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  Pure alexia is an acquired reading disorder that leaves writing unaffected. Whether 
this disorder is caused by damage to a system specialized for processing of 
alphabetic material, or a more general deficit in visual perception, is highly debated. 
We have tested different theories of pure alexia, using methods based on the Theory 
of Visual Attention (TVA). We show that five patients with pure alexia have deficits 
in processing of both letters and digits, in both single and multiple displays. In 
particular, central visual processing speed as well as visual apprehension span is 
reduced for the two kinds of symbols in these patients. Our results support an 
interpretation of pure alexia as resulting from a general visual deficit affecting the 
patients’ visual speed and span. 
 
 
 

INTRODUCTION 
 

 Testing and modelling based on the Theory of Visual Attention (TVA; Bundesen, 1990) 
has been used to characterize deficits in visual attention following focal brain damage 
(Habekost and Rostrup, 2007) and in degenerative brain disorders (Finke et al., 2006). 
We have used TVA to characterize visual perception and recognition in a group of 
patients with pure alexia, and in this way test different hypotheses regarding the 
cognitive cause of this disorder.  
  Pure alexia (PA) is an acquired disorder of reading, in the absence of other language 
impairments. Indeed, even writing is preserved in these patients. Patients with PA are 
slow but accurate in reading words, and commonly show a pronounced effect of word 
length on single word reading: Reaction times increase linearly with the number of 
letters in a word, often with several hundred milliseconds per letter. A central question in 
the study of pure alexia is whether it reflects a reading specific impairment, or if it is due 
to a more general visual deficit. The main theories suggest either: (i) That PA is the 
result of damage to a cognitive system or cerebral area dedicated to processing of letters 
or word forms (e.g., Warrington and Shallice, 1980; Cohen et al., 2004), or: (ii) That PA 
is due to a general deficit in visual perception (e.g., Behrmann et al., 1998), often 
conceptualized as (iii) a primary deficit in simultaneous processing of multiple objects 
(Farah, 2004). These theories make different predictions regarding patients’ performance 
with alphabetic vs. non-alphabetic stimuli, and with visual displays of single vs. multiple 
stimuli, predictions that can be formally tested within the framework of TVA. 
  Mathematical modelling based on TVA enables performance on simple psychophysical 
tasks (single stimulus report, whole report, partial report) to be analyzed into different 
functional components. Two of these parameters are of special interest in the present 
investigation; the speed of visual processing C, and the visual apprehension span K. The 
K parameter represents the ability to perceive multiple items in parallel (the 
apprehension span). The C parameter reflects the efficiency of visual recognition, which 
may be tested for different stimulus types, and by using displays of either multiple or 
single items. We used two kinds of stimuli in our investigation, letters and digits, to 
investigate the possible stimulus specificity of pure alexia. 



  The alphabetical hypothesis of PA predicts that patients should show impaired 
processing (K and/or C) for letters only. The hypothesis of a general visual deficit 
predicts reduced K and C for both types of stimuli. If a primary deficit in simultaneous 
perception is at the core of pure alexia, reduced K for both letters and digits should be 
found, while single item processing of both stimulus types should be preserved. 
 
  

GENERAL METHOD 
 
  Five pure alexic patients and 10 normal controls were tested in two experiments: (i) 
single item report with letters and digits (in different conditions), and (ii) whole report 
with letters and digits (in different conditions). All patients had reading problems in the 
absence of aphasia or agraphia. Auditory letter and digit span was within normal limits 
for all patients, and no patient showed other neuropsychological deficits in a general 
assessment. Patients showed word length effects in single word reading ranging from 
146 msec to 271 msec per letter in a computerized reading test, indicating relatively mild 
pure alexia. Four patients had right sided visual field defects, and were tested in the left 
field only in the whole report experiment. One patient had intact visual fields and was 
tested in both fields in the whole report task. Each patient was compared to the control 
group using the method developed by Crawford and Garthwaite (2002). In addition, 
group comparisons were made using conventional statistics. See Starrfelt et al. (2009: 
2010) for further details about patients, experiments and analysis. 
  The patients had lesions of varying aetiology and size affecting the posterior left 
hemisphere. The only area of lesion overlap for all five patients was a small region at 
and around the peak voxels for the suggested visual word form area (VWFA) in the left 
fusiform gyrus. 
 
