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Sometimes we make judgments or discriminate be-
tween stimulus categories without being able to describe 
the basis of our judgments verbally. For instance, a doc-
tor may have the impression that a patient suffers from 
a certain disease even before she has obtained medical 
evidence for her diagnosis and even if she is not able to 
provide an explicit verbal justification for her impression. 
In philosophy, the term intuition has long been used to 
denote the immediate apprehension of an idea, axiom, or 
piece of knowledge without conscious logical deduction. 
Likewise, many psychological theories invoke a distinc-
tion between two qualitatively different modes of mental 
functioning, which have been variously termed analytic 
versus intuitive, rational versus experiential, reflective 
versus reflexive, or simply reasoning versus intuition (for 
overviews, see Bastick, 1982; Epstein, 1994; Kahneman, 
2003; Kuhl, 2000; Lieberman, 2000; Strack & Deutsch, 
2004; Westcott, 1968). Although the concept of intuition 
has often been criticized as elusive and resisting precise 
definition and experimental scrutiny, an increasing num-
ber of studies on implicit forms of information processing 
indicate that perception, memory, and judgment are influ-

enced by information that is not or is only partially acces-
sible to consciousness (for reviews, see Goschke, 1997; 
Greenwald, 1992; Kihlstrom, 1987; Lieberman, 2000; 
Perrig & Wippich, 1995; Reber, 1993; Schacter, 1987; 
Seger, 1994; Stadler & Frensch, 1998). These findings 
have lent renewed credibility to the concept of intuition 
and have stimulated attempts to investigate the underly-
ing cognitive mechanisms (Kahneman, 2003; Lieberman, 
2000; Perrig & Wippich, 1995).

We conceive of intuition as the ability to make above-
chance judgments about properties of a stimulus on the 
basis of information that is activated in memory but not 
consciously retrieved. Intuition is thus not some special or 
even mysterious capacity, but is rather based on preexist-
ing knowledge that may guide decisions and judgments 
without being accessible to conscious awareness. One task 
that has been used to investigate intuitive judgments in 
the domain of semantic processing is the coherence judg-
ment task introduced by Bowers, Regehr, Balthazard, and 
Parker (1990). These authors employed a modified ver-
sion of the remote associates test (Mednick & Mednick, 
1967) in which participants were presented with pairs of 
word triads, one of which was coherent in the sense that all 
three clue words had a common associate (the “solution 
word”). For instance, in the triad playing–credit–report, 
all three words are weakly associated with the solution 
word card. The second triad of a given pair was incoher-
ent—that is, the clue words had no common associate 
(e.g., house–lion–butter). Interestingly, participants were 
able to decide reliably above chance level which of the tri-
ads was coherent even when they could not come up with 
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the solution word. We recently replicated this finding, and 
we showed in addition that intuitive coherence judgments 
significantly improved when participants were induced to 
have a happy rather than a neutral or negative mood (Bolte, 
Goschke, & Kuhl, 2003). One possible explanation of 
these findings is based on the assumptions that activation 
spreads from the clue words to various related concepts 
in memory (Collins & Loftus, 1975) but that this activa-
tion converges on a common associate only in the case of 
coherent triads. Activation of the common associate may 
then give rise to an intuitive perception of coherence and 
bias participants’ judgments, even if it is not sufficient to 
support conscious retrieval of the solution concept (Bolte 
et al., 2003; Dorfman, Shames, & Kihlstrom, 1996; see 
also Bowden & Beeman, 1998; Greenwald, 1992; Yaniv 
& Meyer, 1987). (An alternative possibility of how to ac-
count for the emergence of intuitive feelings of coherence 
will be discussed in the General Discussion section.)

In this study, we investigated one critical feature that 
has been proposed to set intuitive judgments apart from 
more analytic forms of reasoning—namely, their speed. 
In addition to the fact that intuitive judgments are based 
on information that is not accessible to conscious aware-
ness or verbal report, it is usually assumed that intuitive 
judgments are made spontaneously and do not require 
a time-consuming deliberate memory search or explicit 
reasoning process (see, e.g., Kahneman, 2003). Our main 
question thus was whether it is possible to make above-
chance coherence judgments within a time window too 
short to engage in extended deliberation and explicit rea-
soning, where by “explicit reasoning” we mean the con-
trolled search for and sequential generation of candidate 
solution concepts and the evaluation of these candidate 
solutions with respect to their semantic relatedness to all 
three clue words.

