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Age-related changes in selective attention, inhibitory eﬃciency, and the ability to form new associations suggest
that older adults may have greater diﬃculty with more complex and less comprehensible symbols. We examined
comprehension of symbols varying in terms of ratings of familiarity, complexity, and comprehensibility, by younger
(aged 18–35) and older (aged 55–70) adults. It was found that older adults have greater diﬃculty than younger adults
in comprehending warning symbols and that accident scenario training improves comprehension. Regression
analyses indicated that familiarity and comprehensibility were important in determining performance on the
pre-training comprehension test by both younger and older adults. However, training eliminated the eﬀects of
stimulus characteristics for younger adults, while older adults’ comprehension continued to be signiﬁcantly
inﬂuenced by comprehensibility. We suggest that symbol design incorporates cues to knowledge to facilitate the
linkage between new knowledge (i.e. the warning symbol) and relevant knowledge in long-term memory.
Statement of Relevance: Symbol characteristics play an important role in age-related diﬀerences in warning
symbol comprehension. To optimise comprehension by older adults, symbols should have a clear relationship with
a real-world referent. Alternatively, symbol design could incorporate cues to knowledge to facilitate the linkage
between new knowledge and relevant knowledge in long-term memory.
Keywords: warnings; safety symbols; ageing; training

1.

Introduction

Symbols play an important role in safety communications due to their potential ability to communicate to
target populations of varying language backgrounds
and reading skills. Additionally, symbols may be useful
in addressing some of the perceptual and cognitive
changes that occur as a result of ageing. For example,
decreased visual acuity can impact the perception of
print, and text comprehension may suﬀer due to
declines in working memory (Baddeley 1986). However, research indicates that many warning symbols are
poorly understood, and comprehension may be worse
for older adults. Some studies have observed poorer
comprehension of warning symbols by older adults
(e.g. Easterby and Hakiel 1981, Collins and Lerner
1982, Zwaga and Boersema 1983, Morrell et al. 1990,
Hancock et al. 1999, Lesch 2003), some no diﬀerence
(e.g. Lesch 2005), and at least one study (Mayer and
Laux 1989) demonstrated better comprehension for
older adults for some symbols. This inconsistent
pattern may reﬂect the use of diﬀerent measures of
comprehension, diﬀerent types of symbols, as well as
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varying deﬁnitions of ‘younger’ versus ‘older’ (see
Nichols et al. 2003). However, an accurate assessment
of symbol comprehension is necessary to protect
against critical confusions that result in increased risk
and to minimise the costs associated with symbol
development.
Just as the designers of products should attempt to
design-out the hazards associated with those products,
designers of warning symbols should attempt to
design-out potentially hazardous misunderstandings.
However, many hazardous situations are challenging
to represent symbolically. For those symbols that are
diﬃcult to improve through re-design, training may be
the only option. Therefore, it is important to design
symbols so as to maximise both initial comprehension
and subsequent learning. Here, we are particularly
interested in the design of symbols that will be well
understood by older populations. It is estimated that,
by the year 2030, 25% of the US population will be
over the age of 60 (Administration on Aging 2010).
Since the age of the workforce is rapidly increasing
and miscommunication of warning information can
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lead to injury or death, it is more important than
ever to improve our understanding of age-related
diﬀerences in warning symbol comprehension.
We suggest that warning symbol design should be
sensitive to age-related cognitive changes such as those
that occur in attention, language, and memory. The
ability to distribute attention across diﬀerent stimuli or
tasks declines with age. A decline in selective attention
(including the ability to selectively attend to higher
priority signals at the expense of lower priority signals)
has been demonstrated for both visual and auditory
stimuli (e.g. Allen et al. 1994, McCalley et al. 1995,
Alain et al. 1996). When attentional resources must be
divided across multiple tasks, older adults tend to
experience greater dual-task costs (e.g. Lindenberger
et al. 2000, Hancock et al. 2003). Declines in selective
attention may also mean that older adults will ﬁnd it
more diﬃcult to focus on the most relevant portions of
a warning or symbol.
Verbal abilities also shift over the lifespan. While
older adults tend to have larger vocabularies than
younger adults, research indicates that word-ﬁnding
ability (e.g. Cohen 1979, Pratt et al. 1989) and verbal
ﬂuency (e.g. McCrae et al. 1987) tend to decrease with
age. For example, when retelling stories, the verbal
output of older adults is characterised by fewer words
(and details) and an increased frequency of pauses
relative to younger adults. It has been suggested that
word-ﬁnding diﬃculty in older adults is due to reduced
activation in the memory network (see, for example,
Rissenberg and Glanzer 1987).
Theoretical accounts of age-related memory
changes include general slowing (e.g. Salthouse 1985),
reduced processing resources (e.g. Salthouse et al.
1989), and loss of inhibitory functions (e.g. Kane et al.
1994) among others (see Luo and Craik 2008). Older
adults demonstrate a relative inability ‘to eﬀectively
inhibit the processing of marginally relevant, irrelevant, and/or distracting stimuli and thoughts’ (Kane
et al. 1994, p. 103). This decline in ‘inhibitory
eﬃciency’ also impacts memory by preventing ‘the
dampening of activation along irrelevant retrieval
pathways’ (Hasher et al. 1991, p. 168, see also Zacks
et al. 1996). One relevant study by Jost et al. (2010)
examined ﬁltering eﬃciency of younger and older
adults in a visual memory task. On each trial,
participants were presented with an array of coloured
rectangles of varying orientations. The task was to
remember the orientations of only the red items and
to ignore the blue and green items. Set size and the
number of relevant and irrelevant stimuli were varied.
Using neural measures (event-related potential eﬀects),
it was determined that older adults (ages 64–92)
showed smaller ﬁltering scores than the younger adults
(ages 19–38) – that is, to be ignored stimuli remained

