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Anxiety-related threat bias in recognition memory: the moderating effect
of list composition and semantic-similarity effects
Corey N. Whitea, Roger Ratcliffb and Michael W. Vaseyb

aDepartment of Psychology, Syracuse University, Syracuse, NY, USA; bDepartment of Psychology, The Ohio State University,
Columbus, OH, USA

ABSTRACT
Individuals with high anxiety show bias for threatening information, but it is unclear
whether this bias affects memory. Recognition memory studies have shown biases
for recognising and rejecting threatening items in anxiety, prompting the need to
identify moderating factors of this effect. This study focuses on the role of semantic
similarity: the use of many semantically related threatening words could increase
familiarity for those items and obscure anxiety-related differences in memory. To
test this, two recognition memory experiments varied the proportion of threatening
words in lists to manipulate the semantic-similarity effects. When similarity effects
were reduced, participants with high trait anxiety were biased to respond “new” to
threatening words, whereas when similarity effects were strong there was no effect
of anxiety on memory bias. Analysis of the data with the drift diffusion model
showed that the bias was due to differences in processing of the threatening
stimuli rather than a simple response bias. These data suggest that the semantic
similarity of the threatening words significantly affects the presence or absence of
anxiety-related threat bias in recognition memory. The results indicate that trait
anxiety is associated with a bias to decide that threatening stimuli were not
previously studied, but only when semantic-similarity effects are controlled.
Implications for theories of anxiety and future studies in this domain are discussed.

ARTICLE HISTORY
Received 15 December 2014
Revised 30 June 2015
Accepted 1 July 2015

KEYWORDS
Trait anxiety; threat bias;
recognition memory;
diffusion model

Introduction

There is considerable interest in understanding
memory for items or events that are emotional in
nature. This endeavour has been a hallmark of cogni-
tive–clinical interactions that focus on populations
with psychological disorders associated with
depression and anxiety, as abnormal processing of
emotional information can be important in both the
etiology and maintenance of psychopathology
(Mathews, 1990). The present study focuses on the
relationship between anxiety and biased memory for
threatening information, and provides a potential
explanation for inconsistent findings in the literature.
For our purposes, threatening information will encom-
pass words or concepts that are threatening physically
(e.g. death, injury) or socially (e.g. embarrassment,
despair). Anxious individuals typically show an

attentional bias that facilitates early detection of
threat (for a review, see Bar-Haim, Lamy, Pergamin,
Bakermans-Kranenburg, & van IJzendoorn, 2007),
and are thus more likely to preferentially attend to
threatening information in the environment. Based
on this attentional bias, one might expect that vigi-
lance for threat enhances later memory for threat in
anxious individuals. That is, information that is prefer-
entially attended should be better encoded and
produce stronger memories. Such a memory bias for
threat would also be an integral component of
anxiety, as it would lead anxious individuals to remem-
ber their environment as more threatening than it
actually was. However, the memorial effects of vigi-
lance for threat could be reduced or even reversed
by another critical component of anxiety, avoidance.
Anxious individuals have been shown to avoid deep
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or prolonged processing of threatening information
(e.g. Koster, Crombez, Verschuere, Van Damme, &
Wiersema, 2006), which could decrease memory for
threat by reducing the amount of rehearsal at encod-
ing and/or by limiting retrieval of such information
from memory. In this regard, hypervigilance and
avoidance could have conflicting effects on memory
for threat in anxious individuals. The focus of this
study is to better understand how trait anxiety
affects memory for threat, with specific focus on rec-
ognition memory tasks where participants study
some items and then later discriminate between test
items that were studied (old) and those that were
not (new). In recognition memory differential proces-
sing of threatening words could manifest in two
primary ways. First, anxious participants could have
improved or impaired memory discriminability,
which refers to the ability to correctly recognise old
threatening words while also rejecting new threaten-
ing words (often measured by d′ from Signal Detec-
tion Theory). Second, anxious participants could
show a bias to label threatening items as either
studied or new, regardless of whether they were
studied or not (often measured by B or C in Signal
Detection Theory, see below). For instance, increased
attention to threatening words might make them
seem more familiar than comparison neutral words,
leading to an increased likelihood of deciding the
threatening words had appeared on the study list
(even if they had not). Thus the effects of trait
anxiety on memory for threat could manifest as a
change in discriminability or a change in bias. Mitte
(2008) performed a meta-analytic review of anxiety
and recognition memory for threat and found that
there was scant evidence for differences in discrimin-
ability, but some evidence for differences in bias.
However, the findings of bias for threatening infor-
mation were inconsistent across studies, with some
studies showing a bias to recognise threatening
items, some showing a bias to reject them, and
some finding no bias at all. Thus it is unclear
whether/how anxiety biases recognition of threaten-
ing information.

Semantic-similarity effects

There are several moderating factors that might affect
the size and direction of threat bias in recognition
tasks, including study/test conditions (e.g. intentional
vs. incidental learning), materials (e.g. faces vs.
words), and specific anxiety disorder (e.g. Social

Phobia vs. Panic disorder). Indeed, in her review
Mitte (2008) concluded that more work is needed to
unpack the potential contribution of these different
factors. The present study focuses on one potential
factor, study/test list composition and semantic-simi-
larity effects on memory. This approach is based on
the idea that the threatening words are all semanti-
cally related, and the proportion of threatening
words in an experimental study list might induce
semantic-similarity effects and affect the direction or
size of threat bias. Similarity effects are well-estab-
lished in studies of recognition memory and false
memory (e.g. Dewhurst & Anderson, 1999). When par-
ticipants study a list that contains a high proportion of
similar, categorised words like rake, hose, and shovel,
they are more likely to recognise those items and
falsely recognise related items like hoe and mower.
Tested household items provide a stronger match to
memory (i.e. high familiarity) because they share
many features with the studied household items,
resulting in a bias for recognising those items. Impor-
tantly, the magnitude of this semantic-similarity effect
depends on the proportion of categorised words in
the lists. Shiffrin, Huber, and Marinelli (1995) showed
that memory strength (i.e. familiarity) for semantically
similar items increased as more items from the corre-
sponding category were presented, resulting in an
increased bias to label the similar items as studied.
Likewise, White and colleagues found that the seman-
tic-similarity effect could be eliminated by presenting
a low proportion of categorised words sporadically in
the lists (White, Kapucu, Bruno, Rotello, & Ratcliff,
2014). Thus the interrelatedness of the items on the
memory lists can greatly impact bias in recognition
tasks, but critically, this effect can be controlled by pre-
senting a low proportion of categorised words.

