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Research on language comprehension suggests a strong relationship between working memory 
span measures and language comprehension. However, there is also evidence that this relationship 
weakens at higher levels of comprehension, such as the situation model level. The current study ex-
plored this relationship by comparing 10 grapheme–color synesthetes who have additional color 
experiences when they read words that begin with different letters and 48 normal controls on a 
number of tests of complex working memory capacity and processing at the situation model level. 
On all tests of working memory capacity, the synesthetes outperformed the controls. Importantly, 
there was no carryover benefit for the synesthetes for processing at the situation model level. This 
reinforces the idea that although some aspects of language comprehension are related to working 
memory span scores, this applies less directly to situation model levels. This suggests that theories 
of working memory must take into account this limitation, and the working memory processes that 
are involved in situation model construction and processing must be derived.

A great deal of research has been devoted to under-
standing how measures of working memory capac-
ity relate to other aspects of human cognition. The 
many positive correlations that have been reported 
have even led some theorists to suggest that working 
memory span scores are strongly related to the con-
struct of general intelligence (e.g., Conway, Kane, & 
Engle, 2003; Engle, Tuholski, Laughlin, & Conway, 
1999). Thus, the meaning of these scores is of broad 
interest. Of particular focus here is the relationship 
between working memory span scores and language 
comprehension, with a particular emphasis on the 
situation model level. More specifically, we explored 
the degree to which larger working memory spans in 

synesthetes translate into benefits in processing at the 
situation model level.
 Before going further, let us clarify the different 
levels of text representation, namely the surface 
form, textbase, and situation model levels (van Dijk 
& Kintsch, 1983). The surface form corresponds 
to the verbatim representation of a text to capture 
the exact words or syntax used. The textbase cor-
responds to the propositional idea units in a text 
apart from the specific wording. For example, a 
paraphrase is consistent with the textbase, even 
if it is not accurate at a verbatim level. Finally, the 
situation model ( Johnson-Laird, 1983; Zwaan & 
Radvansky, 1998) represents what the text refers to, 



rather than the text itself (as is the case in surface 
form and textbase representations).

Working Memory Span and Language Comprehension
Many studies have drawn a link between perfor-
mance on complex working memory span tasks and 
performance on various language comprehension 
tasks. This line of work began with Daneman and 
Carpenter’s (1980) seminal study that involved an 
exposition of the sentence span task. Essentially, in 
the sentence span task people are asked to read aloud 
a series of sentences, with increasing set sizes, and 
remember the last word from each one. Once the end 
of a sentence set is reached, a person is to recall these 
final words. Much of the work that has followed from 
this (e.g., Engle, Cantor, & Carullo, 1992; Friedman 
& Miyake, 2004) has largely followed the basic em-
phases of that study. In these sorts of studies, perfor-
mance on a complex working memory span task, such 
as the sentence span or operation span measures, is 
found to be correlated with performance on some in-
dex of language comprehension. The indices include 
such things as the verbal SAT, the ability to remem-
ber verbatim or propositional ideas from a text, or 
the ability to engage in other text-based processing, 
such as identify anaphoric referents when explicitly 
probed for them.

Working Memory Span and Situation  
Model Processing
Although working memory span scores can correlate 
with measures of language processing, often these 
measures of language processing involve processes 
at the surface form or textbase levels, such as mem-
ory for specific sentences in a text or the meaning 
of particular vocabulary words. In some sense, find-
ing a relationship between these measures is not all 
that surprising. Working memory span tasks often 
involve memory for single words and possibly the 
processing of single sentences. This is exactly the 
type of processing involved at the surface form and 
textbase levels.
 There have been fewer studies looking at working 
memory span and language processing at the situa-
tion model level. There is some suggestion that there 
is not such a strong correspondence between working 
memory span and situation model level processing. 
For example, one study by Radvansky and Copeland 

(2004b) failed to find a relationship between measures 
of working memory capacity, such as the reading span 
and operation span measures, and a number of situa-
tion model level processes, including sentence mem-
ory, causal structure, and inconsistency detection.
 Moreover, older adults, who typically have 
lower working memory span scores, often do not 
have processing difficulties at the situation model 
level (Radvansky & Dijkstra, 2007). Thus, work-
ing memory span scores may not be reliable indica-
tors of the effectiveness of more complex cognitive 
processes per se. That said, evidence suggests that 
there are some circumstances where declining work-
ing memory capacity with age can exert an influence. 
For example, Noh and Stine-Morrow (2009) found 
that older adults had more difficulty than younger 
adults in tracking multiple characters in a described 
event. Still, the more general finding is that the lower 
working memory span scores of older adults, relative 
to the younger adults, do not have a strong influence 
on situation model processing. Would the same hold 
true for people who are thought to be likely to score 
higher on working memory span tests, such as syn-
esthetes? Would they show a carryover benefit to the 
situation model level or not?

Memory and Synesthesia
If a person experiences synesthesia, in addition to 
standard sensory experiences they have inappropri-
ate and involuntary sensory experiences (see Gros-
senbacher & Lovelace, 2001; Hochel & Milán, 2008; 
Hubbard & Ramachandran, 2005; Rich & Mattingly, 
2002, for reviews). This synesthesia is caused by ei-
ther a lower ability to suppress inappropriate feed-
back loops in perceptual processing (Grossenbacher 
& Lovelace, 2001) or an incomplete pruning of extra 
cortical connections during development (Maurer, 
1997). Of particular concern here are cases in which 
a person reports experiencing colors (photisms) 
when reading words, what is called grapheme–color 
synesthesia. Previous research with grapheme–color 
synesthetes has shown that memory for materials that 
elicit the synesthetic experience (letters and words) is 
superior to that of controls, either through subjective 
reports or through experimental verification (Luria, 
1968; Mills, Innis, Westendorf, Owsianiecki, & Mc-
Donald, 2006; Smilek, Dixon, Cudahy, & Merikle, 
2002; Ward, 2008; Yaro & Ward, 2007).
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 Recently, we (Gibson, Radvansky, Johnson, & 
McNerney, 2012; Radvansky, Gibson, & McNerney, 
2011) have found that 10 synesthetes had superior 
long-term memory for word lists compared with 
controls. Moreover, Gibson et al. reported that the 
synesthetes had superior simple memory span perfor-
mance, although performance on complex working 
memory span measures (the ones that are correlated 
with measures of language processing) were not re-
ported. These findings of overall superior memory 
for word lists and simple span tasks is consistent 
with the expectation that synesthetes would have 
higher complex working memory spans than nor-
mal controls. More importantly, there was evidence 
that the synesthetes placed a greater emphasis on 
the words themselves than on other factors. Spe-
cifically, the synesthetes had smaller or absent von 
Restorff effects when a list singleton was identified 
by a unique color or semantic meaning and smaller 
Deese–Roediger–McDermott false memory effects. 
Thus, the synesthetes have superior memory for ver-
batim, item-specific information. However, it is not 
clear whether this benefit scales up and transfers to 
the situation model level.
 Note that there is not a universal cognitive benefit 
of having synesthesia, but rather any performance 
enhancement is limited to tasks that use materials that 
elicit the synesthetic experience. For example, as re-
ported by Gibson et al. (2012), our synesthetes did not 
differ from normal controls on a spatial position task. 
Also, although it has not been formally reported, our 
synesthetes also did not differ from normal controls 
on the Shah and Miyake (1996) spatial span measure 
or the Shepard and Metzler (1971) mental rotation 
task. So synesthesia provides no benefit to cognitive 
processes that do not involve the materials that elicit 
the synesthetic experience.
 On one hand, it is possible that the benefit syn-
esthetes experience at surface and textbase levels, as 
would be manifest by larger working memory spans, 
will not scale up to the situation model level. This 
would be consistent with other research showing that 
there is a weak relationship between working memory 
span scores and situation model level processes (Rad-
vansky & Copeland, 2004b).
 On the other hand, according to views that sug-
gest that complex working memory span scores are 
indicators of general cognitive performance, graph-