more active for older adults. This ﬁnding is consistent
with the inhibition-deﬁcit theory. Such age-related
memory changes suggest that older adults may have
greater diﬃculty understanding more complex symbols
since activation of irrelevant features is ‘dampened’ to
a lesser extent than would be expected for younger
adults.
Older adults also tend to show greater diﬃculty
establishing and retrieving associative links between
previously unrelated entities (see Luo and Craik 2008).
Therefore, older workers may have greater diﬃculty in
understanding, and learning, the meaning of warning
symbols that lack a clear relationship with a real-world
referent (i.e. abstract or arbitrary symbols). Some
suggestive evidence comes from Lesch (2004) who
found that age-related diﬀerences in warning symbol
comprehension appeared to be related to the rated
comprehensibility of the symbols (i.e. given the
symbol’s verbal label, how easy is it to understand this
symbol in isolation?). The symbols that were initially
well understood by the older adults, as well as those
symbols that beneﬁted from training, tended to be
rated as highly comprehensible. Furthermore, while
training eliminated eﬀects of familiarity for both
younger (18–35 years of age) and older adults (50–65
years of age), comprehensibility continued to correlate
with performance by older adults such that symbols
that received low ratings of comprehensibility were
more poorly understood. It was suggested that
comprehensibility reﬂects the extent to which the
symbol is capable of triggering appropriate,
context-speciﬁc information and that older adults’
performance hinges to a greater extent on eﬀective
cues to knowledge. However, as the study was not
speciﬁcally designed to assess comprehensibility eﬀects,
a limited range of comprehensibility values was
included.
In the discussion thus far, we have documented
age-related cognitive changes that have implications
for warning symbol comprehension. The manner in
which symbol comprehension is gauged also merits
special consideration, as age-related diﬀerences in
symbol comprehension can also be due to the method
of measurement. Some guidelines (e.g. ANSI Z535.3
2007) suggest that warning symbol comprehension
should be assessed using an open-ended test in
which the respondent is asked to describe the
symbol’s meaning in their own words. However,
since word-ﬁnding ability and verbal ﬂuency tend to
decrease with age, test measures that emphasise verbal
output may underestimate comprehension for older
adults.
Multiple choice tests, on the other hand, minimise
verbal output by requiring the respondent to select the
correct answer from a pool of distractors. However,
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due to age-related declines in selective attention and
inhibitory eﬃciency, older adults may have greater
diﬃculty rejecting incorrect responses. That is, based
on their relationship with the target, plausible
distractors will be somewhat active in memory. If
inhibitory processes are working properly, those
incorrect (but related) responses will, eﬀectively, be
‘shut oﬀ’, and the correct response ‘wins’. If inhibitory
processes are not working properly, there will be a
strong competition among possible responses resulting
in a decreased likelihood that the correct response is
selected.
In light of age-related changes in verbal abilities
and inhibitory processing, we suggest the use of a
semantic relatedness task to assess comprehension in
older adults (see Lesch 2005). In this task, a symbol is
presented with a verbal label and the participant must
decide whether the verbal label corresponds to the
meaning of the symbol. The semantic relatedness task,
like the multiple choice test, has the advantage that
verbal output is not required. However, unlike a
multiple choice test, the correct and distractor labels
are presented on separate trials so as to minimise any
eﬀect of inhibitory (in)eﬃciency. Wolﬀ and Wogalter
(1998) demonstrated that relative plausibility of
distractors plays a major role in determining comprehension levels observed using multiple choice tests.
With the semantic relatedness task, however, correct
and distractor labels are presented on separate trials,
thereby lessening the likelihood of respondents performing the task by comparing relative plausibility of
response options.
To provide guidance in symbol design for older
workers, we examined both younger and older workers’ comprehension of symbols which varied in terms
of complexity and comprehensibility – variables which
were expected to be sensitive to age-related changes in
cognitive processing. Familiarity was also included
since its eﬀects on comprehension are well documented
(e.g. Hancock et al. 2004, see also Ng and Chan 2007).
To examine the eﬀect of these variables, participants’
ratings of symbol characteristics were used to predict
their comprehension performance. Comprehension
was measured by accuracy of, and conﬁdence in,
judgements on the semantic relatedness task. We also
examined the extent to which the accident scenario
training improves comprehension of these diﬀerent
symbol types by younger and older workers. During
training, symbols were presented paired with accident
scenarios which further expanded on the nature of the
hazard, required or prohibited actions, and consequences of failures to comply. Earlier studies have
documented the eﬀectiveness of accident scenario
training (Lesch 2003, 2004, 2008a, 2008b). However,
it was of further interest to determine the extent to

