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Abstract
The present study investigates age differences in the vulnerability to illusory correlations be-

tween fear-relevant stimuli and threatening information. Younger and older adults saw pic-

tures of threatening snakes and nonthreatening fish, paired with threatening and nonthreaten-

ing context information (“poisonous” and “nonpoisonous”) with a null contingency between 

animal type and poisonousness. In a source monitoring test, participants were required to re-

member whether an animal was associated with poisonousness or nonpoisonousness. Illusory 

correlations were implicitly measured via a multinomial model. One advantage of this ap-

proach is that memory and guessing processes can be assessed independently. An illusory 

correlation would be reflected in a higher probability of guessing that a snake rather than a 

fish was poisonous if the poisonousness of the animal was not remembered. Older adults 

showed evidence of illusory correlations in source guessing while younger adults did not; in-

stead they showed evidence of probability matching. Moreover, snake fear was associated 

with increased vulnerability to illusory correlations in older adults. The findings confirm that 

older adults are more susceptible to fear-relevant illusory correlations than younger adults.  

Keywords: Source monitoring, schemata, illusory correlations, multinomial model, covaria-

tion bias

Influences of Age and Emotion on Source Guessing                                                                                    Page 2



Introduction
The present experiment examined the influence of age on the vulnerability to illusory correla-

tions between emotional stimuli and threatening and nonthreatening context information. Il-

lusory correlations occur when people perceive a relationship between two types of events 

(e.g., membership in a minority group and negative behavior) while these events are actually 

unrelated. There is evidence that older adults are more vulnerable to illusory correlations than 

younger adults (Mutter & Pliske, 1994; Mutter, Strain, & Plumlee, 2007). For example, Mut-

ter and Pliske (1994) investigated illusory correlations between person descriptions (e.g., ho-

mosexual) and responses from the Rorschach Inkblot Test (e.g., of the category anal). These 

studies suggests that older adults seem to have difficulties to update and to integrate new in-

formation in their existing knowledge about the relationship between events. In consequence, 

they overestimate the frequency with which the expected pairings occur. These findings have 

been attributed to a reduction in the availability of cognitive resources in old age (Craik, 

1982; Craik & Byrd, 1982; Mutter, 2000) that might limit older adults’ ability to correctly 

represent contingencies that are inconsistent with their expectations. The present study ex-

tends the previous findings in two ways. First, we examined the influence of age on the vul-

nerability to fear-relevant illusory correlations, which may play a role in the prevalence of 

phobias (De Jong, Van den Hout, & Merckelbach, 1995). Second, we used a different meth-

odological approach to measure illusory correlations. Instead of asking participants to verbal-

ize the introspectively accessible contingency judgements, we assessed the fear-relevant illu-

sory correlations implicitly by assessing participants’ biases in source monitoring. This ap-

proach has been successfully applied to measure illusory correlations in social stereotyping 

(Klauer & Meiser, 2000; Meiser & Hewstone, 2001), and it allowed us to distinguish between 

different underlying processes (Klauer & Meiser, 2000).

Illusory correlations between phobic stimuli and threatening events have been exten-

sively studied (Amin & Lovibond, 1997; De Jong et al., 1995; Kennedy, Rapee, & Mazurski, 

1997; Tomarken, Cook, & Mineka, 1989; Tomarken, Sutton, & Mineka, 1995). It is well 

known that associations between fear-relevant stimuli and negative events, such as the asso-

ciation between pictures of snakes and electric shocks, are easily acquired (Öhman & Mi-

neka, 2003). Even when fear-relevant and fear-irrelevant stimuli are followed by negative 

events with the same probability, people tend to overestimate the contingency between fear-
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relevant stimuli and negative events. Fear-relevant illusory correlations were most reliably 

found in highly anxious individuals, and it has been suggested that they play a role in the 

prevalence of phobias (De Jong et al., 1995). It is reasonable to assume that fear is not only 

acquired as a consequence of a direct negative experience with a fear-relevant stimulus (e.g., 

a snake bite) but also more indirectly via social communication (cf. Davey, 1992). That is, 

people may easily acquire associations between fear-relevant stimuli and verbal warnings. In 

the present study we examined illusory correlations between pictures of snakes and threaten-

ing information (i.e., information about poisonousness). 