eme–color synesthetes should have not only higher 
complex working memory span scores but also su-
perior verbal processing, even at the situation model 
level. Although differences have not been observed 
from data collected from normal people who vary 
in their range of working memory span scores, nor 
in older adults who have lower working memory 
span scores, it is possible that the potentially larger 
working memory spans of synesthetes could benefit 
situation model processing. This is because the dif-
ferences between working memory span scores of 
normal and older adults could reflect differences 
in attentional control of thought and memory (e.g., 
Bunting, Conway, & Heitz, 2004; Radvansky & Co-
peland, 2006) in ways that do not map onto situation 
model processes.
 At this point there is no reason to think that syn-
esthesia provides any kind of change in attentional 
control. Therefore, any working memory score benefit 
found in synesthetes probably reflects other processes. 
A likely candidate is that the additional color infor-
mation provides a cue to aid in the reconstruction or 
retrieval of items on a working memory span test (Gib-
son et al., 2012; Radvansky et al., 2011). This memory 
cuing could potentially aid situation model processing 
in that, as a situation model is being constructed and 
manipulated, any previously read information stored 
at the surface form level could be drawn upon to aid in 
processing by correcting or augmenting the situation 
models that were being used.
 To distinguish between these possibilities, we 
analyzed data from synesthetes and controls on a 
number of complex working memory span tests, 
including the operation span, sentence span, and 
comprehension span measures. Also, we assessed 
the relationship between working memory span and 
performance on a number of situation model pro-
cessing tasks that involve the drawing and storing 
of inferential information particular to the described 
events, including event indexing, levels of represen-
tation, and sentence memory. Finally, we explored 
whether there are processing benefits for synesthetes 
on a number of additional situation model level tasks, 
specifically target causal processing, temporal updat-
ing, and spatial integration. Note that these tasks were 
not given sequentially but were administered across 
two multisession testing periods as part of a set of 
other tasks. Again, if the superior working memory 
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span performance of synesthetes is related to an abil-
ity to process language more effectively overall, then 
one would expect synesthetes to outperform normal 
controls on these measures. In comparison, if work-
ing memory span performance is not strongly tied to 
processing at the situation model level per se, then 
no difference would be expected.

TASK SET 1: WORKING MEMORY  
SPAN TESTS

The first set of tasks we address here are complex 
working memory span measures. These tasks are of 
interest because our synesthetes experience colors 
when looking at letters, and there is already some evi-
dence that short-term memory for letters and words 
(Gibson et al., 2012), as well long-term memory for 
verbal materials, is better in synesthetes (Radvansky 
et al., 2011). Therefore, it is expected that they would 
perform better than normal controls on standard 
measures of verbal complex working memory.

METHOD

Participants

SYNESTHETES.

Ten of the participants were synesthetes (eight fe-
male) who reported experiencing colors as they read 
different letters. These people were all students at 
Notre Dame, the same general population from which 
the control participants were drawn from. They were 
recruited through personal contacts, announcements 
in introductory psychology classes, campus postings, 
and word of mouth. All were compensated with $20 
payment for their assistance.
Three of the synesthetes (one male and two female) 
also reported experiencing colors when listening to 
people’s voices, and another reported experiencing 
taste sensations with some colors.  Also, one of the 
synesthetes appears to have acquired her letter–color 
photisms in line with the color of the refrigerator mag-
nets she had as a child, an origin that has also been 
reported elsewhere (Witthoft & Winawer, 2006). 
Another synesthete reported strong experiences of 
“male” and female” for the letters of the alphabet. 
This ordinal linguistic personification has also been 
reported in other synesthetes (Simner & Holenstein, 
2007; Simner & Hubbard, 2006; Smilek et al., 2007). 
All of the synesthetes reported what would correspond 
to associative synesthesia rather than projector synes-

thesia (Dixon, Smilek, & Merikle, 2004). In associative 
synesthesia, the synesthetic sensory experience occurs 
as being in the mind of the synesthete, whereas in pro-
jective synesthesia, the sensory experience occurs as if 
it were out in the world.
 All of the synesthetes were assessed using a com-
puterized mapping task. In this task, people were 
presented with letters, digits, and symbols on a 
computer screen. Each item was presented once in 
white on a black background and once in black on 
a white background in each of three blocks of trials. 
All items were randomly ordered within each block. 
The task was to select from a palette of 30 options the 
color that most closely corresponded to their synes-
thetic experience, if any. A textbox was provided to 
enter any comments the synesthetes had. This task 
obtained the experienced colors for each synesthete 
(needed for the colored word task).
 This task also verified the synesthetic experience. 
We assessed consistency both across two testing ses-
sions and within a given session. There were two 
measures of consistency. For the strict criterion the 
person needed to select the exact same option, but for 
the lenient criterion if a person selected two options 
within the same category (e.g., two shades of blue), 
they were scored as the same. We considered perfor-
mance on the letters because we were interested pri-
marily in verbal memory and comprehension. Perfor-
mance was consistent both within the sessions (strict: 
range = .74 to .97; M = .90; lenient: range = .90 to .99; 
M = .95) and across sessions (strict: range = .51 to .91; 
M = .72; lenient: range = .71 to .98; M = .88), which 
is similar to mean consistencies reported elsewhere 
(e.g., Hubbard & Ramachandran, 2005). Therefore, 
we are confident that our synesthetes’ experiences 
were genuine and reasonably stable.1

CONTROLS.

Forty-eight control participants were drawn from 
the research participant pool in the Department of 
Psychology at the University of Notre Dame. Thus, 
these control participants were from the same general 
population as the synesthetes. None of them reported 
having any synesthetic experiences.

Procedure
For the complex span tasks, three different tests were 
selected that included both retention and processing 
components. One complex span task was the Dane-
man and Carpenter (1980) reading span task. For this 
task people were presented with two to six sentences. 
When each sentence appeared on the screen, the 
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participant read it aloud. At the completion of the 
sentence, the experimenter pressed a button, which 
advanced the program to the next sentence. At the 
end of a set, the participant recalled the last word 
of each sentence in the order they were read. The 
experimenter typed the responses into the computer. 
People were aware that their memory for the final 
words would be tested.
 A second complex span task was the Turner and 
Engle (1989) operation span task. For this task people 
were presented with two to six math problem–word 
pairs. Each math problem involved two steps and 
was presented along with a solution. The task was 
to indicate whether the solution was correct. After 
the solution was evaluated, a word appeared. When 
each problem appeared, the person read it aloud and 
gave an evaluation. At the completion of the problem, 
the word was presented and read aloud. After this 
the experimenter pressed a button that advanced 
the program to the next item. When the end of a set 
was reached, the person recalled the words in the 
order they were read. The experimenter typed the 
responses into the computer.
 Finally, a third complex span task was the Waters 
and Caplan (1996) comprehension span task. For this 
task people were presented with two to six sentences. 
Their task was to indicate whether each sentence was 
meaningful. An example of a meaningful sentence is 
“It was the website that the accountant accessed,” 
whereas a nonmeaningful sentence would be “The 
boss laughed at the raise that asked for an employee.” 
The task was to indicate whether the sentence was 
meaningful by pressing one of two buttons on the 
computer mouse. The left button was marked with 
a “Y” for “Yes, this is sensible,” whereas the right 
button was marked with an “N” for “No, this is not 
sensible.” After the button was pressed, the computer 
advanced to the next sentence. When the end of a 
set was reached, the participant was to recall the last 
word of each sentence in the set in the order they 
were read. People typed their own responses into the 
computer, and only the current response was visible 
at one time.
 Note that although participants were adminis-
tered multiple tasks across several sessions, no one 
session lasted longer than 1 hour to keep fatigue influ-
ences low.