Previous studies have provided no clear answer to this 
question. For instance, participants in the experiments of 
Bowers et al. (1990) were given 8–12 sec to decide which 
of two word triads was coherent, which is clearly suffi-
cient for explicit reasoning and deliberation of possible 
candidate solutions. Likewise, in our own previous study 
(Bolte et al., 2003), in which word triads were presented 
one at a time, participants had in principle sufficient time 
to consciously ponder possible candidate solutions before 
making a coherence judgment. Therefore, in the present 
experiments we used a response signal method (Reed, 
1973; Wickelgren, 1977) to restrict the time available for 
processing word triads before participants had to make an 
intuitive coherence judgment. Participants were trained 
to synchronize their manual responses, by which they in-
dicated whether they thought a given word triad was co-
herent or incoherent, with a response signal appearing at 
different lags after the onset of the word triad. If intuitive 
judgments rest on a rapidly emerging feeling of coherence, 
participants should be able to make above-chance intui-
tive coherence judgments at very short lags. Specifically, 
if participants were able to make above-chance intuitive 
coherence judgments less than 2 sec after the onset of a 

word triad, this finding would render it highly unlikely 
that their judgments were based on an explicit reason-
ing process, in the course of which participants retrieved 
and evaluated possible candidate solutions or generated a 
conscious representation of a coherent context in which 
the three clue words fit. Therefore, in Experiment 1 we 
investigated intuitive coherence judgments at lags of 1 
and 2 sec, whereas in Experiment 2 we used even more 
fine-grained lags of 1, 1.5, and 2 sec.

EXPERIMENT 1

Method
Participants. Twenty-four undergraduates from the University 

of Osnabrück and the Braunschweig University of Technology par-
ticipated for course credit or received €5.

Materials. Stimuli were 60 word triads taken from Bowers et al.’s 
(1990) study, which were similar to items from the remote associ-
ates task (Mednick & Mednick, 1967). All items were translated into 
the German language (a small number of triads were slightly modi-
fied to avoid connotations specific to the American language). Half 
of the triads were coherent—that is, each of the three clue words was 
weakly associated with a common fourth word (the solution word). 
The other half of the triads were incoherent—that is, the three words 
were not associated with a common solution word. In order to obtain 
association norms for the German version of the material, we had 
58 participants rate the semantic relatedness between the three clue 
words and the target word for each triad on a 5-point rating scale 
(1 � not related at all, 5 � highly related ). As intended, the mean 
semantic relatedness of the clue words of coherent triads and their 
solution word was in the medium range (M � 3.0, SD � 0.74) and 
was reliably higher than the mean for incoherent triads (M � 1.6, 
SD � 0.51) [t(57) � �13.11, p � .001]. Moreover, we obtained 
ratings of semantic relatedness among the three clue words of a 
triad. This was done because, in order to unequivocally attribute 
above-chance intuitive coherence judgments to the association of 
the clue words with the weak common associate, one must make 
sure that the relatedness among the three clue words is not higher 
for coherent than for incoherent triads. Otherwise, above-chance 
judgments could be based on the (explicit) perception of associa-
tions among the clue words rather than the (unconscious) activa-
tion of the common solution concept. Forty undergraduates judged 
the pairwise relatedness among the three clue words on a 5-point 
ratings scale (1 � not related at all, 5 � highly related )—that is, 
for each triad, relatedness judgments were obtained for each of the 
three possible pairings, and these relatedness judgments were then 
averaged for each triad. Means of these average relatedness ratings 
were 2.16 (SD � 0.49) for incoherent triads and 2.22 (SD � 0.58) 
for coherent triads, values that were not reliably different [t(39) � 
�1.31, p � .19].

Procedure. Stimulus presentation and response recording were 
controlled by a PC and synchronized with the vertical retrace signal 
of the monitor. Each participant performed two blocks of trials that 
differed with respect to the lag between the onset of the word triad 
and the response signal (1 vs. 2 sec).1 The order of blocks was coun-
terbalanced across participants. In each lag condition, each partici-
pant was presented with a subset of 10 coherent and 10 incoherent 
triads. Across participants, each triad was presented equally often in 
each lag condition to exclude any material-specific effects.

Prior to each experimental block, the participants performed a 
series of practice trials in which they were trained to synchronize 
their responses with a response signal appearing at the same lag as 
in the subsequent experimental block. On each practice trial, a fixa-
tion cross was presented. After a lag of 1 or 2 sec, the fixation cross 
disappeared and the response signal (an 80-Hz tone of 100-msec 
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length) was presented. The participants were instructed to press a 
key in synchrony with the tone. If the keypress did not occur within 
500 msec after the onset of the response signal, a 1000-Hz feedback 
tone was presented. The practice phase ended when, on 50 succes-
sive trials, a participant consistently pressed the key after the tone 
but before the response deadline.