The present study extended this logic to the study
of anxiety and threat bias in recognition memory.
When an experimental list contains a high proportion
of threatening words like cancer, fear, and death, a
threatening word at test, like stab, would seem more
familiar than neutral words, increasing the likelihood
that it would be labelled as studied. In such a situation,
it might be difficult to detect differences between
anxious and nonanxious participants because both
groups are biased due to semantic-similarity effects.
Further, even if anxious participants had an underlying
bias away from threatening words (i.e. due to avoid-
ance), the semantic-similarity effects could be
enough to overcome it. That is, weaker memory for
threat could be offset by a stronger match to the
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threat component of the memory representation,
masking the bias to respond “new” to threatening
words.

The majority of studies in this domain have used a
relatively high proportion of threatening stimuli (i.e.
words or faces) in the study lists, which could reason-
ably be expected to induce semantic-similarity
effects. In fact, of the 25 recognition memory
studies that Mitte (2008) reviewed, 18 had study
lists with at least 50% threatening stimuli, 6 had lists
with 33% threatening stimuli, and only one had lists
with less than 15% threatening stimuli (see Appendix
2). Thus the majority of reviewed studies were likely
subject to semantic-similarity effects. Although
several of the reviewed studies used comparison con-
ditions that were also categorised (e.g. household
items) rather than random neutral words, we cannot
be sure that the overall similarity was equated
between the word types. Also semantic-similarity
effects tend to be stronger for negative emotional
items than other categorised items (see White et al.,
2014), and anxious participants could potentially be
more sensitive to the threat category relative to
other categories. In light of this, we believe that
semantic-similarity effects were not sufficiently con-
trolled in the previous studies. The present study
varied the proportion of presented threatening and
matched-nonthreatening words across two exper-
iments to induce different levels of semantic-similarity
effects and explore how semantic-similarity effects
might influence anxiety-related threat bias in recog-
nition memory. In Experiment 1 these words were
presented sporadically and infrequently among
many filler words to avoid similarity effects, whereas
in Experiment 2 they were much more frequent and
prominent in both study and test lists. We hypoth-
esise that the proportion of threatening words in
the lists, and thus the presence/absence of seman-
tic-similarity effects, will moderate effects of anxiety-
related threat bias in the recognition tasks. More
specifically, we expect that strong semantic-similarity
effects will obscure anxiety-related differences in
threat bias, and thus any group differences in bias
will only be observed when the semantic-similarity
effects are reduced.

Diffusion modelling

To better understand the source(s) of potential threat
biases in our paradigm, the data from the experiments
were modelled with the diffusion model (Ratcliff, 1978;

Ratcliff & McKoon, 2008; Ratcliff & Smith, 2004), a cog-
nitive model of simple decisions. The diffusion model
decomposes accuracy values and response times (RTs)
into different components of the decision process.
Similar to signal detection theory, the diffusion
model disentangles the effects of response criteria
and stimulus evidence to allow researchers to localise
group differences to specific psychological processes.
A schematic of the model is shown in Figure 1. The
model assumes that the decision process involves
sampling and accumulating noisy evidence until a
boundary is reached, at which point the decision is
reached. The process starts at some point, z, and
noisy evidence is sampled over time until the
process reaches a boundary (a or 0), at which point
a response is initiated (Figure 1). The distance
between the boundaries, a, provides an index of
response caution or the speed/accuracy trade-off:
wider boundaries lead to slower but more accurate
responses. The drift rate, v, provides an index of the
strength of decision evidence for the stimulus under
consideration: for example, a high positive value
means strong evidence for the top boundary. Finally,
although the model does not explain encoding and
response processes, it incorporates a parameter Ter
(time for encoding and response) that estimates the
total time for these processes.

Figure 1. An illustration of the diffusion model. Panel A shows the
total response process, including encoding and response output.
Panel B shows the diffusion process for the decision component of
the response process. Parameters of the model are: a, boundary
separation; z, starting point: Ter, mean value of the nondecision com-
ponent of reaction time; eta, SD in drift across trials; sz, range of the
distribution of starting point (z) across trials; v, drift rate; p0, proportion
of contaminants; st, range of the distribution of nondecision times
across trials; and s, SD in variability in drift within trials.
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For the present purposes, the diffusionmodel allows
us to differentiate between response bias, indexed by
the starting point (z), and stimulus bias, indexed by
the drift rates (v) (see Appendix 1). We hypothesise
that any anxiety-related threat bias will manifest in
the drift rates, rather than the starting point, reflecting
differences in how the memorial stimuli are processed
and evaluated for the recognition decision.

Experiments

We tested high- and low-anxious participants in a rec-
ognition memory task with threatening and matched-
nonthreatening words, varying the proportion of
studied threatening words between experiments. This
design allowed us to assess anxiety-related differences
in threat memory and how they are affected by the cat-
egorical nature of threatening stimuli. The behavioural
data were fit with a diffusion model to dissociate differ-
ent types of bias and determine which underlie differ-
ences between the anxiety groups. This approach
provides insight into the cognitive processes under-
lying differential processing of threat in high anxiety.

In Experiment 1 participants performed a simple
recognition memory task in which they had to
decide whether or not words had appeared on a
prior study list. The stimuli of interest were threaten-
ing words and matched-nonthreatening words,
which will be referred to as the primary stimuli for
the remainder of the article. Participants were
divided into either low- or high-anxiety based on
their scores on an anxiety questionnaire. Since we
were interested in the memorial evidence provided
by the primary stimuli in the absence of semantic-
similarity effects for Experiment 1, relatively few
primary words were presented among many neutral
fillers. To keep the total number of primary words
low, they were presented only as studied words (old-
only) for half of the participants, and unstudied
words (new-only) for the other half. In addition to
keeping the proportion of primary items low, testing
one group with new-only words allows us to differen-
tiate between threat bias due to encoding vs. retrieval,
since in one condition the words were never encoded
into memory.