Traditionally, illusory correlations have been measured by simply asking participants 

post-experimentally to indicate the estimated contingencies between fear-relevant and fear-

irrelevant pictures and negative events (Amin & Lovibond, 1997; Kennedy et al., 1997; 

Tomarken et al., 1989; Tomarken et al., 1995). These judgments rely on introspective judge-

ments that can be verbalized, and may be susceptible to demand characteristics (e.g., older or 

younger adults may be reluctant to give a null contingency judgment in both conditions). Fur-

thermore, from a cognitive point of view, the verbal judgment can be influenced by memory 

as well as by (more or less biased) guessing processes (Klauer & Meiser, 2000). It is there-

fore unclear whether illusory correlations are the result of selective memory processes, biased 

guessing, or both. To disentangle these processes, multinomial models can be used 

(Batchelder & Riefer, 1990; Erdfelder et al., 2009). Multinomial source-monitoring models 

have been previously used to examine illusory correlations in social stereotyping (Klauer & 

Meiser, 2000; Meiser & Hewstone, 2001). Here, we introduce the source-monitoring model 

as a tool to examine illusory correlations between fear-relevant stimuli and threatening in-

formation. 

In the present study, we paired pictures of fear-relevant and fear-irrelevant animals 

(snakes and fish) with threatening and nonthreatening information about the poisonousness or 

nonpoisonousness of the animals. In a memory test, old pictures of snakes and fish were pre-

sented together with new pictures, and younger and older participants were required to make 

an old-new recognition judgment. In addition, they were required to make a source judgment, 

that is, they were required to indicate whether the animal was associated with threatening or 

nonthreatening information (poisonousness or nonpoisonousness). Based on the observed re-

sponse frequencies, the multinomial source-monitoring model of Bayen, Murnane and Erd-

felder (1996) allows one to estimate independent parameters of source memory and source 
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guessing. While the source memory parameter reflects the probability to remember the poi-

sonousness of an animal, source guessing represents the probability to guess that an animal 

was poisonous in the absence of memory. It is well known that the source guessing parameter 

reflects the internal representation of the perceived item-source contingency (Arnold, Bayen, 

Kuhlmann, & Vaterrodt, 2013). Usually guessing is determined by probability matching (e.g., 

Buchner, Erdfelder, & Vaterrodt-Plünnecke, 1995). In source memory tasks, this means that 

the probability of guessing that items of category X were associated with source A corre-

sponds to the actual probability with which items of category X were paired with source A in 

the encoding phase (Bayen & Kuhlmann, 2011; Kuhlmann, Vaterrodt, & Bayen, 2012). How-

ever, there is evidence that the built-up of an accurate representation of an item-source con-

tingency depends on the availability of cognitive resources. As a result, younger adults with 

full attention show probability matching while younger adults with divided attention show a 

biased representation of the contingencies (Bayen & Kuhlmann, 2011).

In the present study, we examined age differences in the vulnerability to fear-relevant 

illusory correlations. It has been shown that older adults are more susceptible to illusory cor-

relations between schematically associated events than younger adults (Mutter & Pliske, 

1994; Mutter et al., 2007). We therefore predicted that older adults would show a stronger 

overestimation of the association of snakes and poisonousness than younger adults. In terms 

of the multinomial model’s source guessing parameters, guessing should reflect probability 

matching in young adults and should be even more pronounced in older adults (Klauer & 

Meiser, 2000; Meiser & Hewstone, 2001). Further, previous studies have shown that illusory 

correlations are more reliably observed in highly anxious individuals (e.g., Tomarken et al., 

1995). Therefore, the influence of snake phobia on fear-relevant illusory correlations was 

taken into account in a subsidiary analysis. 