which this training is eﬀective in addressing
comprehension diﬃculties associated with diﬀerent
symbol types. Prior to training, it was hypothesised
that familiarity would be most important in
determining comprehension of warning symbols. If
a symbol is already familiar to a respondent, then its
complexity and comprehensibility should have
minimal eﬀects. Comprehensibility and complexity
would be expected to be more critical for relatively
unfamiliar symbols. It was expected that training
would serve to increase the familiarity of the symbols
and that it might also aid in focusing attention on the
most important aspects of the symbol. However, it is
unclear whether training eﬀectiveness would be
impacted by comprehensibility of the symbols.
2.
2.1.

Method
Participants

One hundred and one study participants (50 females
and 51 males) were recruited through local newspaper/
online advertisements and received $40 for their
participation. All participants were native English
speakers with no uncorrected vision problems. Also,
prospective participants who reported they took
medication or had a health condition that might
inﬂuence their performance in the study were excluded.
Male and female participants were categorised into
two age groups: a ‘younger’ group consisting of 50
individuals between the ages of 18 and 35 (M ¼ 26.3,
SD ¼ 5.0) and an ‘older’ group consisting of 51
individuals 55–70 years of age (M ¼ 62.1, SD ¼ 4.8).
We purposely use the terms ‘younger’ and ‘older’ to
reﬂect a relative diﬀerence in age rather than an
absolute classiﬁcation as ‘young’ or ‘old’. It should
further be noted that our ‘older’ age group might be
more appropriately described as ‘middle-aged’ (see
Nichols et al. 2003). However, these age ranges were
selected to both: (1) represent working age adults and
(2) maximise the likelihood of observing age-related
diﬀerences in warning symbol comprehension. The
study procedures were approved by the Liberty
Mutual Research Institute for Safety’s Institutional
Review Board.
2.2.

Apparatus

Four personal computers (2.8 GHz processor) and
21-in. LCD monitors were used for data collection.
The experimental program was developed and
executed using E-Prime 2.0 (Psychology Software
Tools, Inc.) software. The program measured all valid
keyboard responses as well as reaction times (RTs)
from stimulus presentation onset to participant
keyboard response.
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Stimuli

A pilot study was carried out in order to guide the
selection of symbols for use in the main study. For this
pilot work, 24 younger participants between the ages
of 18 and 35 (Mean ¼ 24.5, SD ¼ 5.8) and 24 older
participants between the ages of 55 and 70 (Mean ¼
60.2, SD ¼ 4.0) rated 99 warning symbols on complexity (‘How complex is this symbol?’ Not at all complex–
extremely complex), familiarity (‘How familiar are you
with this symbol?’ Not at all familiar–extremely
familiar), and comprehensibility (‘How easy would it
be to understand this symbol in isolation? That is,
without knowing anything else about it, do you think
the meaning would be obvious?’ Not at all comprehensible–extremely comprehensible). None of these
participants took part in the main study. For the
comprehensibility ratings, the participants were given
the meaning of the symbol in order to make their
judgements. A manufacturer of safety labels/signs
provided many of these symbols and additional
symbols came from Dreyfuss (1984) and Modley
(1976). All symbols were in current use and represented a variety of industries including (but not limited
to) medical, chemical, construction, laboratory, and
manual material handling. The symbols were presented in a 15 cm 6 15 cm area and subtended
approximately 158 of visual angle (see Figure 1 for
sample symbols).
An attempt was made to select symbols in four
categories: low complexity–low comprehensibility, low
complexity–high comprehensibility, high complexity–
low comprehensibility, and high complexity–high
comprehensibility. However, it was found that complexity and comprehensibility tended to co-vary such
that comprehensibility tended to decrease as complexity increased and vice versa. Therefore, symbols were
not selected so as to vary characteristics independently
but, instead, were selected to cover a range of
familiarity, complexity, and comprehensibility.
Forty-six symbols were selected for use as the
experimental stimuli which were tested for comprehension and received accident scenario training. On a scale
from 1 to 5 (not at all–extremely), familiarity ranged
from 1 to 4.7 (Mean ¼ 2.3, SD ¼ 1.0); complexity
ranged from 1.2 to 4.6 (Mean ¼ 2.9, SD ¼ 0.9); and
comprehensibility ranged from 1.4 to 4.6 (Mean ¼ 2.8,
SD ¼ 1.1). Ten additional symbols served as ﬁller items
during the accident scenario portion of the study.
2.4.