Method

Stimuli
The stimuli were divided into two categories, primary
and filler. Filler stimuli were included to constrain the

model fitting and hide the target words as stimuli of
interest. There were two filler stimuli pools: 866
high-frequency words with frequencies from 78 to
10,600 per million (mean 287.5, SD = 476; Kucera &
Francis, 1967), 599 low-frequency words with frequen-
cies of 4 and 5 per million (mean 4.41, SD = .017).
Primary stimuli consisted of threatening words and
matched-nonthreatening words. Words were taken
from a previous study investigating memory bias in
anxiety (Mathews, Mogg, May, & Eysenck, 1989) and
an online database for the attentional probe task
(www.psy.uwa.edu.au/labs/cogemo/AttProbe1.html).
The result was two 120-word pools that were matched
for length and frequency of usage. All primary stimuli
had been previously rated for negativity, with no
overlap between threatening and nonthreatening
words. Primary and filler stimuli were chosen randomly
from the word pools without replacement.

Anxiety measure
The trait portion of the Spielberger trait anxiety inven-
tory (STAI, Spielberger, 1985) was used to assess differ-
ences in anxiety. The STAI is a self-report questionnaire
that is often used to index sub-clinical levels of
anxiety. Trait scores from the STAI were used to
group subjects, with the upper and lower third of
scores grouped as high- and low-anxiety, respectively
(see White, Ratcliff, Vasey, & McKoon, 2010). The lower
cut-off for the high-anxiety group was 43 and the
upper cut-off for the low-anxiety group was 34.

Participants
All participants were Ohio State University students
who received credit in an introductory psychology
course for participation. Participant recruitment and
sample size was based on the goal of having approxi-
mately 20–25 participants per anxiety group in each of
the studies, consistent with previous work in this
domain (e.g. White, Ratcliff, Vasey, & McKoon, 2009).
There were 128 total participants across the old and
new conditions. Half of the participants saw the
target words at study and test (old-only condition),
whereas the other half only saw them at test (new-
only condition). Because several STAI scores fell on
the cut-offs, there ended up being 21 participants in
each anxiety group. For the old-only condition, the
low trait anxiety (LTA) group (12 female) had a mean
of STAI 28.2, and the high trait anxiety (HTA) group
(14 female) had a mean STAI of 47.2. For the new-
only condition, the LTA group (13 female) had a
mean STAI of 30.3, and the HTA group (14 female)
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had a mean STAI of 48.9. The STAI scores did not
reliably differ between the two conditions.

Procedure
Participants performed a standard recognition
memory task. In each block of the task, they studied
a list of words and then were shown a test list that
consisted of the studied words mixed with new
words. They were told to try to remember as many
words as they could from the study list. For the
words on the test list, they were told to press the “/”
key if the word had appeared in the study list (old)
and the “z” key if it had not (new). To discourage gues-
sing, the word “ERROR” was shown for 750 ms after
incorrect responses. Study words were presented for
1200 ms each, with 200 ms of blank screen before
the next word. Test words remained on the screen
until a response was given. After completing a practice
block with 20 study words and 40 test words (half
new), participants completed 12 study/test cycles.
For participants in the old-only condition, study lists
contained 20 words, of which 8 were primary words
(4 threatening, 4 matched-nonthreatening) and 12
were filler words (6 high frequency, 6 low frequency).
Thus only 25% of the studied words came from the
categorised threatening words. Test lists contained
the 20 studied words plus 20 new words, the latter
consisting of only filler words (10 high frequency, 10
low frequency). For the new-only condition, study
lists contained only filler words (10 high frequency,
10 low frequency), and test lists contained the study
words plus 8 primary words (4 threatening, 4
matched nonthreatening) and 12 filler words (6 high
frequency, 6 low frequency). To reduce potential
priming effects, primary words of each type were

separated by at least three words in the study list
and at least five words in the test lists. After finishing
the task, participants completed an STAI-T.

Results

All responses faster than 300 ms and slower than 3 s
were discarded (less than .8% of the data). The
behavioural data are shown in Table 1, and the diffu-
sion model parameters are shown in Tables 2 and 3.
The diffusion model was fit individually to each par-
ticipant’s data and the model parameters were aver-
aged across participants for display (Ratcliff &
Tuerlinckx, 2002). All conditions were fit simul-
taneously with drift rate allowed to vary between
conditions. To allow for potential response bias for
threatening words, a separate starting point was esti-
mated for that condition. The fit quality is indexed by
the X2 values for each participant (Table 2). Fit
quality was comparable to previous applications of
the model to recognition data (e.g. Ratcliff, Thapar,
& McKoon, 2004; White et al., 2009), allowing for con-
fident comparison of the parameter values. To assess
differences in diffusion model components aside
from drift rates and starting point, we performed
direct comparisons between the low- and high-
anxiety groups for boundary separation, nondecision
time, and the variability parameters. In short, none of
the processing components varied meaningfully
between the two groups for either the old-only or
new-only conditions. Analyses of the drift rates for
filler conditions found no differences between
anxiety groups (data and parameter values are
given in Appendix Tables A1 and A2). Given that
we did not expect anxiety level to affect the

Table 1. Accuracy and reaction times averaged across subjects for experiments.

LTA HTA

Pr old
Mean

correct RT
Mean
error RT Pr old

Mean
correct RT

Mean
error RT

Experiment 1
Threat-old .743 (.10) 723 (96) 837 (184) .769 (.09) 744 (91) 830 (167)
Non-old .741 (.11) 697 (87) 842 (166) .811 (.10) 726 (105) 821 (152)
Threat-new .272 (.15) 784 (101) 815 (142) .243 (.12) 839 (125) 828 (155)
Non-new .278 (.14) 773 (107) 812 (163) .272 (.13) 811 (121) 839 (155)

Experiment 2
Threat-old .705 (.08) 785 (108) 885 (197) .756 (.10) 785 (103) 923 (221)
Non-old .785 (.11) 758 (90) 834 (158) .823 (.07) 750 (65) 869 (140)
Threat-new .284 (.12) 823 (128) 826 (137) .269 (.14) 848 (106) 861 (228)
Non-new .164 (.11) 808 (112) 863 (200) .157 (.09 836 (96) 833 (179)

Notes: SDs are shown in parenthesis. RT, response time; Pr old, proportion of old responses; threat, threatening words; non, nonthreatening
words; old, primary words appeared in the study list; new, primary words did not appear in the study list; LTA, low trait anxiety; HTA, high
trait anxiety.
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processing of filler stimuli, these results are unsur-
prising. There were no significant effects involving
mean RTs.