  

EXPERIMENT 1: SINGLE ITEM REPORT 
 
Method 
  This experiment was designed to measure visual processing speed, C for single letters 
or digits presented at the centre of the visual field. Testing of letters and digits was 
performed in separate blocks. Stimuli were [ABCDEFGHIJ] and [123456789]. All 
subjects received three sessions with two blocks (letters and digits), in an ABBAAB 
design (digits first). In each trial, a single white letter or digit was chosen randomly from 
the set of 10 stimuli and flashed on a black background at the centre of fixation. The 
stimulus was immediately followed by a white pattern mask, which remained on for 500 
ms. Stimuli and mask subtended 1 x 1.5 degrees of visual angle. Exposure durations 
were individually calibrated so that the performance of each participant could be fully 
characterized from floor to ceiling. Participants were instructed to report the identity of 
the letter or digit only if “fairly certain”. Reports were unspeeded, and thus results are 
based on accuracy rather than RT; which means that naming latencies does not affect 
scores. 
  The best-fitting TVA parameter values to the observed data of each participant were 
estimated by a maximum likelihood algorithm, and using this modelling procedure, the 
TVA parameters Ccentral and t0 were estimated (separately for letters and digits). (Results 
for t0 are not presented here.) 
 
 



Results 
  Visual processing speed, C, at fixation was significantly reduced for both letters and 
digits in all PA patients, compared to the control group. This was evident both in a group 
comparison of patient vs. controls, and when comparing each patient individually to the 
control group. Results for patients and controls can be seen in Table 1. 
 

Table 1. Results from Experiment 1: Processing speed (C) for single stimuli. 
 
Subject   TJ JT BA JH NN Control mean (SD)  
 
Single letter C  31 ** 27 ** 25 ** 22 ** 22** 117 (23) 
 
Single digit C  44 ** 47 ** 29 ** 79 * 42** 119 (16) 
            
*= p < .05; ** =  p < .01 (Crawford and Garthwaite’s (2002) test).  
 
 

 
EXPERIMENT 2: WHOLE REPORT 

 
Method 
  This experiment was designed to measure the patients’ ability to perceive multiple 
independent stimuli at the same time. This corresponds to the TVA parameter K, the 
visual apprehension span. Processing speed (C) was also measured. The stimuli (the 
same as in Experiment 1) were shown at five locations at the circumference of an 
imaginary circle with a radius of five degrees centred on fixation (thus the C measure in 
this experiment is termed Cperipheral). Fixation was central. Presentations were limited to 
the left side for the three patients with field defects. The patient with full visual fields 
and four controls matched to him in age also performed a version of this task with 
stimuli presented in the right visual field. In alternating test blocks either five letters or 
five digits were chosen from the stimulus sets, and presented on the screen for 30 - 200 
ms followed by either a blank screen or by five bright pattern masks presented for 500 
ms. The exposure durations were to brief for eye movements to be conducted between 
stimulus onset and offset. Stimulus selection was random without replacement, so that 
the same letter/digit would never appear twice in the same display. The instruction was 
to report, unspeeded, the items the subject was “fairly certain” of having seen. Blocks 
were presented in an ABBA design (letters first). 
  The data analysis was performed using the same TVA model fitting software as in 
Experiment 1. For each stimulus type two main parameters were estimated: visual 
apprehension span, K, and visual processing speed, Cperipheral (defined as the sum of the 
processing speeds at each of the five stimulus locations).  
 