Procedure

Upon arrival, participants read and signed an informed consent form. Participants were seated in front
of a computer and were told that the experiment was
concerned with how people understand warning

symbols. The study consisted of ﬁve main sections
(administered in successive order): pre-training
comprehension, training, demographic questionnaire,
post-training comprehension, and symbol
characteristic judgements.
2.4.1.

Pre-training comprehension

Comprehension of the warning symbols was assessed
via the semantic relatedness paradigm (Lesch 2003)
in which the participant views a symbol paired
with a verbal label and is asked to decide whether or
not the verbal label conveys the meaning of the
symbol.
Participants viewed each symbol twice (resulting in
a total of 92 randomly presented trials) – once with a
label that conveyed the meaning of the symbol (i.e. the
correct label) and another time with a label that did
not convey its meaning (i.e. the distractor label). The
participant’s task was to determine, as quickly as
possible, whether the label conveyed the meaning of
the symbol by pressing ‘Yes’ or ‘No’ on the keyboard.
Immediately following their yes/no response, the
participants reported their level of conﬁdence in their
decision from 1 (not at all conﬁdent) to 5 (certain).
Distractor labels consisted of incorrect (but plausible)
responses given by the participants in a pilot study
(see Figure 2).
2.4.2.

Training

In the training phase of the study, participants viewed
each symbol with its verbal label (1500 ms), followed
by an accident scenario which described an accident
or ‘close-call’ related to the hazard indicated by the
symbol (the display was terminated by the participant’s
button-press), followed by a second presentation of the
symbol with its verbal label (i.e. its referent; 1500 ms).
The accident scenarios further elaborated on the
nature of the hazard depicted by the symbol, the
recommended actions, as well as the possible
consequence of failing to perform these actions (see
Figure 3). The accident scenarios were derived from
accident reports from a number of online sources
(see references) including the U.S. Department of
Labor Occupational Safety & Health Administration
Accident report fatal facts, the National Institute for
Occupation Safety and Health Alerts, the U.S.
Department of Labor Mine Safety and Health
Administration Safety hazard alerts, and the
Centers for Disease Control’s Morbidity and mortality
weekly report. Earlier research (e.g. Lesch 2008a)
indicated that the presentation of an accident scenario
during training provides an additional beneﬁt beyond
provision of the verbal label alone. On 10 ﬁller trials,
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Figure 1.

Sample of symbols used in the experiment.

the accident scenarios were followed by a question on
the content of the accident scenario to encourage
participants to actively read the associated text.
2.4.3. Demographic questionnaire
The demographic questionnaire asked participants
their age, gender, level of education, and years in
the workforce. They were also asked the following
work-related accident questions: ‘Have you ever

worked in a factory, mill, construction site, etc. in
which there were serious hazards to life and limb?’,
‘Have you ever had a work-related accident?’, and
‘Do you know of anyone who has had a work-related
accident?’. The questionnaire was administered
immediately following training and prior to the
post-test comprehension assessment in order to
provide a brief delay between training and post-test
and to prevent rehearsal of the to-be-learned
information.
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2.4.4. Post-training comprehension
Participants were tested again on the meaning of the
symbols using the same paradigm used in the pretraining comprehension test.
2.4.5. Symbol characteristics
Participants were asked to rate each symbol on three
dimensions on a 1–5 scale: familiarity (‘Before today,
how often did you encounter this symbol?’ Not at
all–very frequently), complexity (‘How complex is
this symbol?’ Not at all complex–extremely complex),
and comprehensibility (‘Pretend you are seeing this
symbol for the ﬁrst time and you know nothing
about it. How likely do you think it is that you
could guess that it means [symbol label]?’ Not at all