After the practice trials, the participants performed the coherence 
judgment task, in which they were presented with word triads one at 
a time on the computer monitor, and their task was to judge whether 
or not these word triads were semantically coherent. The participants 
had been informed prior to the task that the clue words of coherent 
triads were all weakly associated with a common target word. After 
a warning signal, the three clue words were presented one above the 
other at the center of the screen, where they remained for 1 or 2 sec, 
depending on the response deadline; the response deadline in each 
of the two blocks was identical to the deadline in the practice trials 
preceding the block. Simultaneously with the offset of the triad, a 
response signal (an 80-Hz tone) was presented for 100 msec, and the 
words coherent or incoherent? appeared at the center of the screen. 
The participants indicated their coherence judgments by pressing 
the “-” or the “y” key on the computer keyboard. Assignment of 
response categories to the keys was counterbalanced across partici-
pants. If a participant did not respond within a 500-msec interval 
after the onset of the warning tone, a second tone of 1000 Hz was 
presented that continued until the participant pressed a key. This 
second tone did not occur if the participant responded within the as-
signed time interval. Thus, the response deadline equaled the lag of 
the response signal plus 500 msec. After each coherence judgment, 
the participants rated their confidence in the judgment on a 4-point 
rating scale (1 � low confidence, 4 � high confidence). Finally, the 
participants were prompted to enter a possible solution word via the 
computer keyboard. They were given an additional 3 sec to generate 
a word. When they were unsure or thought that there was no solution 
word, they were asked to guess and enter the first word that came 
to mind. We can thus exclude the possibility that the participants 
occasionally retrieved a correct solution word but refrained from 
reporting it because of a strict response criterion.

Results and Discussion
Solved triads. We classified coherent triads as solved 

if participants produced the preordained solution word or 
an exact synonym of the solution word. In addition, we 
considered words solutions if they were judged to be se-
mantically related to the three clue words by at least one 
of two independent raters.2 This was done to detect trials 
on which participants came up with plausible but unan-
ticipated solution words (e.g., hike given as a solution for 
the triad goat–pass–green instead of the preordained solu-
tion mountain). By classifying these triads as solved, we 
attempted to be as conservative as possible in consider-
ing a given coherence judgment as intuitive. According to 
these criteria, 17% of the coherent triads were classified as 
solved. Of the produced solutions, 35% were preordained 
solution words and 65% were either synonyms of the pre-
ordained solution word or words that were semantically 
related to the clue words of a given triad. As was expected, 
words produced for incoherent triads were never classified 
by the two raters as related to the clue words. On aver-
age, participants solved 15.8% of the coherent triads in the 
1-sec lag condition and 17.5% in the 2-sec lag condition. 
These values were not reliably different ( p � .60), which 
is unsurprising, because in both lag conditions participants 
were given an additional 3 sec to come up with a solution 
after they had made their coherence judgments.

Response times (RTs). Responses made more than 
500 msec after the onset of the response signal were dis-
carded from all analyses, which was true for 15% of all 
trials with unsolved triads. An ANOVA with lag (1 vs. 
2 sec), triad (coherent vs. incoherent), and judgment (co-
herent vs. incoherent) as independent variables and the 
number of outliers as the dependent variable yielded no 
significant main effects or interactions.

Table 1 shows means of the remaining RTs of coherence 
judgments for solved and unsolved coherent and incoher-
ent triads for the two lags (measured from the onset of 
the response signal). On average, participants responded 
279 msec after the response signal (that is, 221 msec be-
fore the response deadline). A 2 � 2 � 2 ANOVA with 
the independent variables lag (1 vs. 2 sec), triad (coherent 
vs. incoherent), and judgment (coherent vs. incoherent) 
yielded significant main effects of triad [F(1,23) � 6.17, 
MSe � 2,838, p � .05] and judgment [F(1,23) � 18.93, 
MSe � 1,605, p � .01] and a significant interaction of 
lag and judgment [F(1,23) � 5.98, MSe � 1,699, p � 
.05]. No other main effects or interactions were signifi-
cant.3 Although significant, the numerical differences in 
mean RTs were very small. On average, participants re-
sponded slightly faster to incoherent triads than to coher-
ent triads (269 vs. 288 msec), and they responded slightly 
faster when they judged triads as coherent than when they 
judged them as incoherent (266 vs. 292 msec). The inter-
action between lag and judgment reflects the fact that the 
RT difference between triads that were judged coherent 
and those judged incoherent was more pronounced for 
the 1-sec lag (248 vs. 288 msec, respectively) than for the 
2-sec lag (284 vs. 294 msec, respectively).