Results 
  The visual apprehension span, K, was uniformly reduced for both letters and digits in 
all patients compared to controls (both in a group comparison, and when analyzed 
individually). Processing speed (Cperipheral) was significantly reduced for both letters and 
digits for the patient group as a whole, but this did not reach significance when 
comparing individual patients to the control group. One patient was tested in both visual 
fields, and his apprehension span was similarly reduced in both fields. Results are 
presented in Table 2. 



 
Table 2. Results from Experiment 2: TVA-parameters K and C for letters and digits. 

 
Left side presentation: 
Subject   TJ JT BA JH NN Control mean(SD)  
 
K- letters  2.6 ** 2.5 ** 2.0 ** 2.2 **  2.8** 4.5 (0.30)  
K-digits   3.0 ** 2.7 ** 2.1 ** 1.9 ** 2.7** 4.6 (0.30) 
 
Cperipheral letters 24 11 23 11 22 38 (15) 
Cperipheral digits 36 17 13 15 32 54 (25)  
           
 
Right side presentation: 
Subject   TJ Control mean (SD) (N=4)  
K-letters    2.8 ** 4.9 (0.1)  
K-digits    2.9 ** 4.8 (0.1)  
 
Cperipheral letters 33 60 (24)  
Cperipheral digits 45 146 (118)   
        
 
** = p < .01 (Crawford and Garthwaite’s (2002) test). 
 

 
DISCUSSION 

 
  We have used TVA-based assessment to test different hypotheses about the cognitive 
basis of pure alexia. In two experiments, we have shown that five patients with mild pure 
alexia show impairments in processing of single stimuli, and in parallel processing of 
multiple items simultaneously. These reductions in speed and span affected both letters 
and digits. While four patients were only tested in the left visual field, one patient 
without field defects could be tested in both fields. He showed similar impairments in 
both sides, which suggests that the observed pattern of performance is not due to effects 
of processing letters and digits in the non-dominant field. We have previously studied a 
patient with a mild form of hemianopic alexia with methods similar to the ones used in 
the current study (Habekost and Starrfelt, 2006). In this patient, who had a large lesion of 
the left occipital cortex sparing the VWFA (the only area of lesion overlap for our PA 
patients), we found normal processing speed and apprehension span for letters in the 
intact parts of the visual field. This suggests that the pattern of performance observed in 
our pure alexic patients is specific to this syndrome, rather than a general consequence of 
lesions in the posterior left hemisphere.  
  In sum, we find no evidence for a deficit specific to alphabetic material in our five pure 
alexic patients. Neither do we find support for the simultanagnosia hypothesis of pure 
alexia, as all patients were also impaired in the single stimulus condition. Based on our 
data, it seems most likely that pure alexia reflects a general visual deficit, possibly at a 
quite low level of processing. Such a deficit could explain the pattern of performance of 
our patients without suggesting multiple impairments. Of course, this conclusion is based 
on association of deficits, and it remains possible that all five patients suffer from the 
same co-occurring deficits. As there is quite large variation in the reading performance 
of patients with pure alexia, one might expect that speed and span could be affected 
differentially in different patients. On this background it is surprising that our five 



patients perform so similarly, and that none show any selective preservation either of 
digits compared to letters, or processing of single items compared to arrays. However, if 
such dissociations do exist in other patients, the methods we have described should be 
well suited to reveal them. 
  One previous study has used TVA-based testing to investigate pure alexia (also referred 
to as ventral simultanagnosia, Duncan et al., 2003). They found that reduced processing 
speed was the main deficit in their patient. They speculate that this impairment was 
complicated by an additional deficit in word recognition, making words susceptible to 
reductions in visual processing capacity. In contrast to this explanation, we suggest that a 
low level visual deficit affects processing of all visual material in patients with pure 
alexia, and that no (additional) deficit in a system dedicated to word processing is 
necessary to explain their performance. 
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