RESULTS AND DISCUSSION

Span tests were scored in two ways. One of these 
was the highest span level attained. For this scoring 

method, a person was given credit for achieving a 
span at a certain level if two or more sets were re-
called at that level, and if one set was recalled then 
only half credit was given. For example, if a person 
recalled four sets at span level 4 before stopping, 
then the person’s span score would be 4. However, 
if a person recalled only one set at span level 4, then 
the person’s span score would be 3.5. The other 
scoring method was devised by Turner and Engle 
(1989). With this method, whenever a person cor-
rectly recalls a set, the person is awarded the same 
number of points as the size of that set. Then, all the 
points are totaled. For example, if a person recalled 
three sets at level 2 and 1 set at level 3, that person’s 
span score would be 9 (i.e., 2 + 2 + 2 + 3). Statistics 
for these two measures are distinguished with the 
subscript S for the span level method and T for the 
total score method.
 The complex span test scores are reported in 
Table 1. There were significant effects of group on the 
sentence span, FS(1, 56) = 8.41, MSE = 1.1, p = .005, 
FT(1, 56) = 13.55, MSE = 218, p = .001; comprehen-
sion span, FS(1, 56) = 17.39, MSE = 1.3, p < .001, 
FT(1, 56) = 20.00, MSE = 180, p < .001; and opera-
tion span tests, FS(1, 56) = 6.49, MSE = 1.5, p = .01, 
FT(1, 56) = 5.43, MSE = 528, p = .02, with synesthetes 
substantially outperforming the control participants. 
Thus, it appears that the synesthetes were able to 
exploit their synesthetic experience to improve their 
ability to remember sets of words.

TABLE 1. Mean Scores (SE) on the Complex Span 
Tests for Both Highest Span Level and Total Correct

 Highest span level

 Synesthetes Controls

Sentence span 4.3 (0.4) 3.2 (0.1)

Comprehension span 5.6 (0.4) 4.0 (0.2)

Operation span 4.6 (0.4) 3.5 (0.2)

 Total correct

 Synesthetes Controls

Sentence span 42 (7.8) 23 (1.7)

Comprehension span 44 (4.9) 23 (1.9)

Operation span 49 (7.7) 30 (3.3)

WORKING MEMORY, SITUATION MODELS, AND SYNESTHESIA • 329



TASK SET 2: DIRECT COMPARISON

Having established clear and large differences be-
tween synesthetes and normal controls on verbal 
complex working memory span tasks, we can now 
assess whether this processing boost carries over to 
the situation model level. At the time the working 
memory measures were gathered, three tasks were 
given that allow us to assess processing at the situa-
tion model level. One of these involved having people 
read complex texts and then respond to recognition 
probes. The reading time data were submitted to 
event indexing regression analyses (Zwaan, Magliano, 
& Graesser, 1995) that allowed an assessment of the 
degree to which reading was influenced by text-based 
characteristics, such as number of syllables and word 
frequency, as well as situation model characteristics, 
such as shifts in space or time.
 The recognition probe data were submitted to 
a Schmalhofer and Glavanov (1986) analysis, which 
uses signal detection measures to derive indices of 
the surface form, textbase, and situation model lev-
els in memory. If synesthesia boosts memory at all 
levels of language comprehension, then synesthetes 
will outperform the normal controls on all three signal 
detection measures. However, if the benefits observed 
at the letter and word levels do not scale up to more 
complex levels of representation, then it is expected 
that the synesthetes will outperform the normal con-
trols at the surface form and textbase levels but not 
the situation model level.
 Another task was a sentence memory task that 
used memory for single sentences in which distractor 
sentences could be altered on a surface form level but 
not on the situation model level, or on both. For this 
task, people read a series of sentences, such as “Three 
turtles sat on a log and a fish swam beneath it.” To 
assess the impact of situation models on memory de-
cisions, people were given a recognition test based 
on a procedure originally developed by Bransford 
and Franks (1971) and expanded on by subsequent 
research (Garnham, 1981; Jahn, 2004; Radvansky, 
Gerard, Zacks, & Hasher, 1990).
 Of particular importance is whether the distractor 
items referred to the same situation as the original 
sentence. Half of these sentences had a confusable 
alternative version. For example, the original sentence 
“Three turtles sat on a log and a fish swam beneath it” 

can be readily confused with “Three turtles sat on a 
log and a fish swam beneath them” because they both 
describe the same situation. In contrast, the other half 
of the sentences had nonconfusable alternative ver-
sions. For example, the sentences “Three turtles sat 
next to a log and a fish swam beneath it” and “Three 
turtles sat next to a log and a fish swam beneath them” 
are less likely to be confused because they describe 
different events, even though the sentences have been 
changed in the same way as in the confusable version 
pairs. If people are using situation models to make 
their memory decisions, rather than a more verbatim 
or textbase representation, then error rates will be 
higher in the confusable than the nonconfusable con-
dition. This is because in the confusable condition, 
both sentence versions map onto the same event, and 
so the same situation model would be used.

METHOD

Participants
The same participants as reported in Task Set 1 were 
tested in these tasks.

Materials and Procedure

EVENT INDEXING ANALYSIS.

For the event indexing analysis and Schmalhofer 
and Glavanov analyses, people read 12 stories; an 
example is provided in the Appendix. These stories 
were drawn from previous studies, including Rad-
vansky, Zwaan, Curiel, and Copeland (2001), Radvan-
sky Copeland, and von Hippel (2010), and Narvaez, 
Radvansky, Lynchard, and Copeland (2011). These 
texts were 54 to 85 (M = 70.5) sentences long and 
contained numerous event shifts of different types 
that can be assessed by the event indexing reading 
time analysis. For this analysis, reading time data were 
regressed on a number of textbase and situation level 
variables. The textbase variables were factors that 
are known to influence reading time, including the 
number of syllables, word frequency, and serial posi-
tion, and all reflect aspects of the text rather than the 
described events. In comparison, the situation model 
measures reflect event indices that people are thought 
to track during reading. When there is a meaningful 
change along one of these dimensions, reading time 
increases, presumably reflecting the increasing cog-
nitive processing involved in updating the situation 
model of the described events.
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SCHMALHOFER AND GLAVANOV ANALYSIS.

To assess memory at different levels of representa-
tion, we gave participants a recognition test based 
on a procedure developed by Schmalhofer and Gla-
vanov (1986). This recognition test was composed 
of four types of probes: verbatim probes made of 
sentences that were actually in the text (e.g., “The 
plan was to dig a tunnel through the dividing wall”), 
paraphrase probes made of sentences that express 
the same propositional idea units that were in the 
text but are worded differently (e.g., “The idea was 
to dig a passage through the dividing wall”), infer-
ence probes made of sentences that express ideas that 
people are likely to have inferred during reading but 
that were never expressed directly (e.g., “The plot-
ters wanted to dig a tunnel under the court house”), 
and incorrect probes made of sentences that are 
thematically consistent with the text but are clearly 
incorrect (e.g., “The purpose of the tunnel was for 
transporting explosives”).
 During reading, the texts were presented one 
sentence at a time on a computer, and participants 
advanced to the next sentence by pressing the space-
bar. Reading times were recorded. After all the stories 
were read, people were given a recognition test.