likely to guess –extremely likely to guess).
Participants ﬁrst rated all symbols (in random order)
on familiarity, followed by complexity, and then
comprehensibility.
3. Results
3.1. Accident scenario comprehension
On average, participants obtained 85.5% (8.6 items
out of 10) correct on the questions associated with
the accident scenarios on the ﬁller trials suggesting that
they were actively reading the accident scenarios.
There were no eﬀects of Gender or Age on
comprehension performance.
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Figure 2. Symbol for cancer-causing substance. (a) Trial
with the correct verbal label. (b) Trial with the distractor
label. (a) Cancer causing substance. (b) Check for broken
links in chain.

Figure 3.

Warning symbol comprehension

To assess warning symbol comprehension, two
dependent measures focused on the accuracy of
responses: (1) per cent correct (where ‘correct’ was
deﬁned as correct acceptance of the target and
correct rejection of the distractor) and (2) composite
conﬁdence scores which incorporated conﬁdence
ratings together with the comprehension responses.
This involved merging the conﬁdence ratings for
target and distractor trials into a single measure of
performance. Conﬁdence ratings were ﬁrst
transformed to a scale from 1 to 10. For target trials
(where the correct answer was ‘yes’), ‘no’ responses

Symbol for conﬁned space with its associated accident scenario.
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were assigned values from 1 to 5 with ‘certain-no’
responses receiving a score of 1 and ‘not at all certainno’ responses receiving a score of 5. ‘Yes’ responses
received scores from 6 to 10 with ‘not at all certainyes’ responses receiving a score of 6 and ‘certain-yes’
responses receiving a score of 10. Therefore, for trials
in which the correct answer is ‘yes’, ‘certain-no’
responses get the least credit, a ‘not at all certain-no’
receives somewhat more credit, and ‘certain-yes’
responses receive the most credit. A similar
procedure was used to transform the conﬁdence
ratings on the distractor trials (where the correct
answer was ‘no’). The two transformed scores
associated with each symbol were averaged to
produce the composite conﬁdence score. Therefore,
comprehension, as reﬂected by composite conﬁdence
scores, is highest when the correct answer is accepted
with certainty and the distractor is rejected with
certainty. Presumably, the ratings of conﬁdence
reﬂect the strength of the associated knowledge –
that is, a certain ‘yes’ should reﬂect a stronger memory
representation/activation than a somewhat conﬁdent
‘yes’. RTs were also analysed.

improvement from pre-training to post-training than
did males, 2.7 vs. 2.4 for females and males, respectively.
However, there was no Test 6 Age interaction (p ¼ 0.2)
indicating that the rate of improvement was similar for
younger and older adults (see Figure 5).
3.2.3.

Reaction times

An ANOVA of RTs to make correct decisions
indicated a main eﬀect of Test, F(1,97) ¼ 248.14,
p 5 0.05, partial Z2 ¼ 0.72, such that correct RTs were
2.2 s faster following training. There was also a main
eﬀect of Age, F(1,97), 38.91, p 5 0.05, partial Z2 ¼ 0.29,
with younger participants responding 1.5 s faster than
the older participants. There was no main eﬀect of
Gender and neither Gender nor Age interacted with
Test (see Figure 6).
3.2.4. Characteristic ratings
Of greater interest is whether symbol characteristics
aﬀected symbol comprehension. Participants rated the

3.2.1. Percent correct
An analysis of variance (ANOVA) was conducted on
percent correct with the within-subject variable Test
Session (pre-training and post-training) and the
between-subjects variables Age (younger and older)
and Gender (male and female). There was a main eﬀect
of Test Session, F(1,97) ¼ 710.23, p 5 0.05, partial
Z2 ¼ 0.88, such that participants obtained 73.6%
correct following training compared with only 31.6%
correct prior to training. There was also a main eﬀect
of Age with higher comprehension for the younger
adults (56.4% correct) than for the older adults (48.7%
correct), F(1,97) ¼ 9.08, p 5 0.05, partial Z2 ¼ 0.09, but
no eﬀect of Gender, F 5 1. Neither Age nor Gender
interacted with Test Session (see Figure 4).

Figure 4. Mean per cent correct and SE as a function of
test and age group.

