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troparietal sites, as demonstrated by temporal condition 3 
AP distribution interactions. Planned comparisons at 
these sites demonstrated that, whereas the N400 for short 
and moderate shifts did not differ, the N400 amplitude 
for long shifts was significantly lower than that for short 
or moderate shifts. These findings remained robust, even 
after equating earlier differences by using a poststimulus 
baseline and a prestimulus baseline.1 The same pattern of 
results was observed after equating responses (using only 
responses classified as implausible).2 (See Table 2.)

ERPs at the Anaphor
Early components (0–250 msec). Differences were 

observed, demonstrating a larger negativity for anaphors 
following short and moderate shifts than for those follow-
ing long shifts. (See Table 2 for statistical analyses.)

N400 (300–500 msec). At the anaphor, we observed a 
very different N400 amplitude pattern from that elicited 
by the time word. Using a prestimulus baseline, a larger 
negativity was evoked by the short and moderate shifts 
than by the long shifts. This effect was also largest at cen-

Table 1 
Overall ANOVAs Examining N400 Amplitude at the Time Word

Temporal Condition 3
Main Effect of AP Distribution

Column  Temporal Condition  Interaction  Effect of Condition at Each Site

Midline F(2,46) 5 14.44*** F(8,184) 5 8.61*** Fz~

Cz***: 1 , 2*, 1 , 3***, 2 , 3*

Pz***: 1 , 2*, 1 , 3***, 2 , 3***

Oz***: 1 , 2~, 1 , 3***, 2 , 3***

Medial F(2,46) 5 10.32** F(4,92) 5 7.37** FC1 and FC2**: 1 , 3**, 2 , 3~

C3 and C4***: 1 , 2~, 1 , 3***, 2 , 3**

CP1 and CP2***: 1 , 2*, 1 , 3***, 2 , 3**

Lateral F(2,46) 5 14.85*** F(6,138) 5 5.92** F3 and F4*: 1 , 3*

FC5 and FC6**: 1 , 3**, 2 , 3*

CP5 and CP6***: 1 , 2*, 1 , 3***, 2 , 3**

P3 and P4***: 1 , 2*, 1 , 3***, 2 , 3**

Peripheral F(2,46) 5 12.31*** F(8,184) 5 5.70** T3 and T4**: 1 , 3**, 2 , 3*

T5 and T6***: 1 , 3***, 2 , 3**

O1 and O2***: 1 , 2*, 1 , 3***, 2 , 3***

Note—1, short shift; 2, moderate shift; 3, long shift; all differences are expressed in mean amplitude (greater 
values indicate greater negativity).  ~p , .10.  *p , .05.  **p , .01.  ***p , .001.

Table 2 
Overall ANOVAs at the Anaphor Using a Prestimulus Baseline

Temporal Condition 3
Main Effect of AP Distribution

Column  Temporal Condition  Interaction  Effect of Condition at Each Site

Early Component Amplitude

Midline F(2,46) 5 4.87* F(8,184) 5 8.26*** Cz**: 1 . 3**, 2 . 3**

Pz***: 1 . 3***, 2 . 3***

Oz***: 1 . 3***, 2 . 3***

Medial F(2,46) 5 3.38* F(4,92) 5 10.04*** FC1 and FC2~

C3 and C4**: 1 . 3**, 2 . 3***

CP1 and CP2***: 1 . 3**, 2 . 3***

Lateral F(2,46) 5 3.61* F(6,138) 5 8.81** CP5 and CP6***: 1 . 3**, 2 . 3***

P3 and P4***: 1 . 3***, 2 . 3***

Peripheral F(2,46) 5 4.24* F(8,184) 5 7.12** T3 and T4*: 2 . 3*

T5 and T6***: 1 . 3***, 2 . 3**

O1 and O2***: 1 . 3***, 2 . 3***

N400 Amplitude

Midline F(2,46) 5 12.53*** F(8,184) 5 5.12** Cz**: 1 . 3**, 2 . 3**

Pz***: 1 . 3***, 2 . 3***

Oz***: 1 . 3***, 2 . 3***

Medial F(2,46) 5 10.47** F(4,92) 5 7.53** FC1 and FC2~

C3 and C4**: 1 . 3**, 2 . 3***

CP1 and CP2***: 1 . 3**, 2 . 3***

Lateral F(2,46) 5 9.91** F(6,138) 5 5.22** CP5 and CP6***: 1 . 3**, 2 . 3***

P3 and P4***: 1 . 3***, 2 . 3***

Peripheral F(2,46) 5 9.68*** F(8,184) 5 3.63* T3 and T4*: 2 . 3*

T5 and T6***: 1 . 3***, 2 . 3**

O1 and O2***: 1 . 3***, 2 . 3***

Note—1, short shift; 2, moderate shift; 3, long shift; all differences are expressed in mean amplitude 
(greater values indicate greater negativity).  ~p , .10.  *p , .05.  **p , .01.  ***p , .001.
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neural integration as well as to decreased accessibility of 
earlier information.
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Discussion

These findings demonstrate that readers use temporal 
information immediately—within 300 msec—in order to 
structure a developing mental model. At the time word, 
the largest N400 amplitude was evoked by long temporal 
shifts, followed by moderate shifts, and the smallest N400 
amplitude was evoked by short temporal shifts.3 However, 
immediately following the time word, the N400 was larger 
for repeated NP anaphors that referred to information pre-
ceding both short and moderate shifts than for repeated NP 
anaphors referring to information preceding long shifts.