Coherence judgments for unsolved triads. Table 2 
shows the mean numbers of solved and unsolved coher-
ent and incoherent triads that were judged as coherent or 
incoherent within the time window of 500 msec after the 
onset of the response signal.4 For the unsolved triads, we 
computed hit rates (i.e., the proportion of unsolved coher-
ent triads that were correctly classified as coherent) and 
false alarm rates (i.e., the proportion of unsolved incoher-
ent triads that were falsely classified as coherent; see Fig-
ure 1). As an index for the ability to discriminate between 

Table 1
Mean RTs in Milliseconds (Measured From the Onset of 

the Response Signal) for Coherence Judgments for Solved 
Coherent and Unsolved Coherent and Incoherent Triads as a 

Function of the Lag Between the Onset of the Word Triads and 
the Response Signal

 Solved Unsolved Triads

 Coherent Triads Coherent Incoherent

 M SD M SD M SD

Lag � 1 sec
  Judged as coherent 237 110 253 78 244 81
  Judged as incoherent 243 99 290 80 286 59

Lag � 2 sec
  Judged as coherent 289 71 295 64 273 57
  Judged as incoherent 296 94 316 73 274 50

Note—Incoherent triads by definition had no solutions.
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unsolved coherent and incoherent triads, we computed the 
difference between hit and false alarm rates. This differ-
ence we term the intuition index. A planned comparison 
showed that whereas the intuition index did not reliably 
differ from the chance level of 0 for the 1-sec lag [M � 
�0.001; t(23) � �0.017, p � .99], it was significantly 
above chance level for the 2-sec lag [M � 0.10; t(23) � 
2.36, p � .03].

We also computed for each participant a nonparametric 
signal detection measure of discriminability, termed A	 
(Pollack, 1970; see Figure 1). Chance performance yields 
an A	 of .5, perfect performance an A	 of 1. Planned com-
parisons showed that for the 1-sec lag, the mean value of 
A	 (.49) did not differ reliably from chance level [t(23) � 
�0.35, p � .73], whereas A	 (.58) was reliably above 
chance level for the 2-sec lag [t(23) � 2.49, p � .03].

Conclusions. In the 2-sec lag condition, participants 
judged the semantic coherence of word triads at a rate 
reliably better than chance level, even if they did not con-
sciously retrieve the solution word. By contrast, at a lag of 
1 sec participants could not reliably discriminate between 
coherent and incoherent triads. The intuition index (the 
difference between hit and false alarm rates) for the 2-sec 
lag was of the same order of magnitude (.10) as it was in 
our previous study (.13) in which no response deadline 
was imposed (Bolte et al., 2003, Experiment 1). Given 
that participants responded on average 279 msec after the 
response signal, above-chance intuitive judgments were 
made already about 2.3 sec after the onset of a word triad. 
In interpreting this result, one must take into account that 
this interval includes the time required to read the three 
clue words and to produce the manual response (we return 
to this point in the General Discussion section). Experi-
ment 1 thus provides initial support for the assumption 
that intuitive coherence judgments were not the result of 
an extended problem solving process during which partic-
ipants pondered various candidates for a solution. Rather, 
our results are consistent with the assumption that coher-
ence judgments were based on a rapidly emerging feeling 
of coherence that presumably resulted from the activation 
of the solution concept in memory in the absence of con-
scious retrieval.

EXPERIMENT 2

Experiment 1 showed that participants were able to 
discriminate between unsolved coherent and incoherent 
word triads about 2 sec after the onset of a triad, whereas 
their performance was on a chance level for the 1-sec lag. 
Experiment 2 replicated this result with a larger sample of 
participants, but this time the response deadline was varied 
in more fine-grained steps, in order to obtain information 
about the accumulation of task-relevant information in the 
critical time window between 1 and 2 sec. We therefore 
had participants judge the semantic coherence of word 
triads synchronously with a response signal that appeared 
either 1, 1.5, or 2 sec after the onset of the triad.

Method
Participants. Forty-eight undergraduates from the University of 

Osnabrück and the Braunschweig University of Technology partici-
pated for course credit or received €5.

Procedure. The materials and procedures were identical to those 
in Experiment 1, except that the lag between the onset of the word 
triad and the response signal was set to 1, 1.5, or 2 sec. Each partici-
pant performed three blocks of trials, one with each lag. The order of 
the three blocks was counterbalanced across participants.