All of the reported comparisons used 2 × 2 mixed
analysis of variance (ANOVAs) with stimulus type
(threatening, nonthreatening) as the within factor
and anxiety group (high, low) as the between factor.
Drift rates were used to index memory strength in
the same manner that accuracy values would be
used in traditional analyses. Drift rates can be more
sensitive to processing differences than raw accuracy
values (White et al., 2010). Consistent with this,
similar effects were shown for analyses based on accu-
racy and drift rates; however the effect sizes were
stronger with drift rates. Overall, there were no main
effects for the anxiety group. Thus any differences
between HTA and LTA were a function of stimulus
type. Although all comparisons are reported, the
primary interest was on the interaction term, which
could show if memory for threatening words varied
as a function of anxiety.

We first focus on the old-only condition, in which
the threatening and nonthreatening words were

presented in the study lists. The results showed that
the HTA group had a disadvantage for threatening
compared to neutral words, whereas the LTA group
had no difference. This disadvantage for threatening
words was reflected by weaker drift rates as
opposed to a lower starting point, indicating that
HTA participants had weaker memory for threatening
words. Overall, threatening words had significantly
lower drift rates than nonthreatening words (F(1,40)
= 8.35, MSE = .003, p = .006). However, further com-
parisons suggest that these effects were primarily
driven by the HTA group, as there was a significant
interaction between stimulus type and anxiety
group, F(1,40) = 7.89, MSE = .003, p = .007. Subsequent
t-tests on drift rates showed that the HTA group had
weaker drift rates for threatening compared to non-
threatening words, t(20) =−3.24, p = .004, and there
was no difference for the LTA group, t(20) = .086, p
= .933. This is reflected in the relative evidence (RE)
measures plotted in Figure 2, which are meant to
index the overall bias in drift rates (see Appendix 1).
RE was calculated by subtracting the threat drift rate
from the nonthreat drift rate for each participant,

Table 2. Diffusion model parameters averaged across subjects for experiments.

Experiment and condition a Ter po st sz η z/a-non z/a-threat X2

1. LTA-old .125 (.03) .513 (.06) .001 (.01) .213 (.08) .051 (.03) .211 (.09) .533 (.09) .529 (.08) 75 (36)
1. HTA-old .127 (.02) .515 (.04) .001 (.01) .219 (.09) .057 (.03) .186 (.10) .554 (.07) .544 (.08) 81 (44)
1. LTA-new .125 (.03) .519 (.05) .001 (.01) .200 (.10) .051 (.03) .185 (.10) .552 (.01) .553 (.07) 80 (23)
1. HTA-new .134 (.03) .532 (.06) .001 (.01) .227 (.09) .053 (.03) .206 (.08) .554 (.07) .549 (.07) 83 (96)
2. LTA-threat .131 (.03) .553 (.06) .002 (.01) .222 (.10) .051 (.04) .195 (.12) .544 (08) .542 (.08) 44 (26)
2. HTA-threat .140 (.03) .548 (.05) .001 (.01) .223 (.08) .042 (.04) .230 (.11) .588 (.08) .593 (.07) 48 (26)
2. LTA-non .126 (.03) .551 (.05) .001 (.01) .228 (.09) .042 (.04) .230 (.11) .539 (.08) – 52 (26)
2. HTA-non .134 (.03) .554 (.04) .002 (.01) .227 (.08) .051 (.04) .178 (.10) .577 (.06) – 54 (27)

Notes: SDs are shown in parenthesis. A, boundary separation; Ter, nondecision time; z/a, ratio of staring point relative to boundary for nonthrea-
tening words (non) and threatening words (threat); st, variability in Ter; sz, variability in starting point; η, variability in drift rate; po, probability of
a contaminant; X2, Chi-square value from fitting; HTA, high trait anxiety; LTA, low trait anxiety. For Experiment 2, threat indicates blocks with
mostly threatening words and non indicates blocks with mostly nonthreatening words.

Table 3. Drift rates averaged across subjects for experiments.

Drift rates

Experiment and condition Threat-old Threat-new Non-old Non-new RE Disc-threat Disc-non

1. LTA-old .164 (.07) – .165 (.07) – −.001 (.04) – –
1. HTA-old .137 (.12) – .213 (.13) – −.074 (.05) – –
1. LTA-new – −.158 (.12) – −.171 (.13) .023 (.05) – –
1. HTA-new – −.236 (.08) – −.182 (.06) −.054 (.06) – –
2. LTA-threat .223 (.10) −.208 (.12) – – .008 (.05) .431 (.20) –
2. HTA-threat .219 (.11) −.213 (.11) – – .003 (.05) .432 (.18) –
2. LTA-non – – .219 (.13) −.253 (.11) −.017 (.06) – .472 (.21)
2. HTA-non – – .200 (.14) −.279 (.16) −.041 (.06) – .479 (.27)

Notes: SDs are shown in parenthesis. Threat, threatening words; non, nonthreatening words; old, words were presented in study list; new, words
were not presented in study list; RE, relative evidence (see text for details); Disc, discriminability; HTA, high trait anxiety; LTA, low trait anxiety;
Drift rates for new items are negative, corresponding to the bottom boundary of the diffusion process.
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with positive values indicating memorial bias to recog-
nise threatening words and negative values indicating
bias to reject them. The RE is conceptually equivalent
to the criterion measure of bias from signal detection
theory (see White & Poldrack, 2014). Note that a similar
analysis was performed using the criterion measure
from signal detection theory, C, and it showed consist-
ent results (see Appendix 3). HTA participants showed
a relative bias against remembering threatening
words that manifested in the drift-rate-based RE
measure. In contrast, comparisons using the starting
point (z) showed no main effects or interactions (Fs
< 1), indicating no differences in response bias. For
those participants who only saw the primary words
at test (new-only condition), HTA participants had a
relative advantage for rejecting threatening words
(Figure 2). Similar to the results of the old-only con-
dition, this difference was reflected by stronger drift
rates and not a shift in starting point. There were no
main effects of stimulus type or anxiety group, but
the interaction was reliable, F(1,40) = 7.52, MSE
= .002, p = .009. The HTA group had higher absolute
drift rates for threatening compared to nonthreaten-
ing words, t(20) = 2.22, p = .038, and the difference
was not significant for the LTA group t(20) =−1.27,
p = .217. Consistent with the results of the old-only
condition, there were no effects involving starting
point (Fs < 1.3). The results showed that participants
with high anxiety had bias against recognising