Discourse scenarios with long temporal shifts were 
generally less plausible than those with short or moderate 
temporal shifts. Thus, the larger N400 for time words indi-
cating long temporal shifts than for those indicating short 
or moderate ones may have been driven by the incongruity 
between the time word and the expected duration of the 
event described, rather than by the cost of integrating the 
temporal shift per se. Therefore, of particular interest was 
the N400 evoked by moderate-shift time words, which 
was significantly larger than that for short ones; however, 
they were rated as equally plausible. This finding suggests 
that the absolute duration of the temporal shift can lead to 
an immediate cost in processing discourse and is consis-
tent with previous behavioral reports of increased reading 
times for clauses following time words indicating tem-
poral shifts, regardless of sentence plausibility (Zwaan, 
1996). We have extended these findings by demonstrating 
an immediate neural cost in integrating the temporal shift 
at the time word itself.

In contrast, the N400 observed for the repeated NP ana-
phor was larger following both short- and moderate-shift 
than it was following long-shift time words. We interpret 
this as reflecting increased difficulty in accessing the an-
tecedent, as a result of a semantic repeated-name penalty 
(cf. Sanders & Gernsbacher, 2004). Specifically, a long 
shift made it more appropriate to use a repeated NP ana-
phor to refer to the antecedent. With these results, we have 
extended previous findings of the repeated-name penalty 
to contexts in which attention is shifted using semantic, 
rather than syntactic, cues (Swaab et al., 2004). Most im-
portant, we have demonstrated that a long temporal shift 
immediately led to the creation of a new situation model, 
decreasing the accessibility of preceding information. As 
discussed above, note that the creation of this new situa-
tion model may have been driven by the semantic implau-
sibility of the time shift relative to the expected duration of 
its preceding event, rather than by the absolute duration of 
the time shift. This may explain why there was no decrease 
in the N400 amplitude between repeated NP anaphors fol-
lowing moderate and short temporal shifts: Readers may 
not have constructed a new model in the moderate-shift 
scenarios, given that the described events could plausibly 
occur within the noted time frame.4

In sum, the present study demonstrates that as a dis-
course model is built up during reading, we appear to 
“travel through time,” with the introduction of a temporal 
discontinuity leading to an immediate increased cost in 



756        Ditman, Holcomb, and Kuperberg

p . .10]. Using a prestimulus baseline (100 msec of activity preced-
ing after), there were temporal condition 3 AP distribution interactions 
[midline, F(8,184) 5 2.94, p , .05; medial, F(4,92) 5 2.73, p , .07; 
lateral, F(6,138) 5 3.92, p , .05; peripheral, F(8,184) 5 0.82, p . .10]. 
Importantly, no early differences were observed using the poststimulus 
or prestimulus baseline (all ps . .10).

2. N400 differences between the conditions were observed both at the 
time word (main effect of temporal condition, all Fs . 5.76, all ps , .01; 
temporal condition 3 AP distribution interaction, all Fs . 2.93, all ps # 
.05) and at the anaphor (main effect of temporal condition, all Fs . 6.65, 
all ps , .01; temporal condition 3 AP distribution interaction, all Fs . 
2.68, all ps , .06).

3. It is unlikely that ERPs were modulated by word frequency differ-
ences, since these would predict the smallest, rather than largest, N400 
amplitude for long-shift words.

4. Along with the plausibility of the moderate-shift scenarios, the use 
of the word after may have decreased the likelihood of shifting to a new 
situation model, since after may be interpreted as describing continu-
ous events (Zwaan, Madden, & Whitten, 2000). We thank Rolf Zwaan 
for this interpretation.
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Notes

1. Using a poststimulus baseline, there were main effects of temporal 
condition [midline, F(2,46) 5 4.59, p , .05; medial, F(2,46) 5 5.28, 
p , .01; lateral, F(2,46) 5 3.95, p , .05; peripheral, F(2,46) 5 2.31, 

Appendix 
Examples of Temporal Scenarios

  1. The maid polished the silverware. After one second/hour/year, the silverware sparkled brilliantly.
  2. Sue pet the cat. After one second/hour/year, the cat purred happily.
  3. The man proposed to the woman. After one second/hour/year, the woman accepted his proposal.
  4. The play depressed the spectator. After one second/hour/year, the spectator cried uncontrollably.
  5. The mother sang the lullaby. After one second/hour/year, the lullaby soothed the baby.
  6. The movie amused the man. After one second/hour/year, the man laughed loudly.
  7. The singers angered the crowd. After one second/hour/year, the crowd booed wildly.
  8. The programmer encrypted the software. After one second/hour/year, the software was secure from hacking.
  9. The professor discussed the exam. After one second/hour/year, the exam was distributed to the students.
10. Adam waxed the table. After one second/hour/year, the table glistened like new.
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