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The theory of visual attention (TVA; Bundesen, 1990; Bundesen, Habekost & 
Kyllingsbæk, 2005; Bundesen & Habekost, 2008) is a formal computational 
theory that provides a general theoretical framework for investigating and 
explaining both behavioural and neurophysiological attentional effects. TVA-
based assessment uses unspeeded, accuracy-based measures of attention 
unconfounded by motor components. This method has proven highly sensitive 
and allows for specific quantification of several attentional core functions such as 
the threshold of conscious perception, how fast visual information can be 
processed, and how much material can be stored in visual short term memory. In 
addition, testing also makes it possible to characterize the selectivity of the 
participants as well as characterizing how participants distribute their attention 
spatially. In the last decade the number of studies using TVA-based assessment 
has increased rapidly and the method has been used to investigate attention in 
healthy individuals over the adult life-span and in a broad range of 
neuropsychological and neurological conditions in both children and grown-ups.  
 

 
INTRODUCTION 

  Measuring specific attentional processes in a sensitive and reliable way is crucial in 
both clinical and research settings. Experimental paradigms based on Bundesen’s (1990) 
theory of visual attention have been shown to be highly efficient instruments for teasing 
apart and quantifying distinct components of visual attention. Since the first patient study 
by Duncan et al. in 1999, TVA-based assessment has been employed in multiple 
investigations of attention in patients groups and in healthy subjects alike. This 
presentation aims to outline the general methods used in TVA-based assessment and the 
attentional components that can be investigated using these methods. Finally, a selection 
of the numerous studies where TVA-based assessment has been applied is presented.  
 

EXPERIMENTAL PARADIGMS 

  TVA has been used to analyze a wide range of different attentional paradigms (see 
Bundesen, 1990; Bundesen & Habekost, 2008). However, the two paradigms of choice 
are the whole report paradigm in which all presented stimuli must be reported and the 
partial report paradigm in which only stimuli with a certain target feature should be 
reported while stimuli lacking this feature (distractors) should be ignored: in a colour-
based partial report paradigm displays with red and blue letters could be presented and 
the participants required to attend to red target letters and ignore blue distractor letters. 
Traditionally, the two experimental paradigms have been used separately, but recently a 
combination comprising both whole and partial report trials in one paradigm has been 
developed and employed in several studies (Gaden Jensen, Vangkilde, Hasselbalch, 
2010; Vangkilde, Coull, & Bundesen, 2009; Espeseth et al., 2010).  



  The exact procedure of a TVA-based test varies from study to study, but all follow the 
same basic design: An array of visual objects (usually 1-6 letters, though digits, faces, 
and coloured objects have also been used) is presented very briefly (i.e., below 200 ms to 
prevent eye movements) on a computer screen.  The stimulus display is terminated by 
pattern masks to control the exact duration of the display and effectively stop processing 
of the presented stimuli. Ideally, the exposure duration of the display is varied from 
durations close to the perception threshold to durations yielding near-ceiling 
performance in the participants. Subjects with low processing capacity might not reach 
full performance even at 200 ms and to accommodate this, unmasked displays can be 
used to prolong the effective exposure duration due to the visual afterimage of the 
display. Independently of the actual design of the paradigm, the experimental task for the 
participants is to make an unspeeded report of the identity of the presented target letters.  
 
 