Results and Discussion
RTs. Responses made more than 500 msec after the 

onset of the response signal were discarded from all 
analyses, which was true for 15.7% of all trials with un-
solved triads. An ANOVA with lag (1 vs. 1.5 vs. 2 sec), 
triad (coherent vs. incoherent), and judgment (coherent 
vs. incoherent) as independent variables and the number 
of outliers as the dependent variable yielded no signifi-

Table 2
Mean Number of Solved Coherent and Unsolved Coherent 
and Incoherent Triads That Were Classified as Coherent or 

Incoherent

 Solved Unsolved Triads

 Coherent Triads Coherent Incoherent

 M SD M SD M SD

Lag � 1 sec
  Judged as coherent 0.79 0.97 2.96 2.25 3.54 2.38
  Judged as incoherent 0.79 1.06 3.92 2.20 4.87 2.40

Lag � 2 sec
  Judged as coherent 1.37 1.66 3.58 1.81 3.87 1.82
  Judged as incoherent 0.37 0.57 3.46 1.91 5.08 1.58

Note—Because of occasional missing values and outliers, the total 
number of triads was less than 20 within each lag. Incoherent triads by 
definition had no solutions.
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Figure 1. Proportion of hits (unsolved coherent triads that were 
correctly classified as coherent) and false alarms (unsolved inco-
herent triads that were falsely classified as coherent), as well as 
corresponding values of A�. Error bars represent standard errors.
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cant results. Table 3 shows means of the remaining RTs 
of the coherence judgments for the three lags (measured 
from the onset of the response signal). On average, par-
ticipants responded 262 msec after the response signal 
(that is, 238 msec before the response deadline). RTs for 
unsolved triads served as the dependent variable in a 3 � 
2 � 2 ANOVA with the independent variables lag (1 vs. 
1.5 vs. 2 sec), triad (coherent vs. incoherent), and judg-
ment (coherent vs. incoherent). This analysis yielded no 
significant main effects or interactions.

Solved triads. Triads were classified as solved accord-
ing to the same criteria as in Experiment 1. As was ex-
pected, words produced for incoherent triads were never 
classified by the two raters as related to the clue words. 
Of the coherent triads, 17% were classified as solved. Of 
the solutions that were produced, 37% were preordained 
solution words, and 63% were either synonyms of the 
preordained solution word or words that were semanti-
cally related to the clue words of a given triad. Partici-
pants solved 14.1% of the coherent triads in the 1-sec lag 
condition, 20.2% in the 1.5-sec lag condition, and 17.3% 
in the 2-sec lag condition. These values were not signifi-
cantly different [F(2,94) � 1.73, MSe � 2.54, p � .18]. 
As in Experiment 1, this is unsurprising, since in each lag 
condition participants were given an additional 3 sec to 
come up with a solution after they had made their coher-
ence judgments.

Coherence judgments for unsolved triads. Table 4 
shows the mean numbers of solved and unsolved coher-
ent and incoherent triads that were judged as coherent or 
incoherent within the time window of 500 msec after the 
onset of the response signal. For unsolved triads, hit and 
false alarm rates and the intuition index were computed 
as in Experiment 1 (see Figure 2). Planned comparisons 
showed that whereas for the 1-sec lag the intuition index 
did not differ reliably from the chance level of 0 [M � .01; 
t(47) � 0.37, p � .71], the intuition index was reliably 
above chance level for the 1.5- and 2-sec lags [M � .09 

and .10, respectively; t(47) � 2.47, p � .02, and t(47) � 
2.51, p � .02, respectively].

We also computed A	 for each participant (see Figure 2). 
Whereas for the 1-sec lag the mean value of A	 was not 
reliably above chance level [.51; t(47) � 0.41, p � .68], 
the value of A	 was reliably above chance level for the 1.5- 
and 2-sec lags [.56 and .58, respectively; t(47) � 2.06, 
p � .05, and t(47) � 2.40, p � .03, respectively].

Conclusions. Participants again judged the seman-
tic coherence of word triads at a rate reliably better than 
chance level, even if they did not consciously retrieve 
the solution word. Most importantly, using a more fine-
grained manipulation of response deadlines, we obtained 
clear evidence that participants were able to make above-
chance coherence judgments even when the lag between 
the onset of the word triads and the response signal was 
as short as 1.5 sec. Given that participants responded on 
average 262 msec after the response signal, above-chance 
coherence judgments were on average made already about 
1.8 sec after the onset of the word triad. As in Experi-
ment 1, only at the shortest lag, 1 sec, did participants not 
judge the coherence of word triads above chance level.