SENTENCE MEMORY TASK.

For the sentence memory task, people first read a 
series of 30 sentences derived from materials report-
ed in other studies (i.e., Bransford & Franks, 1971; 
Garnham, 1981; Jahn, 2004; Radvansky et al., 1990). 
As described earlier, half of these sentences had a con-
fusable alternative version and half had nonconfusable 
alternative versions. These sentences were presented 
one at a time on a computer screen. People rated each 
sentence for pleasantness as an orienting task.
 After reading all the original sentences, people 
were given a recognition test. For this test, all four 
sentence versions were presented in a pseudoran-
domized list. The only constraint was that two ver-
sions of the same sentence could not follow one an-
other. As each item was presented, people needed to 

indicate whether it was the sentence that had been 
read earlier, and they were warned that some of the 
altered sentences may differ only slightly from the 
original version. People responded by pressing one 
of two buttons on the computer mouse. They pressed 
the left button, marked with a “Y” for “Yes, I did read 
this sentence before,” or the right button marked with 
an “N” for “No, I did not read this sentence before.” 
Accuracy was the primary dependent measure in the 
confusable and nonconfusable conditions.

RESULTS AND DISCUSSION

Event Indexing Analysis
For the reading time data, we applied the event in-
dexing analysis (Zwaan et al., 1995). In this analysis, 
based on a procedure developed by Lorch and My-
ers (1990), the reading time data were submitted to 
a regression model that takes into account both text-
based factors, including serial position, number of 
syllables, and word frequency, and situation model 
factors, including breaks in space, time, causality, in-
tentionality, and entities.
 The reading time data for each person were 
submitted to regression analyses with the text and 
situation model factors. The mean beta weights are 
reported in Table 2. For the text variables (number 
of syllables, serial position, and word frequency), the 
reading times of both the synesthetes and control 
participants were significantly affected. Moreover, 
there was a significant difference between the two 
groups in that the synesthetes were more affected by 
the number of syllables, F(1, 56) = 3.89, MSE = .011, 
p = .05. However, there were no significant differ-
ences between these two groups on the other two 
variables, both ps > .50. For the situation model fac-
tors, the results were nearly identical for the control 
participants and synesthetes, and none of these differ-
ences were significant, all ps > .30. Thus, in general, 

TABLE 2. Performance on the Event Indexing Regression Analysis in Standardized Beta Weights

 Syllables Serial position Frequency Space Time Causality Intentionality Entity

Synesthetes .58* –.07* –.05* .02* .00 .05* .03* .04*

Controls .51* –.07* –.05* .03* .02 .05* .03* .02*

*Significantly different from 0, p < .05.
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although they have superior working memory span 
scores, there was no indication that the processing of 
event breaks in the described situation was affected 
by synesthesia. Although synesthesia can influence 
processing at the surface form and textbase levels, 
consistent with performance on the verbal working 
memory span measures, it did not influence process-
ing at the situation model level.

Schmalhofer and Glavanov Analysis
For the recognition test, using the four probe types, 
signal detection analyses were done to gain strength es-
timates on three levels of representation. The simplest 
level is the surface form, which is a mental representa-
tion of the actual information that was presented. A 
measure of surface form is gained by treating “yes” re-
sponses to verbatim probes as hits and “yes” responses 
to paraphrases as false alarms. These probes both 
convey information that was actually read but differ 
in that only one was in the form that was encountered. 
The next level is the propositional textbase, which is a 
mental representation of the idea units that were read 
apart from the form they took. A measure of this is 
gained by treating “yes” responses to paraphrases as 
hits and “yes” responses to inferences as false alarms. 
Neither of these probes was actually read, and they 
differ only in that one contains idea units that were 
actually read, whereas the other does not. Finally, there 
is the level of the situation model, which serves as a 
mental simulation of a person’s understanding of the 
functional relations between entities in the world. This 
includes both information that was read and inferences 
that were generated. A measure of situation models is 
gained by treating “yes” responses to i nferences as hits 
and “yes” responses to incorrects as false alarms. Nei-
ther of these conveys ideas that were actually read, but 
they differ in that the inferences contain information 
that is consistent with the described situation, whereas 
the incorrects do not.
 For the recognition test, the A' signal detection 
data are presented in Table 3. Separate between-sub-
ject ANOVAs were done for each level of representa-
tion. There was some indication of superior memory 
for the synesthetes at the surface form level, consis-
tent with our other work, F(1, 56) = 3.56, MSE = .005, 
p = .06. However, there were no differences at the text-
base and situation model levels, both Fs < 1. Thus, 
although the synesthetes do have marginally better 

verbatim memory, they have no advantage or deficit 
at the more abstract levels of memory, including the 
textbase level. Like the reading time data, this is con-
sistent with the idea that synesthesia working memory 
span benefits do not carry over to other qualities of 
thought further removed from the word level.

Sentence Memory Task
The accuracy data for the sentence versions were 
submitted to a 2 (group) × 2 (condition: confus-
able vs. nonconfusable) mixed ANOVA. The main 
effect of group was significant, F(1, 56) = 3.97, 
MSE = .041, p = .05, with synesthetes being more 
accurate (M = .54) than the controls (M = .44). This 
is consistent with the general finding that synesthetes 
have superior overall surface form, verbatim memory 
compared with controls.
There was also a main effect of condition, F(1, 
56) = 35.41, MSE = .015, p < .001, with people being 
less accurate in the confusable condition (M = .40) 
than the nonconfusable condition (M = .58). Impor-
tantly, the interaction was not significant, F < 1, with a 
similar difference between the conditions for the syn-
esthetes (confusable = .44, nonconfusable = .64) and 
the controls (confusable = .36, nonconfusable = .52). 
Thus, both groups performed similarly in terms of 
the nature of the effect of confusability. The verbatim 
memory benefit synesthetes experience for individual 
words did not influence sentence memory in terms 
of the degree of involvement of situation models in 
memory decisions. Thus, this pattern of data is most 
consistent with the idea that synesthesia may benefit 
lower-level processing but that this benefit does not 
necessarily scale up to the situation model level.

Relations to Working Memory Span Scores
Although the synesthetes have higher working mem-
ory span scores, and there was no difference between 

TABLE 3. A' Scores (SE) for the Different Levels  
of Representation for Memory for Information 
 Presented in Stories
   Situation 
 Surface form Textbase model

Synesthetes .70 (.02) .76 (.02) .71 (.02)

Controls .65 (.01) .75 (.01) .70 (.01)
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synesthetes and controls on the situation model mea-
sures, to further explore the relation between working 
memory capacity and situation model processing we 
calculated correlations between each of our complex 
span measures and the various task measures.
 For the reading time data, for the sentence span 
task, there were significant correlations with num-
ber of syllables, r = –.29, p = .03, and word frequency, 
r = .30, p = .02. For the comprehension span task, 
there was a significant correlation with word fre-
quency, r = .27, p = .04. For the operation span, there 
were no significant correlations. Thus, as found in 
previous research, there is a correspondence between 
working memory span scores and some aspects of 
language comprehension. However, this correspon-
dence was confined to the influence of the number 
of syllables and word frequency. There were no sig-
nificant correlations with serial position (all ps ≥ .15), 
which some researchers have suggested reflects some 
situation model level processes (e.g., Stine-Morrow, 
Loveless, & Soederberg, 1996). More importantly, 
there were no significant correlations with any of the 
situation model factors (all ps ≥ .17), consistent with 
the idea that working memory span scores do not 
strongly capture the mental processes operating at 
the situation model level.
 For the recognition test data, there were signifi-
cant correlations of comprehension span, r = .32, 
p = .02, and operation span scores, r = .26, p = .05, 
and a marginally significant correlation with the sen-
tence span score, r = .24, p = .07. This is consistent 
with the idea that working memory span tests tap 
into word level processing, which is not surprising 
because they often involve people remembering in-
dividual words outside of context. There were no 
significant correlations of any of the working memory 
span measures and scores at the textbase level (all 
ps ≥ .12) or the situation model level (all ps > ≥ .10). 
This pattern of data parallels that reported by Rad-
vansky and Copeland (2004b).
 Finally, looking at the sentence memory task, for 
the comprehension span scores there were marginally 
significant correlations with rate of rejecting confus-
able foils when participants were originally given the 
nonconfusable sentence version, r = .23, p = .08, or 
vice versa, r = .25, p = .06. There were no significant 
correlations for the sentence span or operation span 
scores (all ps > .12). Again, the sparse correlation with 

performance on this measure is consistent with the 
idea that working memory span scores are not tap-
ping strongly into language comprehension processes 
much beyond the surface level.

