organizations interested in having the comprehensibility of candidate

symbols assessed. All symbols should be submitted as electronic graphic files (e.g., .jpg or.gif). Alterﬁmm@bﬂ@

same symbol should be as similar as possible, in terms of size, appropriate color, resolution, atc. | t%éhc%mteerﬁdgﬁaf%uﬁ-lub
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