GENERAL DISCUSSION

The purpose of this study was to investigate two critical 
features that distinguish intuitive judgments from more 
analytical forms of reasoning. First, we assumed that in-
tuitive judgments are based on information that is acti-
vated in memory but not accessible to conscious aware-
ness or verbal report. Second, it has been proposed that 
intuitive judgments are made spontaneously and do not 
rely on explicit reasoning (see, e.g., Kahneman, 2003). In 
two experiments, we had participants judge the semantic 
coherence of word triads under different response dead-
lines, thereby effectively restricting the time available for 
explicit reasoning. Two main results were obtained: First, 
participants made above-chance coherence judgments 

Table 3
Mean RTs in Milliseconds (Measured From the Onset of 

the Response Signal) for Coherence Judgments for Solved 
Coherent and Unsolved Coherent and Incoherent Triads as a 

Function of the Lag Between the Onset of the Word Triads and 
the Response Signal

 Solved Unsolved Triads

 Coherent Triads Coherent Incoherent

 M SD M SD M SD

Lag � 1 sec
  Judged as coherent 244 110 253 74 270 87
  Judged as incoherent 229 85 269 98 274 76

Lag � 1.5 sec
  Judged as coherent 228 90 252 69 240 64
  Judged as incoherent 226 94 265 85 244 71

Lag � 2 sec
  Judged as coherent 250 104 283 77 262 78
  Judged as incoherent 240 97 259 87 267 84

Note—Incoherent triads by definition had no solutions.

Table 4
Mean Number of Solved and Unsolved Coherent and 

Incoherent Triads That Were Classified as Coherent or 
Incoherent

 Solved Unsolved Triads

 Coherent Triads Coherent Incoherent

 M SD M SD M SD

Lag � 1 sec
  Judged as coherent 0.80 0.77 3.62 2.11 4.72 2.68
  Judged as incoherent 0.62 0.84 3.16 2.23 4.23 2.84

Lag � 1.5 sec
  Judged as coherent 1.35 1.49 3.77 1.89 4.20 2.25
  Judged as incoherent 0.66 0.83 3.04 2.42 4.37 2.29

Lag � 2 sec
  Judged as coherent 1.22 1.44 3.75 2.55 4.02 2.40
  Judged as incoherent 0.50 0.80 2.60 2.19 4.22 2.19

Note—Because of occasional missing values and outliers, the total 
number of triads was less than 20 in each lag. Incoherent triads by defi-
nition had no solutions.
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even if they did not consciously retrieve the solution word. 
This result was obtained even though we were very con-
servative in classifying word triads as unsolved. In par-
ticular, to exclude the possibility that participants some-
times came up with explicit solutions that differed from 
the preordained solution word, we classified as correctly 
solved word triads for which a participant produced either 
a synonym of the solution word or a “solution” word that 
was unexpected but semantically related to the word triad. 
Moreover, we forced participants to guess when they felt 
unable to provide a solution word or were unsure whether 
they had retrieved the correct solution. We can thus ex-
clude the possibility that participants refrained from re-
porting consciously retrieved candidate solutions because 
of an overly conservative response criterion. Finally, we 
gave participants ample time (3 sec) to think of a solution 
after they had made their initial coherence judgment. If 
participants still did not come up with a solution word 
at the later point, we can safely conclude that they were 
unaware of an explicit solution when they made their co-
herence judgment. In conclusion, in accord with the first 
criterion for intuitive judgments, participants were able to 
judge the coherence of word triads on the basis of infor-
mation that was activated in memory but not consciously 
retrieved.

Our second and central finding concerns the speed of 
intuitive judgments. Remarkably, participants’ intuitive 
coherence judgments were significantly above chance 
level even when the lag between the onset of word triad 
and the response signal was as short as 1.5 sec. The in-
tuition index (i.e., the difference between hit and false 
alarm rates) for this lag was of almost the same magnitude 

as in our earlier study (Bolte et al., 2003, Experiment 1) 
in which no response deadline was imposed. Only at the 
shortest lag, 1 sec, could participants not reliably discrim-
inate between coherent and incoherent triads.