TASK SET 3: INDIRECT COMPARISON

The previous task set involved a number of tasks 
that assessed processing at the situation model and 
other levels and were collected at the same time as the 
working memory span measures. In addition to these, 
at another period of time, we collected performance 
measures on a number of less general, more targeted 
situation model measures. The same synesthetes 
were tested, but, because of practical constraints (it 
was a different school year), different normal control 
participants were involved. So although we do not 
specifically have working memory span measures for 
those participants, as was made clear in Task Set 1 
the synesthetes have much larger working memory 
spans than would be expected in the normal popu-
lation. So the assumption that our synesthetes have 
larger working memory spans than this other group of 
normal controls is a near certainty. Given this, is there 
any evidence that the synesthetes could outperform 
the normal controls on these other situation model 
level measures?
 As people read and comprehend, the described 
events are often changing. For comprehension to be 
successful, people need to successfully update and 
track information in their situation models. This up-
dating can occur along any of a number of event di-
mensions (Zwaan et al., 1995). Therefore, we assessed 
whether synesthesia affects the updating along some 
of these. The focus of the measures in Task Set 3 is 
on situation model processing for causal, temporal, 
and spatial event dimensions.
 In terms of the causal dimension, when people 
encounter a causal break in a text, such as being told 
an effect with the cause, people then need to infer the 
missing causal information. This is an event bound-
ary, and it takes people some time to update their 
situation model as reflected by reading times (Singer, 
Halldorsorn, Lear, & Andrusiak, 1992). If the verbal 
working memory benefit associated with synesthesia 
carries over to processing at the situation model level, 
then it is expected that synesthetes would be more 
likely to draw such causal connections because they 
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would have more information available in working 
memory, allowing them to notice and draw the causal 
links. However, if greater verbal working memory 
spans do not capture this type of mental process, then 
there will be no difference between the synesthetes 
and controls.
 Related to the idea that causal connections are 
important for processing, we can also look at the 
influence of causal relations on other types of in-
formation. Here we focus on spatial relations. Spa-
tial relations that play some causal role are called 
functional (Radvansky & Copeland, 2001). Because 
of this additional causal element, when functional 
spatial relations are encountered in a text, they are 
read more quickly than nonfunctional spatial rela-
tions. Again, if verbal working memory span scores 
reflect an overall increase in language processing, 
then it is expected that synesthetes will outperform 
the controls, but if it does not then it is expected that 
there will be no difference.
 Other aspects of events that people need to track 
while reading are changes in time, such as a change 
from one time frame to another. To assess temporal 
updating we used a procedure developed by Zwaan 
(1996) in which, during the course of reading, a crit-
ical event occurred and then there was a temporal 
boundary marked by the phrase “a moment later,” 
which was essentially no boundary, or “a day later,” 
which is a substantial boundary in the context of 
these texts. After this, people were probed for the 
action the main character was doing before the event 
shift. These actions were all temporally limited and 
would have been completed long before the event 
boundary, such as drinking a cup of coffee. Again, if 
the increased verbal working memory capacity spills 
over into higher levels of processing, then it is ex-
pected that synesthetes would be more sensitive to 
such changes because they would be more likely to 
notice and process this information along with all the 
other information in the story. However, if there is no 
additional benefit outside the individual word level, 
then it is expected that there will be no difference 
between the synesthetes and the controls.
 To assess spatial processing at the situation model 
level, we looked at the integration of spatial layout 
information into a situation model. This task was 
patterned after a study by Mani and Johnson-Laird 
(1982), in which people were given a series of descrip-

tions of the spatial arrangement of four objects, pre-
sented one sentence at a time in either a continuous or 
discontinuous form. An example of one description 
in both forms is as follows:

Continuous

1. The hammer is in front of the screwdriver.
2. The screwdriver is to the left of the saw.
3. The saw is in front of the wrench.

Discontinuous

1. The hammer is in front of the screwdriver.
2. The saw is in front of the wrench.
3. The screwdriver is to the left of the saw.

After reading, people indicated which of eight test 
diagrams corresponded to that description. Perfor-
mance is better in the continuous condition because 
the second and third sentences always refer to entities 
that were mentioned before. However, in the discon-
tinuous version, people need to hold the first two 
sentences in mind and cannot integrate them until the 
third sentence. Performance is scored as the number 
of diagrams correctly identified.
 Moreover, in terms of the sentence reading times, 
the typical pattern is for reading times to decrease, 
particularly from Sentence 2 to 3, as people move 
through the descriptions, consistent with the idea 
that people are simply adding new information to an 
existing situation model. In comparison, for the dis-
continuous condition, there is an increase in reading 
times from Sentence 2 to 3. This is because this is the 
point at which people can integrate the information 
from the prior two sentences and the new informa-
tion in the third sentence. If verbal working memory 
scores reflect broad-based increased processing ef-
fectiveness, then it is expected that synesthetes will 
show a smaller difference between the continuous 
and discontinuous condition. This is because they 
would be better able to maintain their memory for the 
two sentences more precisely in the discontinuous 
condition, to allow them to integrate all the informa-
tion properly when the third sentence is encountered. 
However, if the greater working memory span found 
in our synesthetes does not extend beyond the in-
dividual word level, then no difference between the 
synesthetes and controls will be found.
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METHOD

Participants
The same synesthetes participated. However, be-
cause these tasks were done after we obtained the 
other results, a different set of 48 control participants 
was used from the same population. Again, these con-
trol participants were from the same population as 
the synesthetes. None of them reported having any 
synesthetic experiences

Materials and Procedure
For this task set, there were four tasks. Two of these 
tasks addressed the processing of causal informa-
tion: Singer et al.’s (1992) causal connection task and 
Radvansky and Copeland’s (2001) functional rela-
tions task. Finally, another task was aimed a tracking 
temporal updating and was modeled after work by 
Zwaan (1996).

CAUSAL CONNECTIONS.

For the causal updating task we used a version of a 
task developed by Singer et al. (1992). In this task 
people read 64 two-sentence descriptions. What was 
manipulated was whether there was a causal relation 
between the two. An example of a causally related 
pair is:

Dorothy poured the bucket of water on the bonfire.
The fire went out.

In this case, it is clear that the second sentence is 
causally related to the first. In this case, both the 
causal antecedent and consequent are directly pro-
vided. In comparison, the following is an example of 
a causally unrelated pair:

Dorothy placed the bucket of water by the bonfire.
The fire went out.