It has been discussed that illusory correlations might, at least partly, be due to a mem-

ory advantage for the unique pairings of specific stimuli with schema-congruent context in-

formation (Mutter & Pliske, 1994). The present paradigm allowed us to separately assess 

source guessing (which is assumed to reflect a representation of the perceived contingency 

between a category of stimuli with poisonousness) and source memory (which reflects mem-

ory for specific item-source pairings). While it seems possible to postulate that older adults 

have worse memory for the specific item-source pairings due to a global deficit in associative 
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memory (Naveh-Benjamin, Hussain, Guez, & Bar-On, 2003), there is mounting evidence that 

older adults‘ source memory for emotional material is comparatively well preserved (May, 

Rahhal, Berry, & Leighton, 2005; Meyer, Bell, & Buchner, 2014; Rahhal, May, & Hasher, 

2002). This leads to the prediction that source memory for the poisonousness associated with 

animals should not differ between younger and older adults.

Method

Participants

A total of 114 younger adults and 113 older adults participated in the experiment. Data of 

four younger adults and four older adults were excluded because the dementia screening did 

not indicate age-appropriate cognitive functioning (Kalbe et al., 2004). One older adult had 

difficulties using the response box and one younger adult decided to terminate participation 

because of a self-reported snake phobia. Five older adults were excluded from the analyses 

because they had accidentally received the post-experimental information about the study’s 

purpose before the experiment. The remaining sample consisted of 109 (80 women) younger 

and 103 (69 women) healthy, community-dwelling older adults. Younger adults’ age ranged 

from 18 to 31 (M = 23, SD = 3) and older adults’ age ranged from 60 to 95 (M = 71, SD = 6). 

Visual acuity was better for younger adults than for older adults, t(201.26) = 10.70, p < .01, d 

= 1.48. Older adults performed better than younger adults on a vocabulary test (Lehrl, 1999), 

t(146.45) = - 11.28, p < .01, d = - 1.52; this test can be taken as a measure of crystallized in-

telligence. In contrast, performance in the backward digit span task of the dementia screening 

(Kalbe et al., 2004) — which is associated with fluid intelligence and working-memory func-

tioning —was better for younger than for older adults, t(209) = 2.79, p < .01, d = 0.38. Snake 

anxiety (Reinecke, Hoyer, Rinck, & Becker, 2009) was higher in older adults than in younger 

adults, t(209) = - 3.04, p < .01, d = - 0.42. State and trait anxiety (Laux, Glanzmann, Schaff-

ner, & Spielberger, 1981) were lower in older than in younger adults, t(209) = 4.71, p < .01, d 

= 0.65 and t(206.75) = 5.06, p < .01, d = 0.69, respectively. Older adults had lower depression 

scores (Martin, Rief, Klaiberg, & Braehler, 2006) than younger adults, t(206.58) = 4.40, p < 

.01, d = 0.60. For descriptive statistics see Table 1.   
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Materials and Procedure

Stimuli were 32 pictures of snakes and 32 pictures of fish. The pictures of snakes were se-

lected from the International Affective Picture System (Lang, Bradley, & Cuthbert, 2008) and 

the Geneva Affective Picture Database (Dan-Glauser & Scherer, 2011) and were associated 

with negative valence ratings in the respective norming studies. Pictures of fish served as 

control stimuli and were chosen from a variety of online image databases. The stimuli were 

equalized in resolution (300.125 pixel per inch) and size (640 x 480 pixels). Care was taken 

to match pictures of both animal categories regarding peripheral details. Pictures that de-

picted human body parts, or had features that prevented color manipulation (e.g., a black 

background), were not included. The proportion of the picture covered by the animal was the 

same for snakes and fish, t(62) = - 0.14, p = .89, d = - 0.04. Photoshop® CS5 was used to 

change the color of the foreground (i.e., of the animal) independent of the picture back-

ground. The animals were either presented in yellow (8 snakes, 8 fish) or red (8 snakes, 8 

fish) in front of a green background. Half of the participants were told red would indicate a 

poisonous animal and that yellow would indicate a nonpoisonous animal, the other half was 

informed that yellow would indicate poisonousness and that red would indicate nonpoison-

ousness.

For each participant, a different set of thirty-two pictures (16 snakes, 16 fish) was 

randomly determined to be presented in the encoding phase in random order. Participants 

were instructed to memorize the color of each animal, because they would be tested on it 

later. Each picture appeared at the center of the screen. After a one-second delay, a scale ap-

peared underneath the picture ranking from 0 (harmless) to 7 (threatening). Participants had 

to rate the picture within seven seconds or else a feedback was given prompting him or her to 

give faster responses. 