studied threatening words, and a bias for rejecting
unstudied threatening words. In other words, the
HTA group was less likely to respond “old” to threaten-
ing words, regardless of whether or not they had been
studied. The diffusion model analysis showed that this
was due to differences in stimulus processing rather
than response bias, suggesting the effects can be
attributed to the evaluation of the memory evidence
for threatening stimuli. Further, since the bias was
apparent for participants in the new-only condition,
where no threatening words were studied, it cannot
be solely attributable to differences in encoding.
Overall this bias against recognising threatening
words is consistent with avoidance behaviour often
seen in highly anxious participants. If the HTA partici-
pants avoided deep or prolonged processing of threa-
tening words, it could interfere with their retrieval of
such items from memory, reducing the memory
strength for those words. In turn, the threatening
words would seem less familiar overall, decreasing
the likelihood that they would be labelled as old or
studied. Our results suggest that this avoidant proces-
sing occurs primarily during retrieval rather than
encoding, as the bias was shown even for words
that did not appear on the study list. Thus highly
anxious participants might avoid deeply probing
their memory for threatening information, so as to
reduce activation of threat-related memories that
could increase their level of state anxiety (see
Discussion).

Experiment 2

Experiment 1 demonstrated a reliable bias against
recognising threatening words for the anxious partici-
pants. Importantly, these effects were shown in the
absence of semantic-similarity effects: the low pro-
portion of threatening words in the list reduced the
impact of their categorical nature (see White et al.,
2014). Experiment 2 was designed in the same
manner as Experiment 1, except that semantic-simi-
larity effects were induced by presenting a higher pro-
portion of threatening words in the study and test
lists. Studying a list with a high proportion of related
items can increase familiarity for other items in that
category, producing a bias to recognise those items
as old. Experiment 2 allows us to assess whether the
threat bias found in Experiment 1 is affected by
semantic-similarity effects. The same recognition task
was used, except the primary words were presented
in blocks. Thus some blocks contained a high

Figure 2. RE for threatening compared to nonthreatening words
across both experiments. RE above 0 indicates a bias to label threaten-
ing words as old (see text for details). HTA, high trait anxiety; LTA, low
trait anxiety. Error bars indicate 95% confidence intervals. *Significant
group difference (p < .05).
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proportion of threatening words and the others con-
tained only nonthreatening words. In addition to indu-
cing semantic-similarity effects, the blocking
manipulation is also more likely to produce differ-
ences in response components like starting point;
thus potential response biases could be better
explored.

Method

The same stimuli, presentation, error feedback, and
STAI cut-offs were used as in Experiment 1. The only
exception was that low frequency words were no
longer included since the design called for fewer
filler trials. The main difference from the first exper-
iment was in the composition of the study/test lists.
Each cycle consisted of 20 studied words and 40 test
words (half new). Importantly, alternating study/test
cycles contained a high proportion of either threaten-
ing or nonthreatening words. In threatening blocks,
study lists consisted of 12 threatening words and 8
fillers (high frequency) and test lists consisted of the
20 studied words plus 12 new threatening words
and 8 new fillers. Thus a high proportion (60%) of
studied words were from the threat category. In non-
threatening blocks, study lists consisted of 12 non-
threatening words and 8 fillers and test lists
consisted of the 20 study words plus 12 new nonthrea-
tening words and 8 new fillers. Participants were not
informed about the content of the blocks.

Participants
Fifty-six Ohio State University students participated to
fulfil a course requirement, and were divided into
high and low anxiety in the same manner as for Exper-
iment 1. There were 21 HTA participants (14 female,
mean STAI = 47.3) and 21 LTA participants (13
female, mean STAI = 30.1).

Results

All responses faster than 300 ms and slower than 3 s
were discarded (less than .6% of the data). The behav-
ioural data are shown in Table 1. As with Experiment 1
there were no effects involving anxiety group for filler
stimuli, so they are not further analysed. The diffusion
model was fit separately to threatening and nonthrea-
tening blocks. This resulted in two sets of parameters
for each participant, which are shown in Table 2 (drift
rates in Table 3). For primary stimuli, 2 × 2 mixed
ANOVAs were performed for drift rates. As with

Experiment 1 there were no differences between
LTA and HTA in boundary separation, nondecision
time, or the variability parameters.

Because threatening words appeared as both
studied and new in the test list, we were able to esti-
mate both discriminability and bias for each partici-
pant (in contrast to Experiment 1 where they only
appeared as studied or new). The ability to discrimi-
nate between old and new words, calculated as the
difference between old and new drift rates (concep-
tually equivalent to d′ from signal detection theory),
was higher for nonthreatening compared to threaten-
ing words, but there was no difference between HTA
and LTA participants. To assess memorial bias, RE
was calculated as the average of the old and new
drift rates for threatening words, minus the average
of old and new drift rates for nonthreatening words.
Thus a positive value of RE indicates a relative bias
to recognise the threatening words as old compared
to the neutral words. As with Experiment 1, this RE
measure is functionally equivalent to the criterion
measure, C, from signal detection theory (see Appen-
dix 3). For RE (Figure 2), the main effect of stimulus
type was significant, F(1,40) = 6.35, MSE = .015,
p = .016, but neither the main effect of group nor
the interaction reached significance (Fs < 1). Threaten-
ing words produced higher RE than nonthreatening
words, consistent with induced semantic-similarity
effects that lead to a bias to endorse the items as
studied, but RE did not reliably differ between the
groups. Regardless, planned comparisons were per-
formed, revealing that HTA participants had more evi-
dence for the old response for threatening compared
to nonthreatening, t(20) = 2.73, p = .012, but the differ-
ence did not reach significance for LTA participants, t
(20) = 1.28, p = .22. There were nomain effects or inter-
actions involving starting point, consistent with Exper-
iment 1.