Here, people need to infer the causal antecedent, 
which is that the water was poured onto the fire. 
Thus, reading time for the second sentence should 
take longer in this case than when the two are di-
rectly causally related, and it is easier for people to 
integrate the information into a situation model. The 
absence of a direct causal relation in the text creates 
a causal break. For a given person, 12 of the passages 
conveyed a causal relation, 12 were noncausal, and 
40 were filler passages.
 After each two-sentence passage, people are given 
a probe question to assess the activation of causal in-
formation from semantic memory. For these examples, 
the probe would be “Does water extinguish fire?”

FUNCTIONAL RELATIONS.

For functional spatial relation task, we used a para-
digm developed by Radvansky and Copeland (2001) 
in which people read 16 passages that contained 
descriptions of spatial relations, along with two 
practice texts. For half the texts, these spatial rela-
tions were functional. That is, the particular spatial 
relation allowed two objects to be related in some 
way. For example, if a person were standing under a 
bridge, this would keep the person dry from the rain. 
On the other half of the trials, the spatial relations 
were nonfunctional. That is, although two entities 
were in some spatial relation to one another, it was 
unlikely that they were interacting. For example, a 
person standing under a streetlamp would still get 
wet in the rain. We recorded reading times for the 
spatial sentences. After reading, people were given a 
four-alternative forced-choice recognition test. The 
spatial relation that was read earlier was presented 
along with three distractor sentences. The task was 
to select the sentence that was read earlier. Response 
times and accuracy on these trials were also recorded.

TEMPORAL SHIFTS.

To assess temporal updating, people read a series 
of 36 texts, based on a study by Zwaan (1996). Half 
of these texts contained critical temporal shift sen-
tences, and half were fillers. Embedded in the critical 
texts were sentences that described temporal shifts. 
On half of the critical trials it was a short period of 
time, such as “a moment later,” in which time is more 
continuous, whereas for the other half there was a 
long temporal shift, such as “a day later.” Reading 
times were recorded.
 Immediately after the critical sentences, a probe 
was presented that described the activity of the 
story protagonist just before the temporal shift. If 
there is a short time shift, then it is highly likely that 
the character would still be involved in that activity. 
However, after a long time shift, it is likely that the 
activity would have stopped. For example, if a person 
reads that “Chris started opening the mail. A moment 
later, Chris felt a headache,” it is highly likely that 
Chris is still opening the mail. However, if the second 
sentence were “A day later, Chris felt a headache,” it 
is unlikely that Chris will still be opening the mail. 
Therefore, responses to the probe should be faster 
and more accurate in the short temporal condition 
than the long temporal condition.

SPATIAL INTEGRATION.

People were given 20 descriptions of the spatial 
arrangement of four objects, following Mani and 
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Johnson-Laird (1982). These descriptions were pre-
sented on a computer, one sentence at a time. After 
reading each description, people were shown eight 
possible configurations of the objects and asked to 
select which figure corresponded to the description. 
This was done by selecting a radio button that cor-
responded to a particular diagram on the computer 
screen. Reading times were collected along with re-
sponse times and accuracy rates for the selection of 
the spatial arrangement alternatives.

RESULTS AND DISCUSSION

Causal Connections
The reading time data for the critical second sen-
tence, summarized in Table 4, were submitted to a 
2 (group) × 2 (condition: causal vs. related) mixed 
ANOVA. There was a main effect of group, F(1, 
56) = 6.49, MSE = 149,093, p = .01, with synesthetes 
reading the sentences more slowly than the con-
trols. There was also a main effect of condition, F(1, 
56) = 9.20, MSE = 19,189, p = .004, with people read-
ing faster for the causal condition than the related 
condition. This is the causal updating effect. The 
interaction was not significant, F < 1, suggesting no 
hint of a difference between the synesthetes and the 
controls in the ability to update causal information, 
despite the synesthetes’ better-than-normal working 
memory span scores.

 For the causal probe task, the response time 
and accuracy data (Table 5) were submitted to 2 
(group) × 2 (condition) mixed ANOVAs. For the re-
sponse times, the main effect of group was not signifi-
cant, F(1, 56) = 2.35, MSE = 670,470, p = .13, but the 
main effect of condition was marginally significant, 
F(1, 56) = 2.88, MSE = 158,682, p = .09, demonstrating 
the basic causal updating effect. The interaction was 
not significant, F < 1, again suggesting no difference 
between the synesthetes and controls in the updating 
of causal information. None of the effects were signifi-
cant in the accuracy analysis, all Fs < 1. Overall, again, 
no additional benefit is afforded to the synesthetes for 
the processing of this type of information.

Functional Relations
The reading time data, summarized in Table 4, were 
submitted to a 2 (group) × 2 (condition: functional 
vs. neutral) mixed ANOVA. There was a main effect 
of group, F(1, 56) = 7.35, MSE = 797,211, p = .009, 
with synesthetes reading more slowly than the con-
trols. There was also a main effect of condition, F(1, 
56) = 20.52, MSE = 152,486, p < .001, with people 
reading the functional versions faster than the non-
functional versions. This is the functionality effect. 
The interaction was not significant, F(1, 56) = 1.43, 
MSE = 152486, p = .23, suggesting that synesthetes 
and controls are similarly sensitive to this type of in-
formation despite the synesthetes’ better-than-normal 
working memory span scores.
 The recognition data are summarized in Table 
5. For the recognition response time data, there 
were no significant effects of group, F(1, 56) = 1.22, 
MSE = 821,100, p = .27; condition, F = 1.00; or the 
interaction, F(1, 56) = 2.17, MSE = 333,188, p = .15. 
Similarly, for the accuracy data, main effects were not 
significant, both Fs < 1, nor was the interaction, F(1, 
56) = 1.26, MSE = .019, p = .27. Overall, there were 
no benefits or costs of having synesthesia on these 
memory tasks.

Temporal Shifts
The reading time, probe response time, and error 
rate data were submitted to 2 (group) × 2 (condition: 
short vs. long) mixed ANOVAs. For the reading time 
data, summarized in Table 3, the main effect of group 
was not significant, F(1, 56) = 2.21, MSE = 265,068, 
p = .14. However, the main effect of condition was, 

TABLE 4. Mean (SE) Reading Times (ms) on the Event 
Updating Tasks

 Experimental Control

Causal

 Synesthetes 1,039 (103) 1,186 (143)

 Controls 807 (34) 886 (46)

Functional

 Synesthetes 1,983 (278) 2,533 (466)

 Controls 1,503 (66) 1,823 (87)

Time

 Synesthetes 1,692 (210) 1,456 (165)

 Controls 1,438 (63) 1,334 (44)

For the various tasks, the following were the condition  
assignments for the experimental condition: causal = causal;  
functional = functional; time = long; space = dissociated.
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F(1, 56) = 5.64, MSE = 85,297, p = .02, with people 
reading the critical sentences more slowly when there 
was a long temporal shift (M = 1,482 ms per sentence) 
than a short one (M = 1,355 ms per sentence). This 
is the temporal updating effect. The interaction was 
not significant, F < 1, suggesting that both groups up-
dated temporal information in a similar manner, again 
despite the synesthetes’ better-than-normal working 
memory span scores.
 For the probe response time data (shown in Ta-
ble 5), the main effect of group, F < 1; condition, F(1, 
56) = 1.02, MSE = 205,542, p = .32; or the interaction 
was not significant, F(1, 56) = 2.06, MSE = 205,542, 
p = .16. Similarly, for the accuracy data, the main 
effect of group, F < 1; condition, F(1, 56) = 1.05, 
MSE = .006, p = .31; or the interaction was not sig-
nificant, F(1, 56) = 1.61, MSE = .006, p = .21.