3.2.2. Composite conﬁdence scores
An ANOVA of composite conﬁdence scores indicated
a main eﬀect of Test, F(1,97) ¼ 752.85, p 5 0.05, partial
Z2 ¼ 0.89, with a higher mean post-training composite
conﬁdence score (Mean ¼ 8.3) compared with the mean
pre-training composite conﬁdence score (Mean ¼ 5.9).
There was also a main eﬀect of Age with higher
comprehension for the younger adults (Mean ¼ 7.5)
than for the older adults (Mean ¼ 7.1), F(1,97) ¼ 7.80,
p 5 0.05, partial Z2 ¼ 0.07. While there was no main
eﬀect of Gender, F 5 1, there was a signiﬁcant Test 6
Gender interaction, F(1,97) ¼ 5.18, p 5 0.05, partial
Z2 ¼ 0.05, such that females showed a higher rate of

Figure 5. Mean composite conﬁdence scores and SE as
a function of test, age group, and gender.
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Table 1. Mean characteristic ratings (SE) as a function
of age group and gender.
Characteristic

Age–gender
Younger
males
Younger
females
Older
males
Older
females

Familiarity

Complexity

Comprehensibility

2.5 (.1)

2.9 (.1)

3.1 (.1)

2.1 (.1)

2.4 (.1)

3.1 (.1)

2.3
2.3 (.1)

2.7
2.4 (.1)

3.1
3.0 (.1)

1.9 (.1)

2.3 (.1)

3.1 (.1)

2.1

2.4

3.l
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Figure 6. Mean RTs in seconds and SE as a function of test
and age group.

symbols on familiarity, complexity, and comprehensibility. It should be noted that the participants rated the
symbol characteristics after comprehension testing and
training of the symbols. This was done so that the
experience of rating the symbols would not inﬂuence
the initial comprehension measurement. To assess the
reliability of the characteristic judgements, Pearson
product moment correlations were calculated between
the ratings collected during the pilot study and those
ratings collected during the main study. The correlation coeﬃcients ranged from .80 to .90 indicating
‘good’ to ‘excellent’ consistency in the measurement of
characteristic judgements (see Cicchetti and Sparrow
1981, Anastasi and Urbina 1997).
The mean familiarity rating was 2.2 (SD ¼ 0.6)
indicating that participants were not very familiar with
the symbols. A 2 (older vs. younger) 6 2 (male vs.
female) ANOVA indicated that males reported being
more familiar (Mean ¼ 2.4) with the warning symbols
than did the females (Mean ¼ 2.0), F(1,97) ¼ 15.45,
p 5 0.05, partial Z2 ¼ 0.14. However, there was no
signiﬁcant eﬀect of Age (see Table 1).
The mean complexity rating was 2.5 (SD ¼ 0.1)
indicating that participants judged the symbols to be
moderately complex. A 2 (older vs. younger) 6 2 (male
vs. female) ANOVA indicated that males rated
the symbols as more complex (Mean ¼ 2.6) than did
the females (Mean ¼ 2.3), F(1,97) ¼ 11.65, p 5 0.05,
partial Z2 ¼ 0.11. There was also a main eﬀect of Age
with younger adults rating the symbols as more
complex (Mean ¼ 2.6) than the older adults (Mean ¼
2.4), F(1,97) ¼ 10.05, p 5 0.05, partial Z2 ¼ 0.09 (see
Table 1).
The mean comprehensibility rating was 3.1 (SD ¼
0.05). A 2 (older vs. younger) 6 2 (male vs. female)
ANOVA indicated that mean comprehensibility rating

did not vary as a function of Age or Gender, Fs 5 1
(see Table 1).
A generalised estimating equation (GEE; Liang
and Zeger 1986) regression approach was used in an
attempt to disentangle the eﬀects of the diﬀerent
stimulus characteristics on comprehension and training
eﬀects (as measured by composite conﬁdence scores).
This approach takes into account the dependency of
observations within an individual by estimating a
working correlation matrix from the residuals. Then,
regression coeﬃcients are estimated, correcting for the
correlation. The Wald w2 is used to assess the
signiﬁcance of the results. This test statistic is
conceptually analogous to the F or t statistic and is
calculated by dividing a regression coeﬃcient (B) by its
standard error, then squaring the quotient (see Liang
and Zeger for further information on the GEE
approach).
3.3. Younger adults
Familiarity and comprehensibility signiﬁcantly
impacted pre-training composite conﬁdence scores
for younger adults, Wald w2 ¼ 16.87, p 5 0.01, and
Wald w2 ¼ 49.34, p 5 0.01, for familiarity and
comprehensibility, respectively. The parameter
estimates indicated that, for each unit increase in
familiarity, composite conﬁdence scores increased
by .56 units and, for each unit increase in
comprehensibility, composite conﬁdence scores
increased by .64 units. However, there was no
signiﬁcant eﬀect of complexity (p ¼ 0.08). Finally, there
was a signiﬁcant interaction between familiarity and
comprehensibility such that increasing familiarity
resulted in a decreased eﬀect of comprehensibility,
Wald w2 ¼ 11.94, p 5 0.01.
A diﬀerent pattern emerged for the post-training
composite conﬁdence scores: None of the stimulus

Ergonomics
characteristics exerted a signiﬁcant eﬀect on posttraining comprehension by the younger adults
suggesting that training was eﬀective in addressing
comprehension diﬃculties associated with these
variables.
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3.4.