At test, the 32 old pictures and 32 new pictures (16 snakes, 16 fish in each set) were 

presented in a random sequence. The animals were presented in grayscale on a uniform gray 

background. First, participants were asked to classify the animal as old (i.e., was among the 

animals of the rating phase) or new (i.e., was not among the animals of the rating phase). 

Second, if participants classified an animal as old, they were asked to indicate whether the 
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animal was poisonous or nonpoisonous. The test was self-paced. Additional questionnaires 

(Table 1) were administered at the end of the experiment, and color vision was assessed1. 

Design

A 2 (animal type: snake vs. fish) x 2 (poisonousness: poisonous vs. nonpoisonous) x 2 (age: 

younger adults vs. older adults) design was used with animal type and poisonousness as 

within-subject factors and age as between-subjects factor. The main aim of the present study 

was to compare the source guessing parameters in the multinomial analysis. Therefore, a sen-

sitivity analysis was conducted using G*Power (Faul, Erdfelder, Lang, & Buchner, 2007). 

Given a sample size of N = 212, and α = .05 it was possible to detect an effect of the size w = 

.03 of poisonousness on source guessing with a power of 1 - β = .95 (thus it was possible to 

detect even smaller than small effects according to the conventions of Cohen, 1988). 
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Results and Interpretation
A multivariate approach was used for all general linear model within-subject comparisons. In 

the present application, all multivariate test criteria correspond to the same (exact) F statistic, 

which is reported. The level of alpha was set to α = .05 for all analyses. Partial eta square (ƞp2) 

is reported as a measure of effect size. The descriptive statistics of the dependent measures 

are reported in Table 2.  

Threat Ratings

The analysis of the threat ratings indicated main effects of animal type, F(1,210) = 536.74, p 

< .01, ƞp2 = .72, poisonousness F(1,210) = 366.56, p < .01, ƞp2 = .64, and age, F(1,210) = 9.62, 

p < .01, ƞp2 = .04. There was a significant interaction between animal type and age, F(1,210) = 

18.11, p < .01, ƞp2 = .08. Both older and younger adults rated snakes as more threatening than 

fish, F(1,102) = 200.67, p < .01, ƞp2 = .66, and F(1,108) = 343.69, p < .01, ƞp2 = .76, respec-

tively, but this difference was somewhat more pronounced for younger adults. There was an 

interaction between poisonousness and age, F(1,210) = 14.80, p < .01, ƞp2 = .07. Both older 

and younger adults rated poisonous animals as more threatening than nonpoisonous animals, 

F(1,102) = 267.23, p < .01, ƞp2 = .72, and F(1,108) = 116.26, p < .01, ƞp2 = .52, respectively, 

but this difference was somewhat more pronounced for older adults. The two-way interaction 

between animal type and poisonousness was significant, F(1,210) = 12.81, p < .01, ƞp2 = .06. 

The threat ratings of fish were more affected by the poisonousness manipulation than those of 

snakes. The three-way interaction was not significant, F(1,210) = 1.78, p = .18, ƞp2 = .01.  

Old-new discrimination

We report the hit rate − false alarm rate as a measure of old-new recognition (Snodgrass & 

Corwin, 1988). Snakes were better recognized than fish, F(1,210) = 6.13, p = .01 , ƞp2 = .03, 

and poisonous animals were better recognized than nonpoisonous animals, F(1,210) = 3.92, p 

= .05, ƞp2 = .02. Younger adults’ old-new recognition was better than older adults’ old-new 

recognition, F(1,210) = 28.12, p < .01, ƞp2 = .12. The interactions were not significant (p ≥ 

.22), indicating that the emotional enhancement effect was similar for younger and older 

adults. This replicates and extends previous findings of Meyer et al. (2014). Participants 

showed better recognition of the more threatening animal type (i.e., snakes). Furthermore, the 

animals were better recognized when associated with poisonousness than when associated 
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with nonpoisonousness. These findings strengthen the hypothesis that old-new recognition is 

enhanced as a function of the emotionality of the stimulus material (cf. Meyer et al., 2014).   