Spatial Integration
The reading time data, shown in Table 6, were sub-
mitted to a 2 (group) × 2 (condition: continuous 
vs. discontinuous) × 3 (sentence number) mixed 
ANOVA. There was a significant effect of group, 
F(1, 56) = 5.57, MSE = 22,007,363, p = .02, with the 
synesthetes reading more slowly (M = 6,554 ms per 

sentence) than the controls (M = 4,982 ms per sen-
tence). Although there was no main effect of condi-
tion, F < 1, there was a significant effect of sentence, 
F(2, 112) = 4.31, MSE = 2,820,193, p = .02, which was 
modified by a condition × sentence interaction, F(2, 
112) = 11.25, MSE = 2,007,443, p < .001. The data 
from the continuous condition showed a decrease 
in reading time from Sentence 2 to 3 because the in-
formation could be easily integrated into the situation 
model, whereas for the discontinuous condition there 
was an increase in reading time at the third sentence, 
which is where integration across the three sentence 
types would have occurred.
 In addition, there was a marginally significant 
interaction of group and condition, F(1, 56) = 3.62, 
MSE = 2,417,853, p = .06. The reading time data sug-
gest that the synesthetes were not processing the in-
formation similarly to the controls, especially in the 
discontinuous condition, which does not show as 
much evidence of reading time changes as a function 
of the amount of situation model integration that is 
needed. For the control participants, the main ef-
fect of condition was significant, F(1, 47) = 7.49, 
MSE = 1,959,080, p = .009. This effect was not sig-
nificant for the synesthetes, F < 1. This suggests that 

TABLE 5. Performance (SE) on the Event Updating Tasks

 Response time (ms) Accuracy

 Experimental Control Experimental Control

Causal

 Synesthetes 2,011 (237) 2,198 (320) .94 (.02) .94 (.02)

 Controls 1,724 (75) 1,869 (93) .95 (.01) .96 (.01)

Functional

 Synesthetes 2,582 (239) 2,933 (234) .82 (.09) .86 (.02)

 Controls 2,545 (116) 2,477 (103) .82 (.02) .80 (.02)

Time

 Synesthetes 1,462 (79) 1,734 (165) .93 (.03) .90 (.02)

 Controls 1,549 (87) 1,502 (80) .90 (.01) .91 (.01)

Integration

 Synesthetes 9,519 (1,595) 10,753 (781) .79 (.09) .77 (.08)

 Controls 7,230 (426) 8,527 (654) .61 (.05) .54 (.04)

For the various tasks, the following were the condition assignments for the experimental condition: causal = causal; functional =  
functional; time = long; space = dissociated; integration =  continuous.
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the synesthetes are not as sensitive to the developing 
event-level representation of the situation model on 
this task, perhaps because they may be more reliant 
on their verbatim and textbase representations.
 The recognition test response time and accuracy 
data are shown in Table 5. These data were submitted 
to 2 (group) × 2 (condition: continuous vs. discontin-
uous) mixed ANOVAs. Five control participants were 
excluded from the response time analyses because 
they had no correct responses for either or both of 
the conditions. For the response time data, the syn-
esthetes were slower than the controls, F(1, 51) = 5.27, 
MSE = 15,706,007, p = .03. Neither the main effect of 
condition, F(1, 51) = 2.27, MSE = 11,434,780, p = .14, 
nor the interaction was significant, F < 1.
 The lack of a significant main effect of condition 
is surprising. To explore this, although the interac-
tion was not significant, we reanalyzed the data for 
the control participants alone. This analysis did re-
veal a marginally significant effect of condition, F(1, 
42) = 3.65, MSE = 9,906,010, p = .06, with people 
responding more slowly in the discontinuous con-
dition that the continuous condition. Thus, ease of 
integration does appear to have some impact on later 
memory. The lack of a main effect of condition in 
the complete analysis appears to be a high degree 
of variability in the data from the synesthetes. When 
the synesthetes were considered separately, the ef-
fect of condition was not significant, F < 1. Overall, 
this suggests that this is an aspect of comprehension 
that is worthy of more in-depth study. Note that these 
interpretations should be taken with caution as we 
cannot draw any firm conclusions at this point.
 For the accuracy data, the synesthetes were 
more accurate than the controls, F(1, 56) = 4.34, 
MSE = .162, p = .04. Although the pattern of accuracy 
data suggests that there was a difference between the 
continuous and discontinuous conditions, neither the 

main effect of condition, F(1, 56) = 1.07, MSE = .024, 
p = .31, nor the interaction was significant, F < 1. As 
with the response time data, the absence of signifi-
cant main effect of condition again led us to wonder 
whether our manipulation was strong enough. When 
the data from the synesthetes were excluded, the con-
trol participants revealed a main effect of condition, 
F(1, 42) = 3.92, MSE = .026, p = .05, with people be-
ing less accurate in the discontinuous condition than 
the continuous condition. When the data from the 
synesthetes are considered alone, the effect was not 
significant, F < 1. Again, as with the response time 
data, the integration of information to update and 
form a situation model would be worthy of further 
study.
 So, at this point, as in Task Series 2, there is no 
evidence of a strong benefit for the synesthetes and 
our normal controls in the processing of informa-
tion at the situation model level. This is despite the 
fact that the synesthetes have been shown to have 
much larger than normal complex working memory 
span scores. This is further support for the idea that 
although grapheme–color synesthesia can boost per-
formance on some memory measures, such as our 
working memory span tests, there is not an overall 
verbal memory benefit. Moreover, these findings are 
consistent with the idea that higher performance on 
working memory span tests does not necessarily cap-
ture language performance abilities at the situation 
model level.

GENERAL DISCUSSION

The results of the study reported here further dem-
onstrate that although working memory span scores 
predict important aspects of human cognition, there 
are some limitations. One of these, consistent with 
other research (Radvansky & Copeland, 2004b) is 

TABLE 6. Reading Time (ms) Data (SE) for the Integration Task

 Continuous Discontinuous

 1 2 3 1 2 3

Synesthetes 6,762 (792) 7,100 (579) 5,218 (547) 6,897 (799) 6,381 (568) 6,968 (934)

Controls 5,670 (318) 5,748 (365) 4,207 (312) 5,267 (326) 4,178 (291) 4,825 (446)
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the ability of such scores to capture more complex 
types of thinking, such as language processing at the 
situation model level. In this study, we found that 
people with grapheme–color synesthesia have higher 
complex working memory span scores. Consistent 
with this benefit, our synesthetes outperformed our 
normal controls on measures that focus on lower lev-
els of language processing, such as the influence of 
word frequency on reading and memory for text at 
the surface form level.
 In addition to the expected benefit of synesthesia 
on working memory span scores, we also explored 
the idea that these scores may be magnified in syn-
esthetes by increasing the availability of color cues 
that can be used to aid retrieval or reconstruction. If 
so, it might be possible to use such a process to aug-
ment situation model processing. However, despite 
the large advantage on working memory span tests, 
there was no evidence that this benefit carried over to 
the level of language processing. In most of the tasks 
used here, although there was evidence of an influence 
of synesthesia on processing at the surface form level, 
there was no influence on the situation model level. 
The one exception to this general pattern was the spa-
tial integration task, which suggested that synesthesia 
may have a small but negative effect on the amount of 
processing done at the situation model level.
 This is consistent with the idea that working 
memory span tests place a heavy emphasis on mem-
ory for verbatim information. In comparison, situation 
models are referential representations of the described 
events. Although this is the ultimate goal of the lan-
guage processing that occurs early on, other sources of 
information come into play in their construction and 
processing, such as information derived from long-
term memories, such as schemas and scripts. There-
fore, there is not a strong dependency on the verbatim 
information per se. Therefore, although some aspects 
of situation model processing involve cognitive pro-
cesses measured by working memory span tests, other 
aspects involved different kinds of mental representa-
tions and different cognitive processes. This reduces 
or eliminates any strong correspondence between 
working memory span scores and effects observed at 
the situation model level.
 An unexpected result of these studies was the near 
universal longer overall reading times for the synes-
thetes, across a range of tasks. In normal reading, 