Older adults

As was the case for younger adults, pre-test composite
conﬁdence scores for older adults were signiﬁcantly
impacted by familiarity and comprehensibility of
the symbols, Wald w2 ¼ 19.10, p 5 0.01, and Wald
w2 ¼ 26.40, p 5 0.01, for familiarity and comprehensibility, respectively. The parameter estimates indicated
that, for each unit increase in familiarity, composite
conﬁdence scores increased by .21 units and, for each
unit increase in comprehensibility, composite conﬁdence scores increased by .42 units. While there was
no main eﬀect of complexity, p ¼ 0.5, complexity
moderated the eﬀect of comprehensibility as indicated
by a signiﬁcant complexity by comprehensibility
interaction, Wald w2 ¼ 7.23, p 5 0.01. Increases in
complexity resulted in a decreased eﬀect of
comprehensibility.
Following training, only comprehensibility signiﬁcantly inﬂuenced composite conﬁdence scores for older
adults, Wald w2 ¼ 12.74, p 5 0.01, suggesting that
comprehensibility of the symbols is also critical for
older adults’ learning of warning symbols.
To summarise, as predicted, both familiarity and
comprehensibility were important in determining
performance on the pre-training comprehension test
by both younger and older adults. Furthermore,
increasing familiarity served to decrease comprehensibility eﬀects, but only for younger adults. It was
hypothesised that, for highly familiar symbols, other
stimulus characteristics would be less inﬂuential. That
is, if the association between the symbol and its
meaning is well established for the respondent,
decoding of the symbol becomes unnecessary. For
older adults, on the other hand, the eﬀect of
comprehensibility was moderated by complexity rather
than familiarity. One interpretation is that the meaning
of complex symbols is less apparent (i.e. less comprehensible) for older adults due to a relative inability to
focus on the most relevant aspects of the symbol. This
interpretation is consistent with the research reviewed
earlier indicating that the ability to selectively attend
tends to decline with age.
Training served to eliminate the eﬀects of stimulus
characteristics for younger adults, while older adults’
comprehension continued to be signiﬁcantly (but less)
inﬂuenced by comprehensibility of the symbols. Therefore, even the increased exposure to the symbols (i.e.
increased familiarity due to training) did not fully
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counteract the eﬀect of comprehensibility for older
adults.
4. Discussion
Age-related eﬀects on warning symbol comprehension
have been inconsistently observed in the literature. We
suggest here, and elsewhere, that a number of factors
could contribute to this pattern of results including
comprehension measure, type of symbols, as well as
varying deﬁnitions of ‘younger’ versus ‘older’. We
suggested that age-related changes in cognitive
processing have implications for both comprehension
of warning symbols and the methods used to assess
that comprehension. The semantic relatedness task was
used to assess comprehension, since it minimises verbal
output (verbal ﬂuency tends to decline with age). We
hypothesised that, due to age-related cognitive changes
in attention, language, and memory, certain types of
symbols would be especially diﬃcult for older adults to
comprehend – that is, older adults would have greater
diﬃculty with more complex and less comprehensible
symbols.
The current results replicated our earlier ﬁndings
that older adults have greater diﬃculty than younger
adults in comprehending warning symbols and that
accident scenario training improves comprehension,
conﬁdence in responses, as well as speed of responding
(Figures 4–6). We further found that both familiarity
and comprehensibility of the symbols exerted a
signiﬁcant inﬂuence on pre-training comprehension for
both younger and older adults. Contrary to our
predictions, complexity did not signiﬁcantly inﬂuence
pre-training comprehension for either younger or older
adults, although it did moderate the eﬀect of
comprehensibility for older adults. This ﬁnding is
consistent with the suggestion that age-related
decreases in inhibitory eﬃciency result in decreased
comprehensibility. For younger adults, the eﬀect of
comprehensibility was moderated by familiarity – for
highly familiar symbols for which the meaning is well
established for the respondent, comprehensibility is
less inﬂuential.
We also found that comprehensibility of the
symbols was strongly related to comprehension after
training, but only for the older adults. This ﬁnding is
consistent with the research on age-related memory
changes that indicates that older adults have greater
diﬃculty in forming new associations (see Luo and
Craik 2008) – less comprehensible symbols lack a
clear relationship with their real-world referent and
tend to be more abstract, or even arbitrary, in that
relationship. Our results further suggest that
comprehensibility plays an important role in learning
by older adults – that is, despite training,
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comprehensibility continued to predict comprehension
performance. For less comprehensible symbols, it is
relatively ineﬀective to provide accident scenarios that
further elaborate on the nature of the hazard, the
required actions, and the consequences of failures to
comply. Therefore, an important question is whether
symbol design can somehow facilitate learning of less
comprehensible symbols? An example of a symbol
design that, if unfamiliar, may appear incomprehensible is the symbol for cancer-causing substance (see
Figure 2). However, this symbol incorporates a verbal
retrieval cue – the letter ‘c’ for ‘cancer’. We are
currently investigating the role that such cues to
knowledge may have in addressing initial comprehension, and learning, of less comprehensible symbols by
the older adults. We hypothesise that these cues will
facilitate the linkage between new knowledge (i.e. the
warning symbol) and relevant knowledge in long-term
memory. In essence, the cue helps to make the new
knowledge ‘old’, or already known, by providing a
clearly recognisable and familiar piece of information
that relates the new information to already known
information.
A limitation of the current study is that we were
unable to vary the symbol characteristics independently in order to more deﬁnitively determine their
relative contributions. Therefore, some caution must
be taken in interpreting the results. However, it was
still possible to use regression methods to demonstrate that the relative importance of stimulus
characteristics varied as a function of age and
training. We are currently exploring the possibility
that the amount of information (i.e. complexity)
contained in the symbol may not be the critical
factor, but, rather, whether or not that information
is relevant to determining the meaning of the
symbol. If this is the case, then it should be possible
to further pull-apart the eﬀects of complexity and
comprehensibility by varying the relevance of additional information.
Another potential limitation is that the method of
obtaining comprehensibility ratings (i.e. ﬁrst providing
the meaning and then asking participants how likely
they would be to guess that meaning) might have
introduced a ‘hindsight’ bias – that is, participants
might have over-estimated the likelihood of guessing
the symbol’s meaning. Fischoﬀ (1975) observed that
participants tend to assign a higher likelihood of
occurrence to outcomes that they have been told are
true. However, it seems unlikely that the relative
ratings of symbols would be impacted by this potential
bias and, even if this bias was operating in the current
study, it would not explain the diﬀering patterns
of comprehensibility eﬀects for the younger and older
participants.