Source classification performance

Source classification was analyzed using the conditional source identification measure 

(CSIM) which is calculated as the proportion of correct source classifications given correct 

old-new recognition (Bröder & Meiser, 2007; Murnane & Bayen, 1996). There were main 

effects of poisonousness, F(1,209) = 17.62, p < .01, ƞp2 = .08, and age, F(1,209) = 12.42, p < 

.01, ƞp2 = .06. There was no main effect of animal type, F(1,209) = 0.63, p = .43, ƞp2 < .01. 

Furthermore, there was an interaction of poisonousness and age, F(1,209) = 7.37, p < .01, ƞp2 

= .03. The interaction between animal type and poisonousness just missed the preset level of 

significance, F(1,209) = 3.22, p = .07, ƞp2 = .02. The three-way interaction was significant, 

F(1,209) = 13.95, p < .01, ƞp2 = .06. To further investigate this interaction, separate repeated 

measures analyses with animal type and poisonousness as within-subjects factors for each of 

the two age groups were performed. For older adults, the interaction between animal type and 

poisonousness was significant, F(1,101) = 10.21, p < .01, ƞp2 = .09. This interaction indicates 

that older adults were best at classifying source information that was congruent with expecta-

tions. In contrast, younger adults were best at classifying information that was incongruent 

with expectations, although not significantly so, F(1,108) = 3.36, p = .07, ƞp2 = .03.    

Multinomial Analysis

We were mainly interested in guessing processes. However, the CSIM confounds source 

memory with guessing processes (Bröder & Meiser, 2007). To disentangle guessing processes 

from source memory processes, the source classifications were analyzed using the multino-

mial source monitoring model depicted in Figure 1. Multinomial models make assumptions 

about the cognitive processes underlying observed data, and the model parameters represent 

the probabilities with which these processes occur. The parameters reflect probabilities and 

can thus take any value between zero and one. The model depicted in Figure 1 decomposes 

observed source classification performance into old-new recognition, source memory, and 

guessing processes (Bayen et al., 1996). Validation studies have shown that these processes 

can be estimated independently (Bayen et al., 1996). To illustrate, imagine that at test partici-

pants are confronted with pictures of snakes and fish in grayscale that had been presented in 

the rating phase. In this case, D represents the probability of correctly recognizing an animal 
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as old. The conditional probability of correctly remembering the source (the poisonousness) 

of an animal classified as old is represented by d. If the source is not remembered with prob-

ability 1 - d, participants may guess that the animal was poisonous with the conditional prob-

ability g. The conditional probability of guessing that the animal was presented as nonpoi-

sonous is represented by 1 - g. If an animal is not recognized with probability 1 - D, it may be 

guessed to be old with conditional probability b. Then it has to be guessed whether the animal 

was poisonous (with probability g) or nonpoisonous (with probability 1 - g). Equivalent proc-

esses are assumed to occur when participants are confronted with new animals. 

MultiTree (Moshagen, 2010) was used to perform the goodness-of-fit tests, and to es-

timate the parameters. To analyze the present data, we need four sets of the model trees 

shown in Figure 1, because we need one model tree for snake stimuli and one model tree for 

fish stimuli for each of the two age groups. The model has more free parameters than inde-

pendent data categories. Therefore, we restricted the probability of correctly recognizing a 

new animal to correspond to the mean probability of correctly recognizing a previously pre-

sented animal as old, DNew = (DPoi + DNonPoi) / 2 (see Bell, Mieth, & Buchner, in press), 

which corresponds to the standard assumption of the two-high threshold model that the rec-

ognition of new items mirrors that of old items (Snodgrass & Corwin, 1988). The degree to 

which the model fit the data is tested by the goodness-of-fit statistic G2 which is asymptoti-

cally χ2 distributed with degrees of freedom indicated in parentheses. The base model had 

zero degrees of freedom and in the present case was associated with G2 = 0.00. The parame-

ter estimates for the memory parameters D and d of the baseline model are reported in Table 

2.  