people draw on the abstract textbase and situation 
model levels to facilitate comprehension. However, if 
a person were focused more on the word level, as ap-
pears to be the case with our synesthetes, then these 
other levels may exert a smaller influence and would 
not facilitate the speed of processing during reading 
to as great a degree as with normal controls. That is, 
our normal controls may have a greater dependency 
on their situation models during reading that would 
actually speed their processing. In comparison, the 
synesthetes may have been slowed because of more 
intensive processing at lower level of processing, such 
as with the specifics of individual words. This is an 
interesting avenue for further research.
 Overall, although there are substantial ben-
efits of synesthesia to memory, especially in terms 
of standard working memory measures for verbal 
materials, there is no overall boost in performance 
beyond the level of the individual words. In some 
sense this finding parallels the work on aging and 
language comprehension and memory in that older 
adults typically score lower on working memory span 
measures but do not show processing deficits at the 
situation model level (Radvansky & Dijkstra, 2007). 
Although there has been some research suggesting 
that working memory capacity is related to higher-
level cognitive functioning (e.g., Engle, Cantor, & 
Carullo, 1992; Engle, Tuholski, Laughlin, & Con-
way, 1999; Unsworth & Engle, 2007), there is also 
some evidence to the contrary (e.g., Radvansky & 
Copeland, 2001, 2004a, 2004b), including evidence 
that the lower working memory capacities of older 
adults do not translate to similar deficiencies at the 
situation model level (Radvansky & Dijkstra, 2007). 
The current study differs from the previous research 
in that the augmented working memory span scores 
for the synesthetes probably reflect processing dif-
ferences unrelated to the variation in such scores in 
normal young adults or in the processing changes 
that accompany normal aging.
 The memory and processing benefits from syn-
esthesia that are present do not scale up to more 
complex forms of processing, and traditional work-
ing memory span scores are not reliable indicators of 
event-level processes, at least not directly. It is certain-
ly the case that the situation model level of language 
processing depends on successful processing at the 
surface form level. Thus, if there are serious problems 
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at the surface form level, which working memory span 
scores seem to reflect, then processing at the situ-
ation model level is going to decline. For example, 
if a story provides a description of two characters, 
Mary and Elizabeth, it will be necessary to maintain 
the names of these characters in working memory, to 
help keep track of who is who. If working memory 
span is reduced, then performance will suffer at the 
situation model level because the comprehender will 
have difficulty properly assigning new information to 
one character or the other.

Conclusions
Across a range of memory and comprehension tasks 
we compared the performance of 10 synesthetes with 
that of normal controls. The data were largely consis-
tent with the idea that working memory span scores 
do not predict higher-level processes well, even when 
that working memory span performance is augment-
ed by the additional memory cues provided by syn-
esthetic photisms. The influence of grapheme–color 
synesthesia on cognition was evidenced as superior 
performance for synesthetes for the materials that 
elicited the synesthetic experience and that could 
be improved by word level of processing. There was 
no evidence of better processing on the part of the 
synesthetes at the situation model level. Overall, ei-
ther no difference was observed between these two 
groups, or the synesthetes had effects that actually 
showed some processing costs. Thus, for grapheme–
color synesthetes, such as those studied here, there 
are clear memory benefits at the word level, but this 
benefit does not carry over and influence processing 
at the situation model level. So although it is clear that 
working memory span scores do tell us some impor-
tant things about language processing and memory, 
there are aspects of comprehension and memory that 
are not well indexed by such measures.

APPENDIX

Sample text used in the analysis of narrative reading times, 
which served as the basis for the Schmalhofer–Glavanov 
analysis of memory at the different levels of representation. 
An example probe item, in all four versions, is provided after 
the text.
 “One of the great espionage problems is the search for a 
reliable way of determining a person’s identity. This is par-
ticularly important for agents working abroad. These agents 
were often forced to make contacts using only sketchy infor-

mation. Several disasters abroad were caused by poor iden-
tification. For example, four years ago, several undercover 
agents died when they thought that the people they were 
meeting were their contacts, when in fact they were agents 
working for the other side. Lead agent, Linda Gill, was shot 
first. She died within minutes, exposing the mission. Before 
the rest of the group could react to the obvious danger, two 
more agents, Max Eagle and James Romney, took a bul-
let and went down like stones. This prompted the CIA in 
Washington to create a Board of Identification. This was at 
the end of Nicolas Elder’s term as Agency Head. The Board 
was empowered to award twenty-thousand dollars to the 
first person who developed a method of determining iden-
tity accurately ninety-nine percent of the time for a wide 
variety of people. There had been a number of attempts to 
solve this problem. One early idea was to have fingerprints 
taken at predetermined meeting sites. These sites would 
be strategically located across the world. A match could be 
made between a fingerprint and a stored file. The similarity 
between the two could be used to determine identity. Later, 
some engineers approached the identity challenge. They 
considered a retinal scan method. One year, Les Busby dis-
covered that each retina had a different pattern that varied 
from person to person. Busby reasoned that this could be 
used as an identification method. This idea was based on 
the variations in peoples’ retinas. These patterns would be 
distinctive no matter where a person was from. Busby even 
devised a special retinal scan helmet for people to wear. 
This method of determining identification captured the 
imagination of many the agency’s administrators. Among 
those administrators were Cassell, Haynes, Hartley, and 
Nelson. A final idea was to use the DNA-based computer 
imaging system. A DNA imaging system is a device of great 
accuracy that can be used in most everyday situations. Early 
chemical- and spectral-based DNA identification methods 
were too cumbersome to be used abroad due to environ-
mental changes. John Harrison was a self-taught computer 
game programmer. Early last year, Harrison invented and 
constructed four practical DNA identification systems. He 
completed his first system in April and submitted it to the 
Identification Board, but was turned down. The initial test 
of one of Harrison’s systems was made in June. This was 
done abroad at a diplomatic conference. This first test of 
a DNA-based system was a grand success. He then built 
three more instruments, each smaller and more accurate 
than its predecessor. In August, Harrison’s fourth system 
was tested on a trip to Egypt. It was found to be in error 
for only one person in a thousand. Although his systems 
all met the standards set up by the Board of Identification, 
he was not awarded any money until November, when he 
received five thousand dollars. A prominent member of 
the Board was Phil Marks. He was more impressed by the 
engineers. Marks thought that the programmer’s device 
was less reliable than the work of the “real” scientists. After 
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several months, Harrison was taken under the wing of Sena-
tor Morris. Harrison ultimately claimed his reward money 
the following year. The newer DNA image identification 
systems are, broadly speaking, small, light-weight devices. 
A DNA sampling tube is hidden in a purse, briefcase, or 
clothing. As such, it remains available wherever the agent 
travels. The recent identification systems may be accurate 
to within one in ten thousand people.

Verbatim: These sites would be strategically located 
across the world.

Paraphrase: These locations were to be strategically situ-
ated across the world.

Inference: Identification would not be done at one cen-
tral site.

Wrong: Agents did not operate in unfriendly countries.

NOTES

Address correspondence about this article to Gabriel A. 
Radvansky, Department of Psychology, 218-C Haggar Hall, 
University of Notre Dame, Notre Dame, IN 46556 (e-mail: 
Radvansky.1@nd.edu).

 1. Many of the remaining mismatches for the color map-
ping process were adjacent colors, such as red and brown or 
yellow and orange.
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