Given that participants almost perfectly followed the 
instructions and on average responded within 300 msec 
after the onset of the response signal, in the 1.5-sec lag 
condition they made above-chance intuitive judgments 
even when they took less than 1.8 sec to respond. In order 
to obtain an estimate of how long it takes at minimum to 
simply read the three clue words under optimal conditions, 
we performed a supplementary reading time experiment. 
Sixteen participants were presented with the complete set 
of word triads used in the main experiments one triad at 
a time on a computer monitor. They were instructed to 
read silently the three clue words of each triad as fast as 
possible and to press a key immediately after having read 
the last word of a triad. Mean RTs for reading the coher-
ent and incoherent triads (including the time required for 
the keypress) were 888 msec (SD � 326) and 867 msec 
(SD � 398), respectively. Taking these RTs as an estimate 
of the minimum time required for reading the word triads 
and for producing a manual response, it becomes clear 
why participants were not able to make above-chance 
judgments (even on an intuitive basis) in the 1-sec lag 
condition, because the time between the onset of the triad 
and the response signal was just sufficient for reading the 
clue words. With respect to the 1.5-sec lag condition, we 
can estimate that participants had about 900 msec avail-
able for thinking of a possible solution word after reading 
the clue words. It appears highly unlikely that coherence 
judgments in this condition were based on an explicit rea-
soning process, in the sense that participants generated 
possible candidate solution words and evaluated them 
with respect to their semantic relatedness to the three clue 
words. This appears especially unlikely in light of the re-
peated finding that retrieval of even a single free associa-
tion in response to a clue word takes at minimum about 
1 sec (and usually much longer; see, e.g., Galton, 1879; 
Jung & Riklin, 1904). Even considering that our partici-
pants were not required to overtly verbalize candidate so-
lution words, during the 1.5-sec lag participants at best 
could have retrieved a single candidate solution, but they 
would hardly have been able to evaluate it with respect 
to its relatedness with the three clue words. Moreover, it 
should be recalled that whatever candidate words might 
have come to our participants’ minds before the response 
deadline, these words clearly were not related to the clue 
words in the case of unsolved triads, since for those we 
analyzed only trials on which participants did not report a 
semantically related solution word.

In conclusion, our findings are consistent with the in-
terpretation that participants’ judgments were guided by 
a rapidly evolving intuitive impression of semantic co-
herence. This conclusion fits with Kahneman’s (2003; cf. 
Mednick, 1962) characterization of intuitive processes as 
fast, automatic, effortless, associative, and implicit. Note 
that this interpretation does not imply that an intuitive im-
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Figure 2. Proportion of hits (unsolved coherent triads that were 
correctly classified as coherent) and false alarms (unsolved in-
coherent triads that were falsely classified as coherent), as well as 
corresponding values of A�. Error bars represent standard errors.
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pression of coherence is elicited by the word triads inde-
pendently from participants’ intentions or the particular 
task set. Rather, even if intuitive coherence judgments are 
not based on explicit reasoning, but instead rely on the au-
tomatic activation of the solution concept in memory, this 
activation nevertheless could still be contingent on the 
participants’ conscious intentions or the task set. In fact, 
there is evidence that activation of the solution concept 
occurs only if participants have the intention of finding a 
common associate for the clue words, not if they merely 
read word triads without searching for a solution word 
(Dorfman et al., 1996; Shames, 1994).

What cognitive mechanisms underlie intuitive coher-
ence judgments? One possibility that has been suggested 
in previous studies holds that the intuitive feeling of co-
herence is based on the activation of the solution concept 
in semantic memory (Bolte et al., 2003; Bowers et al., 
1990; Dorfman et al., 1996; cf. Bowden & Beeman, 1998; 
Mednick, 1962; Yaniv & Meyer, 1987). According to this 
account, each of the three words of a triad activates vari-
ous semantically associated concepts, but only with co-
herent triads will activation spreading from the clue words 
converge on a common weak associate. Even if this con-
verging activation does not suffice to support conscious 
retrieval, it may give rise to an intuitive impression of 
semantic coherence and thereby bias participants’ judg-
ments. It is important to recall that in our experiments, co-
herent and incoherent triads did not differ with respect to 
semantic relatedness among the three clue words. Above-
chance coherence judgments thus could not be based on 
relatedness among the clue words but must have been due 
to activation of the common associate. This spreading-
activation account is consistent with studies (see, e.g., 
Beeman et al., 1994; Spitzer, Braun, Maier, Hermle, & 
Maher, 1993) indicating that priming of weak, remote, or 
indirect associates reaches an asymptotic level well within 
the time window provided by the 1.5-sec lag in the pres-
ent experiments. The assumption that intuitive coherence 
judgments are based on the unconscious activation of the 
solution concept also fits with studies of the solution of 
insight problems. For instance, Shames (1994) found that 
solution words of unsolved triads produced faster RTs 
than did control words in a subsequent lexical decision 
task, suggesting that the solution concept, although not 
available to consciousness, had been activated during the 
coherence judgment task (cf. Yaniv & Meyer, 1987).