Hypotheses tests are performed by restricting the relevant parameters and testing the 

fit of the restricted model compared to the baseline model. Parameter restrictions generate 

additional degrees of freedom. The fit of the restricted model is tested using the difference in 

G2 (denoted as ΔG2) between the restricted and the base model which is also asymptotically 

χ2 distributed with degrees of freedom indicated in parentheses. This analysis indicated that 

source memory did not differ as a function of animal type, neither for younger adults nor for 

older adults, ΔG2 (2) = 0.81, p = .67, and ΔG2 (2) = 0.76, p = .68, respectively. Furthermore, 

source memory did not differ as a function of poisonousness, neither for younger nor for 

older adults, ΔG2 (2) = 1.59, p = .45, and ΔG2 (2) = 0.81, p = .67, respectively. Consistent 

with previous findings (Meyer et al., 2014), older adults’ source memory for the emotional 
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material was well preserved, and did not differ significantly from younger adults’ source 

memory, ΔG2 (4) = 3.64, p = .46.      

For older adults, the guessing parameter g (representing the probability of guessing 

that a recognized animal was associated with poisonousness) differed significantly between 

snakes and fish, ΔG2 (1) = 49.50, p < .01 (Figure 2). In other words, older adults were more 

likely to guess that snakes were associated with poisonousness than fish, which is evidence of 

an illusory correlation. For younger adults, in contrast, the guessing parameter g did not differ 

between snakes and fish, ΔG2 (1) = 2.56, p = .11. The resulting parameter, which represents 

the joint probability of guessing snakes and fish to be poisonous, approximately corresponded 

to the actual probability that either animal type was associated with poisonousness (gPoi = .50; 

CI = [.47 - .53]). This is evidence in favor of the probability-matching account (Bayen & 

Kuhlmann, 2011; Kuhlmann et al., 2012), according to which younger adults with full atten-

tional resources are able to accurately represent the item-source contingency at encoding, and 

adjust guessing accordingly. 

Considering that illusory correlations between snakes and aversive outcomes are more 

reliably observed in high snake anxious participants, snake anxiety, as indicated by the 

SCANS (Reinecke et al., 2009), was taken into consideration in a complementary analysis. 

Here, we compared low-anxious participants whose snake anxiety score was below the me-

dian of their age group with high-anxious participants whose snake anxiety score was above 

that median. The parameter restrictions paralleled those described above and were incorpo-

rated in a baseline model, G2 = 0.02. The parameter estimates are shown in Figure 3. Descrip-

tively, the pattern is very similar for younger and older adults. In both age groups, high-

anxious individuals have a somewhat stronger tendency than low-anxious individuals to 

guess, in the absence of memory, that a snake was poisonous. Similarly, in both age groups 

high-anxious individuals have a somewhat more pronounced tendency than low-anxious in-

dividuals to guess that a fish was nonpoisonous, but (again for both age groups) the effect for 

fish is descriptively even smaller than the effect for snakes. The statistical analyses showed 

that for older adults, the difference between high-anxious and low-anxious individuals in the 

probability of guessing that a snake was poisonous is significant, ΔG2 (1) = 6.18, p < .01. For 

younger adults this difference approached but did not attain significance, ΔG2 (1) = 3.84, p = 
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.052. In contrast, the difference between high-anxious and low-anxious individuals in the 

probability of guessing that a fish was nonpoisonous was not significant for younger and 

older adults, ΔG2 (1) = 1.66, p = .20 and ΔG2 (1) = 3.24, p = .07, respectively. Consistent with 

previous results (e.g., Tomarken et al., 1995), this subsidiary analysis indicates that younger 

and older adults high in snake anxiety show a higher tendency towards guessing that a snake 

was associated with poisonousness than younger and older adults low in snake anxiety. This 

difference between high-anxious and low-anxious individuals was quite moderate overall, 

and similar for younger and older adults. 
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General Discussion
Consistent with previous research, the present findings confirm the existence of an emotional 

enhancement effect on old-new recognition (Davidson, McFarland, & Glisky, 2006; Kens-

inger & Schacter, 2006; Meyer et al., 2014) which is evident from the findings that (a) snakes 

were better recognized than fish, and (b) animals associated with poisonousness were better 

recognized than animals associated with nonpoisonousness. No age differences were evident 

in this emotional enhancement effect: both age groups recognized emotional information bet-

ter than non-emotional information. In contrast to old-new recognition, source memory was 

not influenced by emotion which is evident from the findings that (a) source memory did not 

vary as a function of animal type, and (b) source memory did not vary as a function of poi-