Both anxiety groups were relatively biased to
respond “old” to threatening compared to nonthrea-
tening words when many threatening words were
presented in a block. This bias in RE was slightly stron-
ger for HTA participants, though the between-groups
differences were not reliable. Further, there were no
differences in starting point from the diffusion
model analysis, indicating no effect of anxiety on
response bias. This failure to show differences
between the anxiety groups contrasts with Exper-
iment 1, where HTA but not LTA participants were
characterised by a stimulus bias away from recognis-
ing threatening words. Given that the main difference
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among the experiments was the proportion of cate-
gorised words in the study lists, there is evidence
that semantic-similarity effects are responsible for
the differential threat bias between the experiments.
To test the overall effect of the proportion manipu-
lation on anxiety-related threat bias, an ANOVA was
performed on the RE measures across the two exper-
iments, with group (low anxiety, high anxiety) and pro-
portion-threat (low [Exp. 1], high [Exp. 2]) as between-
subjects factors. Consistent with visual inspection of
Figure 2, there was a significant interaction between
group and proportion-threat ( f (1,121) = 6.935, p
= .0096), suggesting that the anxiety-related threat
bias was significantly affected by the proportion
manipulation (and thus the presence vs. absence of
semantic-similarity effects).

Discussion

The present study provides evidence for anxiety-
related bias against recognising threat in recognition
memory, and notably identifies semantic-similarity
effects (and study-list composition) as an important
moderating factor in identifying such biases. The
results of the first experiment showed that when rela-
tively few threatening words are presented, and thus
categorical similarity effects were minimal, there was
a reliable bias against responding “old” to threatening
words in participants with HTA relative to those with
LTA. Conversely, when threatening words were more
prominent in the study lists, likely making them
more familiar due to semantic-similarity effects, the
pattern of threat bias changed and the between-
groups difference disappeared. These results suggest
that there is some form of memorial or decision pro-
cessing of threat in individuals with HTA that produces
a bias against recognising threatening items, but it can
be obscured by strong semantic-similarity effects.
Further, since the bias manifested for unstudied
lures and not just studied targets (Exp. 1), it likely
occurs during retrieval from memory rather than at
encoding.

A bias against recognising threatening words is
consistent with avoidance tendencies often found in
anxious participants. If anxious participants avoided
deep processing of threatening information, as
suggested by Williams, Watts, MacLeod, and
Mathews (1988, 1997), it would limit or restrict the
process of probing memory for a match to the threa-
tening word, resulting in a weaker match and thus a
lower probability of indicating those words were

studied. In this framework, anxious individuals do
not strongly probe their memory for threatening infor-
mation so as to avoid the aversive nature of the
experience. As such, this effect might reflect a strategy
to regulate emotional distress triggered by the threa-
tening words, rather than an effect of memory itself.
This could lead to a deficit in memory confidence
that is driven by interference from the threatening
nature of the stimuli. As such, the bias against recog-
nising threat for anxious participants could be due
to memorial processing, decision processing, or poss-
ibly both.

Anxiety-related differences in threat memory could
also be related to bias in early detection of threat.
Many models of anxiety and threat processing focus
on how anxiety affects the identification and classifi-
cation of threatening information. For example,
Mogg and Bradley (1998) suggest that individuals
with high anxiety have a lower threshold or criterion
for threat, meaning even moderately threatening
items have a relatively high threat value. A lower
threat threshold could facilitate the avoidance of
threat in the environment, as potentially threatening
situations would be identified more quickly. In terms
of the avoidant memory bias found in the present
study, a lower threat threshold for the highly
anxious individuals could trigger avoidant behaviour
while they are probing memory at retrieval, resulting
in lower memory strength for those items. It is concei-
vable that even nonanxious participants would show
an avoidant bias for threatening items, but because
of their stronger criterion for assessing threat, the
items in this study were not threatening enough to
trigger that behaviour. Indeed, Mogg and Bradley
(1998) argue that differences between anxious and
nonanxious individuals are reduced when the threat
level is sufficiently high. An interesting future direction
would be to explore the relationship between biases
in threat classification and memory for threat.

While there are several potential explanations for
why high-anxiety participants were biased against lab-
elling threatening words as old, the reversal of this
effect in the presence of strong semantic-similarity
effects (Exp. 2) deserves consideration. In general,
we argue that the increased familiarity for threatening
words due to semantic similarity would produce the
observed effect of an overall bias to label those
words as old. However it is unclear why the anxiety-
related difference from Experiment 1 was not
observed in Experiment 2. One explanation is that
individuals with high anxiety might adjust their
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decision strategy when exposed to more threatening
stimuli. Thus the original bias against recognising
threat, potentially driven by strategies to regulate
emotional distress, would no longer be effective in
an environment with a higher prevalence of threaten-
ing stimuli. In other words, avoiding deep processing
of threatening information might be an effective strat-
egy for reducing distress in an environment with a low
prevalence of threat, but not so in an environment
with a high prevalence of threat. Future work will be
needed to better understand how and why threat
bias reverses as a function of the likelihood of encoun-
tering threat in the memory task. In terms of exper-
imental design and moderating factors, our results
demonstrate that extraneous semantic-similarity
effects, as driven by the composition of the study
lists, appear to be an important moderating factor
for threat-bias in recognition memory. In her review,
Mitte (2008) noted that recognition bias was primarily
affected by the stimulus materials, and not encoding
factors like depth of processing, or population charac-
teristics like comorbidity of depression. Consistent
with this, our manipulation of the stimuli presented
at study greatly affected the presence of anxiety-
related threat bias in the recognition tasks. The identi-
fication of list composition as an important moderat-
ing factor has broad implications for future studies
of threat bias, and our results suggest that future
studies should employ the strategy of sporadic pres-
entation of threatening stimuli (as in Experiment 1)
to avoid extraneous semantic-similarity effects (see
also White et al., 2014).

It is important to note, however, that several other
moderating factors likely play an important role in rec-
ognition bias for threatening information. Mitte (2008)
found that bias for recognising threat was most robust
for individuals with social phobia, and particularly for
pictorial stimuli as opposed to verbal stimuli. The
present study cannot speak to these factors, and has
several limitations that should be acknowledged.
The current experiments do not address the effects
of other moderating factors like stimulus materials
(e.g. faces vs. words) or study conditions (e.g. inciden-
tal vs. intentional), the anxiety groups were subclinical
and broadly defined (solely on their STAI-T scores),
and the threatening stimuli were likewise broadly
defined (including both physical and social threat).
Regardless, the semantic-similarity effects identified
in this study will be important when designing
future studies looking to explore threat bias in recog-
nition memory. We recommend that researchers

present threatening stimuli sporadically among
many other neutral stimuli to control for extraneous
semantic-similarity effects. Whether researchers are
contrasting different disorders (e.g. social phobia vs.
generalised anxiety disorder), different materials (e.g.
verbal vs. pictorial), or different encoding procedures
(e.g. shallow vs. deep encoding), the content of the
study lists can seriously affect the observed bias.