Chan and Ng (2010, see also Ng and Chan 2011)
recently reported the results of another study
examining the eﬀects of sign characteristics on training
eﬀectiveness but failed to observe eﬀects of familiarity,
concreteness, simplicity, meaningfulness, and semantic
closeness. These results appear to be in contrast to the
results reported in this study. However, Chan and Ng
used simple paired-associate learning (symbol-verbal
label), recall training, and recognition training. None
of these training methods further expanded on the
nature of the hazard communicated by the symbols as
did the accident scenario training used here.
Furthermore, Chan and Ng used a multiple choice test
to assess comprehension, whereas we used a semantic
relatedness task– as argued earlier the method used to
assess comprehension can inﬂuence observed
comprehension levels. Finally, while some of the
characteristics studied by Chan and Ng bear some
relationship to the characteristics studied here, there
are likely to be diﬀerences. Our results suggest that
familiarity, complexity, and comprehensibility are
closely related and interact with one another to
inﬂuence comprehension and that their inﬂuence on
training eﬀectiveness diﬀers across younger and older
adults. It will be important for future research to
further disentangle the eﬀects of symbol
characteristics on comprehension and training so
that we can more eﬀectively design warning symbols
as well as training programmes to improve their
comprehension. However, based on the current
results, we are able to make some tentative
suggestions regarding symbol design and training: (1)
symbols should be visually simple and
representational – simple and direct is best; (2) as
regards complexity, increased detail should be
relevant and necessary in communicating the
symbol’s meaning; (3) if a symbol must be abstract,
it should not be arbitrary (arbitrary symbols are
those symbols that have little meaning in and of
themselves); (4) however, if the use of abstract or
arbitrary symbols cannot be avoided, inclusion of
contextual or verbal cues in the design may facilitate
initial symbol comprehension as well as increase
training eﬀectiveness. While we believe these
recommendations are especially important in
ensuring older adults’ comprehension and memory
for warning symbols, our results also indicate that
they should beneﬁt younger adults’ comprehension
as well.
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