sonousness. This is consistent with previous studies showing no influence of emotion on in-

trinsic source memory (Davidson et al., 2006; Meyer et al., 2014). The findings also replicate 

previous findings showing that older adults’ source memory for emotional materials is well 

preserved (May et al., 2005; Meyer et al., 2014; Rahhal et al., 2002) in that older and younger 

adults’ source memory did not differ. The analysis of the source judgments showed that older 

adults were better at classifying information that fit into established knowledge whereas 

younger adults seemed to focus on information that was inconsistent with expectations and 

could not be derived from established knowledge. Given that these judgments reflect both 

source memory and guessing processes (Bröder & Meiser, 2007), this dissociation can, at 

least partly, be attributed to older adults’ increased reliance on emotional expectations when 

guessing.

 Previous studies have shown that older adults may be more vulnerable to illusory cor-

relations than younger adults, and less likely to integrate new information into their knowl-

edge about the associations between events (Mutter & Pliske, 1994; Mutter et al., 2007). 

Given that emotional processing is often spared from age-related decline, it was, a priori, un-

clear whether the same pattern would be found for fear-relevant illusory correlations between 

animals and poisonousness. The present study extends those earlier findings to emotional ma-

terial. A source-monitoring paradigm was applied, and the resulting data were analyzed with 

a multinomial model that allows examining the cognitive processes underlying the illusory 

correlations. Guessing parameters of multinomial source monitoring models are known to 

reflect illusory correlations in social stereotyping (Klauer & Meiser, 2000; Meiser & Hew-
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stone, 2001). To our knowledge, this procedure has not yet been applied to measure fear-

relevant illusory correlations such as those between threatening animals and negative events. 

Older adults’ source guessing differed between fear-relevant and fear-irrelevant stimuli, re-

flecting an illusory correlation. In contrast to older adults, younger adults did not show illu-

sory correlations. Instead, younger adults’ source guessing parameter reflected the zero con-

tingency between snakes and poisonousness. 

Previous studies have shown that the built-up of an accurate representation of contin-

gencies depends on the availability of cognitive resources. For instance, Bayen and Kuhl-

mann (2011) asked participants to study statements that were either expected of a lawyer or 

of a doctor. Then they were required to assign these statements to the correct source (either a 

lawyer or a doctor) in a source memory test. If attention was fully available at encoding, par-

ticipants’ guessing bias correctly reflected the zero contingency. However, if attention was 

divided at encoding, source guessing was biased by their schematic expectations. The pattern 

obtained here looks very similar given that older adults—who are known to suffer from an 

age-related decline in central attentional resources (Craik, 1982; Craik & Byrd, 1982)—

showed evidence of an illusory correlation whereas younger adults—with full attentional re-

sources—did not. Thus, it seems possible to speculate that the increased susceptibility to illu-

sory correlations may be caused by decreased attentional resources (Mutter, 2000). At a gen-

eral level, the present results seem to reflect the ubiquitous principle that older adults rely 

more on established schematic knowledge (e.g., Mather, Johnson, & De Leonardis, 1999) 

while younger adults use their cognitive resources to flexibly adapt to situations which do not 

confirm their expectations (Mutter et al., 2007). 

This inflexibility of older adults may lead to inadequate risk perception when the 

prevalence of threatening events is under- or overestimated based on schematic knowledge. 

Illusory correlations have been discussed in the context of inadequate emotional reactions to 

phobic stimuli (e.g., Hermann, Ofer, & Flor, 2004; Pauli, Montoya, & Martz, 1996; 

Tomarken et al., 1995). It is possible to speculate that older adults’ biased perception of the 

correlations between fear-relevant and security-relevant events could result in problematic 

consequences, such as unnecessary fear of harmless stimuli in some situations, and unwar-

ranted carelessness in others. As an example, it has been suggested that older adults overes-

timate crime prevalence in real life because serious crimes are highly overrepresented in the 

media (O'Connell & Whelan, 1996). Furthermore, Mutter, Strain and Plumlee (2007) re-
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ported preliminary evidence showing that older adults may be more susceptible to illusory 

correlations regarding health-related information (resulting in an misestimation of the corre-

lation between smoking and lung diseases).