To summarise, the proportion of categorised threa-
tening items in the study lists can have strong effects
on the detection of anxiety-related bias for threaten-
ing information in recognition memory tasks. When
semantic-similarity effects were present for the cate-
gorised threatening words, there was no difference
in threat bias associated with trait anxiety. Conversely,
when semantic-similarity effects were reduced or
eliminated, HTA was associated with a bias against
recognising the threatening words. Overall, this work
identifies an important moderating factor for
anxiety-related threat bias, and demonstrates that
controlling for semantic-similarity effects can provide
insight into underlying processing differences associ-
ated with psychopathology.
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Appendix 1

Bias in the Diffusion Model
Recognition bias for threatening information can manifest in the diffusion model by changes in the drift rates

or the starting point of evidence accumulation (Figure 1; see White & Poldrack, 2014). The drift rate indexes how
much evidence is provided by the stimulus, whereas the starting point indexes how much of that evidence is
needed for each response. In recognition memory, if the drift rates are shifted towards the old boundary, it
means that the items have stronger memory (are more familiar) relative to some decision criterion (i.e. like in
Signal Detection Theory). This phenomenon, which we refer to as stimulus bias, can occur because of differences
in the memory trace itself, or the drift criterion (i.e. the signal detection criterion, Green & Swets, 1966; see also
Ratcliff & McKoon, 2008) used to map the memory into decision evidence. In contrast to this stimulus bias, if the
starting point of the diffusion process is shifted closer to the old boundary, it means there is an a priori bias for
that response, even before the stimulus is shown. This means that less memorial evidence needs to be sampled
to reach the old relative to the new response boundary. Because this phenomenon is more closely related to the
evaluation of the response boundary rather than the stimulus itself, we refer to it as response bias. Shifts in either
stimulus or response bias lead to behavioural bias effects, but they have different psychological interpretations.
Shifts in drift rate are driven by differences in comparing memory for a particular stimulus to a criterion, whereas
shifts in the starting point are driven by expectations about which response will be better (White & Poldrack,
2014). The diffusion model can disentangle these different biases because they produce differential effects
on the RT distributions of correct and error responses; changes in starting point lead to fast biased responses
only, whereas changes in drift rate lead to both fast and slow biased responses (Leite & Ratcliff, 2011;
Mulder, Wagenmakers, Ratcliff, Boekel, & Forstmann, 2012; Ratcliff, 1985; White & Poldrack, 2014). There are
several advantages to using the diffusion model over standard comparisons of accuracy. First, by fitting the
model to all aspects of the behavioural data, including accuracy and the correct and error RT distributions
for each condition, the model accounts for the entire set of data. Although valuable information is contained
in the RT distributions, they are typically ignored in memory studies, and in fact only one of the recognition
memory studies included in Mitte’s (2008) review analysed RTs (Pauli, Dengler, & Wiedemann, 2005). Second,
the model allows more specificity in the analyses, as the different model components can be separately com-
pared to assess whether there are any effects of anxiety on response caution, response bias, stimulus bias, or
stimulus discriminability. Finally, the diffusion model provides more sensitivity in the analyses, as the drift
rate measure is a “cleaner” index of task performance that can detect weaker effects than accuracy or RT
alone (Pe, Vandekerckhove, & Kuppens, 2013; White et al., 2009, 2010). The model identifies and controls indi-
vidual differences in response caution, nondecision time, and response bias, resulting in a measure of task pro-
cessing (drift rates) that more directly reflects the process of interest. Thus the diffusion model approach
provides several advantages over standard comparisons based on accuracy, allowing a finer-grained analysis
of potential effects of anxiety onmemory for threat. Thus the general procedure for this study was to manipulate
semantic-similarity effects by varying the proportion of threatening words in the memory task, and sub-
sequently model the behavioural data with the diffusion model to identify which decision components, if
any, differ as a function of trait anxiety. We hypothesise that the proportion of threatening words in the lists,
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and thus the presence/absence of semantic-similarity effects, will moderate effects of anxiety-related threat bias
in the recognition tasks. More specifically, we expect that strong semantic-similarity effects will obscure anxiety-
related differences in threat bias, and thus any group differences that are present will only be observed when
the semantic-similarity effects are reduced. For the diffusion model components, we hypothesise that any
anxiety-related threat bias will manifest in the drift rates, rather than the starting point, reflecting differences
in how the memorial stimuli are processed and evaluated for the recognition decision.

Appendix 2

Below are presented the recognition studies from the Mitte (2008) meta-analytic review and the composition of
their study lists. Lists with a high proportion of threat words (e.g. 50%) were likely to induce categorical effects
for those words.

Figure A1. Response and memorial bias in a diffusion model framework. z = starting point; a = boundary separation; vold = drift rate for old
items; vnew = drift rate for new items; RE = relative evidence. Memorial bias reflects a difference in memory strength and is indexed by a
shift in drift rates (and RE), whereas response bias reflects a difference in the amount of evidence needed for each response and is indexed
by a shift in the starting point.

Study List composition (% threat)

Beck, Stanley, Averill, Baldwin and Deagle (1992) 40 threat, 20 positive, 20 household, 250 filler (12%)
Brosschot, de Ruiter, and Kindt (1999) 12 threat, 12 positive, 12 neutral (33%)
Cloitre and Liebowitz (1991) 30 threat, 30 pleasant, 30 neutral (33%)
Coles and Heimberg (2005) 32 threat, 32 neutral (50%)
Dalgleish (1994) 10 negative, 10 neutral, 10 positive (33%)
Davis, Singer, Bonanno, and Schwartz (1988) 40 negative, 40 positive (50%)
Dirson, Bouvard, Cottraux, and Martin (1995) Not reported
Dowens and Calvo (2003) 32 threat, 16 positive, 16 neutral (50%)
Foa, Amir, Gershuny, Molnar, and Kozak (1997) 45 contaminant-related, 45 neutral (50%)
Foa, Gilboa-Schlechtman, Amir, and Freshman (2000) 4 angry, 4 positive, 4 disgust, 12 neutral (33%)
Litz et al. (1996) 48 threat, 48 education (50%)
Lundh, Thulin, Czyzykow, and Ost (1998) 48 threat, 24 positive, 24 neutral (50%)