An alternative to the spreading-activation account of 
intuitive judgments can be derived from multiple-trace 
theories of memory (see, e.g., Hintzman, 1988). Accord-
ing to these theories, each clue word of a triad activates 
all memory traces in parallel, and the traces respond si-
multaneously by producing a single composite “echo.” 
The degree to which a trace is activated by a clue word is 
a function of the similarity between clue word and trace, 
which in turn is a function of the degree of feature over-
lap between the two items. The intensity of the composite 
echo is the sum of the activation levels of all traces and 

can be interpreted as a kind of familiarity signal. If one 
applies this theory to the coherence judgment task, the 
intuitive feeling of coherence could be based on the in-
tensity of the composite echo elicited by the clue words 
(Hintzman, 1988). Since clue words of coherent triads 
have greater feature overlap with the trace of the solution 
concept, the resulting echo should differ from that elicited 
by the clue words of incoherent triads. The intensity of 
the composite echo could thus serve as a “coherence sig-
nal.” Although our study was not intended to distinguish 
between these alternatives, both are consistent with our 
results in that they share our general assumption that the 
intuitive feeling of coherence is based on relatively auto-
matic memory processes.

An important question for future research concerns the 
neural systems underlying intuitive coherence judgments. 
There is preliminary evidence that the two cerebral hemi-
spheres may be specialized for the processing of differ-
ent forms of semantic representations. Notably, Beeman 
et al. (1994) found larger semantic priming effects for 
target words that were preceded by three weakly related 
primes when the targets were presented in the left vis-
ual hemifield, which presumably increased initial right-
 hemispheric processing (see also Abdullaev & Posner, 
1997; Chiarello & Richards, 1992; Kiefer, Weisbrod, Kern, 
Maier, & Spitzer, 1998). Likewise, Bowden and Beeman 
(1998) found that participants who had unsuccessfully 
tried to solve insight problems showed greater priming 
for solution-related information when this information 
was presented to the left visual field/right hemisphere. 
The authors suggested that right-hemispheric represen-
tations are characterized by coarse semantic coding and 
therefore are more likely than those in the left hemisphere 
to activate distant associates. Using functional magnetic 
resonance imaging (fMRI), Seger, Desmond, Glover, and 
Gabrieli (2000) found increased activation in left infe-
rior prefrontal cortex when participants generated typical 
verbs in response to nouns, whereas increased activation 
was observed in the right middle and superior frontal 
gyri when participants generated atypical verbs. The au-
thors concluded that the left hemisphere is biased toward 
processing close associates, whereas the right hemisphere 
may be involved in the activation of distant associates. In 
an event-related f MRI study using the coherence judg-
ment task (Ilg et al., 2003), we observed that coherence 
judgments in general are associated with activation in 
a widespread network including areas of the ventrola-
teral and anteromedial prefrontal, middle temporal, and 
superior parietal cortex. Interestingly, when we directly 
compared intuitive judgments with explicit judgments 
that were based on retrieval of the solution word, implicit 
judgments were specifically associated with increased 
activation in bilateral inferior parietal and right superior 
temporal association areas (see also Jung-Beeman et al., 
2004). Although these findings are still preliminary, they 
suggest that association areas in the right hemisphere may 
play a special role in intuitive coherence judgments.
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NOTES

1. Results from an additional block with a lag of 4 sec are not reported 
here, since the main purpose of this article is to show that above-chance 
coherence judgments can be made at very short lags, whereas the ability 
to make above-chance coherence judgments at longer (�2 sec) lags has 
repeatedly been shown in previous studies (Bolte et al., 2003; Bowers 
et al., 1990; Dorfman et al., 1996).

2. The two raters were the first author and a second rater, who was 
blind to whether or not triads were coherent and to whether or not par-
ticipants had judged a triad as coherent.

3. For some participants, no RT data were available in some cells 
of the design (for instance, when a participant at a particular lag had 
judged none of the incoherent triads to be coherent). For the reported 
ANOVA, these values were replaced by the mean RT across participants 
with valid data in the particular cell; the same procedure was used for 
the corresponding ANOVA in Experiment 2. When all cases with miss-
ing values were instead discarded, this did not substantially change the 
pattern of results.

4. In both experiments, average self-reported confidence of coherence 
ratings for unsolved triads was 2.6 on a 4-point scale and differed only 
minimally between item categories and conditions.
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