To summarize, we applied the source-monitoring paradigm to investigate age differ-

ences in the vulnerability to illusory correlations between fear-relevant stimuli and threaten-

ing information. Older, but not younger, adults showed an illusory correlation even though  

there was actually a zero contingency. This confirms that older adults are more susceptible to 

fear-relevant illusory correlations than younger adults. 

Word count: 4858
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Table 1
Further description of the sampl
(Laux et al., 1981). State anxiety
knowledge about snake and fish
indicated, respectively.

le regarding snake ph
y was tested immedi

h using a self-designe

hobia (Reinecke et a
ately after the test ph
ed questionnaire. The

al., 2009), state anxie
hase. Participants fur
e range of each scale

ety and trait anxiety 
rther reported their 
e (Min, Max) is 

Youngeer adults Older adults

M (SE) M (SE)

Screening for snake phobia
(Min = 0, Max = 24) 8.23 (0.63) 10.96 (0.64)

State-Anxiety
(Min = 20, Max = 80) 38.43 (0.86) 32.88 (0.80)

Trait-Anxiety
(Min = 20, Max = 80) 40.55 (0.96) 34.12 (0.84)

Knowledge about snakes
(Min = 0, Max = 4) 0.30 (0.06) 0.04 (0.02)

Knowledge about fish
(Min = 0, Max = 4) 0.26 (0.06) 0.25 (0.07)

Vocabulary test
(Min = 0, Max = 37) 28.17 (0.42) 33.33 (0.18)

Backward digit span
(Min = 2, Max = 6) 5.19 (0.08) 4.86 (0.09)

Screening for depression
(Min = 0, Max = 27) 5.56 (0.36) 3.48 (0.31)

Visual Acuity 1.49 (0.04) 0.93 (0.03)
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Table 2
Mean threat ratings a
the conditional sourc
(D) and source memo

and old-new
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w discriminat
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Snaake Fish

Poisoonous Nonpoiisonous Poisoonous Nonpoiisonous

PE (SE) PE (SE) PE (SE) PE (SE)

Threat ratings

Younger adults 5.47 (0.14) 3.62 (0.17) 2.81 (0.18) 0.62 (0.07)

Older adults 5.91 (0.09) 2.96 (0.16) 4.03 (0.17) 0.93 (0.08)

Pr

Younger adults .38 (0.02) .35 (0.02) .31 (0.02) .32 (0.02)

Older adults .26 (0.02) .22 (0.02) .23 (0.02) .20 (0.02)

CSIM

Younger adults .59 (0.02) .67 (0.02) .63 (0.02) .61 (0.03)

Older adults .58 (0.03) .55 (0.03) .43 (0.03) .69 (0.03)

D

Younger adults .39 (0.03) .34 (0.03) .30 (0.03) .32 (0.03)

Older adults .28 (0.03) .20 (0.03) .26 (0.03) .18 (0.03)

d

Younger adults .37 (0.09) .57 (0.11) .49 (0.12) .49 (0.10)

Older adults .27 (0.14) .45 (0.17) .37 (0.11) .19 (0.27)
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Figure Captions
Figure 1: The multinomial model used to measure source memory independent 

of old-new recognition and guessing processes . Rectangles on the left 

side represent old items (poisonous, nonpoisonous), that is, items which have been already 

shown to the participants during the study phase, and distractors, that is, new items which 

have been presented at test only. Rectangles on the right side represent participants‘ answers. 

Assumed underlying cognitive processes are represented by the following parameters: D 

(probability of correctly identifying an item as either old or new), d (conditional probability 

of correctly identifying the source, i.e. poisonousness,  of an item classified as old), b (condi-

tional probability of guessing that an item is old), g (conditional probability of guessing that 

an item classified as old is poisonous).

 Figure 2: Mean probability estimates of guessing an animal to be poisonous in 

terms of g as a function of animal type (fish vs. snakes) and age (younger adults vs. older 

adults). The error bars represent the standard errors. 

 Figure 3: Mean probability estimates of guessing an animal to be poisonous in 

terms of g as a function of animal type (fish vs. snakes) and snake anxiety (low vs. high) for 

younger (top panel) and older adults (bottom panel). The error bars represent the standard 

errors.
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Figure 2
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Figure 3
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