(Continued )
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Appendix 3

Another approach to analysing the behavioural data is to use signal detection theory to calculate measures of
bias and discriminability. The discriminability measure, d′, relates to the overall ability to recognise old items
while rejecting new items. The bias measure, C, relates to the decision criterion used to classify the memory evi-
dence, and reflects an overall bias to label words as old or new. Both measures have corresponding measures in
the diffusion model, with d′ related to the drift rate discriminability measure (drift-old minus drift-new), and C
related to the RE measure (drift-old plus drift-new). As addressed in the manuscript, the diffusion model has
advantages over signal detection theory because it accounts for all of the data (including RTs), and can dis-
sociate stimulus bias from response bias. Nonetheless, we performed a signal detection analysis of the data
to demonstrate correspondence with the diffusion model results. The d′ measure is calculated as z(hit rate)–z
(false alarm rate), whereas the criterion measure is calculated as –(z[hit rate] + z[false alarm rate])/2. These cal-
culations were carried out for each participant in Experiment 2. The calculation is not as straightforward for par-
ticipants in Experiment 1, because they only received the target words as studied or new (not both). Thus to
calculate d′ and C for Experiment 1, participants from the new-only condition were randomly paired with

Continued.

Study List composition (% threat)

Lundh and Ost (1996a) 10 angry, 10 neutral (50%)
Lundh and Ost (1996b) 20 critical, 20 accepting (50%)
MacLeod and McLaughlin (1995) 96 threat, 96 nonthreat (50%)
McNally, Hornig, Hoffman, and Han (1999) 8 threat, 8 positive, 8 household (33%)
Mogg, Gadiner, Stavrou, and Golombok (1992) 32 threat, 16 positive, 16 neutral (50%)
Nugent and Mineka (1994) 64 threat, 32 neutral, 32 positive (50%)
Pauli et al. (2005) 48 threat, 48 neutral (50%)
Rapee, McCallum, Melville, Ravenscroft, and Rodney (1994) 48 threat, 24 positive, 24 neutral (50%)
Watts and Dalgleish (1991) 72 spider, 72 baby (50%)
Windman and Kruger (1998) 15 threat, 15 nonthreat (50%)
Windmann, Sakhavat, and Kutas (2002) 70 negative, 70 neutral (50%)

Note: SDs are shown in parenthesis. LTA, low trait anxiety; HTA, high trait anxiety; old, word was studied; new, word was not studied; HF, high
frequency; LF, low frequency.

Figure A2. Plot of criterion measure, C, from signal detection analysis. The values plotted are the criterion for neutral words minus the criterion
for threat words, meaning values above 0 indicate a bias to label the threat words as old. Circles are low-anxiety participants and triangles are
high-anxiety participants. Error bars reflect 95% confidence intervals.
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participants from the old-only condition. Note that the resulting measures should only be taken as qualitative
measure of the constructs of interest due to this random pairing procedure. Nonetheless, they can demonstrate
similar results between the signal detection and diffusion model analysis. Consistent with the diffusion model
analysis, there were no reliable effects of anxiety on d′ (all p’s > .3). The criterion measure, C, is plotted in Figure
A2 in the same manner as the RE plots in the manuscript, with criterion for neutral words minus criterion for
threat words. Thus a positive value indicates a bias to label threat words old compared to neutral words. For
the criterion measure the effects were qualitatively similar to the diffusion model analysis of RE (see Figure
A2), though the group difference in Experiment 1 did not quite reach significance (p = .1). The weaker effects
compared to the diffusion model analysis are likely due to two reasons: (1) the diffusion model drift rates are
more sensitive to small effects because they account for RTs and control for individual differences in other com-
ponents like response caution, and (2) the signal detection analysis of Experiment 1 was necessarily a between-
subjects comparison, whereas the diffusion model analysis was within-subjects. Overall though, the signal
detection results are broadly consistent with the diffusion model results (see Ratcliff, 2014), offering support
for the conclusions derived from the latter.

Table A1. Mean drift rates across participants for filler items.

Experiment and condition HF-old HF-new LF-old LF-new

1. Primary old
LTA .093 (.06) −.187 (.06) .180 (.09) −.251 (.11)
HTA .132 (.09) −.166 (.12) .208 (.10) −.246 (.12)

1. Primary new
LTA .118 (.12) −.152 (.05) .180 (.09) −.243 (.11)
HTA .124 (.07) −.146 (.08) .186 (.09) −.236 (.08)

2. Threat block
LTA .089 (.08) −.256 (.12) – –
HTA .115 (.14) −.250 (.12) – –

2. Nonthreat block
LTA .123 (.08) −.159 (.08) – –
HTA .149 (.12) −.189 (.14)

Note: SDs are shown in parenthesis. RT, response time; Pr old, proportion of old responses; threat, threatening words; Non, nonthreatening
words; old, primary words appeared in the study list; new, primary words did not appear in the study list; LTA, low trait anxiety; HTA, high
trait anxiety.

Table A2. Accuracy and reaction times averaged across subjects.

LTA HTA

Experiment Pr old Mean correct RT Mean error RT Pr Old Mean correct RT Mean error RT
1. Primary old
HF-old .653 (.11) 730 (95) 806 (140) .723 (.10) 744 (91) 820 (120)
HF-new .263 (.11) 777 (110) 767 (130) .299 (.14) 806 (84) 773 (102)
LF-old .764 (.11) 730 (87) 766 (122) .822 (.08) 745 (98) 810 (173)
LF-new .198 (.11) 745 (97) 795 (142) .197 (.11) 780 (81) 813 (118)

1. Primary new
HF-old .698 (.07) 739 (104) 812 (130) .699 (.08) 769 (87) 864 (148)
HF-new .296 (.14) 800 (132) 813 (152) .314 (.11) 820 (131) 840 (135)
LF-old .767 (.10) 736 (95) 771 (143) .768 (.08) 754 (87) 820 (154)
LF-new .177 (.09) 768 (91) 815 (160) .198 (.09) 773 (89) 864 (157)

2. Threat block
HF-old .678 (.08) 774 (93) 851 (150) .699 (.12) 775 (79) 875 (157)
HF-new .196 (.11) 818 (121) 841 (154) .205 (.11) 843 (115) 909 (203)

2. Nonthreat block
HF-old .804 (.07) 763 (77) 898 (215) .823 (.08) 761 (79) 930 (144)
HF-new .228 (.13) 832 (118) 889 (198) .262 (.14) 847 (89) 885 (127)
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