ATTENTIONAL PARAMETERS 

  The number of correctly reported stimuli in each trial constitutes the main score in a 
TVA-based test. The performance of the participants across different whole report and 
partial report conditions can be modeled using a maximum likelihood fitting procedure 
(see Kyllingsbæk, 2006). By this procedure five parameters quantifying attentional 
functions can be estimated: (1) t0, the threshold of conscious perception (the minimum 
effective exposure duration) measured in seconds; (2) K, the capacity of visual short 
term memory (VSTM)measured in number of letters; (3) C, the speed of visual 
processing measured in letters processed per second; (4) α, the top-down controlled 
selectivity defined as the attentional weight of a distractor divided by the attentional 
weight of a target, where α values close to 0 indicate efficient selection of targets and 
values close to 1 indicate no prioritizing of targets as compared with distractors; and 
finally (5) windex, a laterality index for the spatial distribution of attentional weights, 
defined as the ratio between the sum of attentional weights assigned to objects in the left 
hemifield and the sum of attentional weights across the entire visual field. A windex of 0.5 
indicates spatially unbiased weighting of attention, values closer to 0 reflect a right-sided 
bias, whereas values approaching 1 reflect that more attentional resources are allocated 
to the left side of the visual field. 
  The relation between the first three parameters can be visualized by plotting the mean 
number of letters correctly reported at each of the six different stimulus durations used in 
a six-target whole report part of the TVA test. Figure 1 shows the observed performance 
of a single subject and the predicted performance following an exponential curve based 
on the parameter estimates obtained through the TVA-based fitting procedure. The 
subject does not report anything at the shortest stimulus duration of 10 ms, but the 
number of letters correctly reported rises steeply for the following durations and levels 
off at approximately 3.5 letters at the longer exposures. The point at which the curve 
rises from the abscissa represents the t0 value: at briefer exposures than t0 nothing can be 
reported. The slope of the curve at t0 represents the C value: the steeper the slope the 
more letters can be processed per second. Finally, the horizontal asymptote of the curve 
is the maximum number of items that can be retained in VSTM: the K value.  



Figure 1. Typical individual performance in a six-target whole report paradigm. Mean 
number of correct reports is shown as a function of stimulus duration. The solid line 
represents a TVA-based maximum likelihood fit to the observations. 

 
 

APPLICATIONS 

Selected TVA-based Patient Studies  
  TVA-based measures have already been used to investigate a number of different 
neuropsychological conditions. Most studies have involved patients with relatively 
circumscribed lesions in the brain, e.g. patients with attentional deficits after parietal and 
frontal lesions (e.g., Bublak et al., 2005; Habekost & Rostrup, 2007; Peers et al., 2005). 
The phenomena of visual neglect and extinction have received special attention and are 
well-described by TVA-based measures (Duncan et al., 1999; Rees et al., 2000; Matthias 
et al., 2010). Similarly, these methods have been used to shed light on the exact 
attentional deficits involved in simultanagnosia (Duncan et al., 2003) and alexia 
(Starrfelt, Habekost, & Gerlach, 2010; Starrfelt, Habekost, & Leff, 2009). Other studies 
have focused on attentional changes in neurodegenerative conditions such as 
Huntington’s disease (Finke et al., 2006; Finke et al., 2007) and Alzheimer’s disease 
(Bublak, Redel, & Finke, 2006; Bublak et al., in press; Redel et al., submitted).  
  The sensitivity of these assessment methods has been elegantly demonstrated in a study 
showing persistent subclinical attentional deficits unnoticed by conventional 
neuropsychological testing after right hemisphere lesions (Habekost & Rostrup, 2006). 
Furthermore, the specificity of the TVA-based measures have expanded the 
understanding of the attentional deficits in the abovementioned conditions, and the lesion 
studies in particular have contributed to our knowledge about the neuroanatomical 
substrates of visual attention.   
 
TVA-based Studies of Attention in Healthy Subjects  
  TVA-based paradigms have also been used to study attention in healthy subjects (e.g., 
Finke et al., 2005). In two large population studies several hundred participants were 



tested with TVA-based measures (Espeseth et al., 2010; Vangkilde, Kyllingsbæk, 
Habekost, Bundesen, Marklund, & Nilsson, 2009). The age of the subjects ranged from 
20 to 85 years yielding ideal conditions for studying changes in attention over the entire 
adult life-span.  
  Recently, the method has been used to investigate the effects of different pharma-
cological challenges in normal subjects (Finke et al., in press; Vangkilde, Coull, 
Bundesen, 2009), thus enabling a better understanding of the neurochemical basis of 
different attentional functions. Similarly, a combined whole and partial report paradigm 
was used to study differences in attentional effects of meditation as opposed to relaxation 
training in healthy young adults (Gaden-Jensen, Vangkilde, & Hasselbalch, 2010).   
 

 
FUTURE DIRECTIONS 

  Judging from the rapid increase in the number of studies using TVA-based 
experimental paradigms, the emerging field of TVA-based assessment could very well 
expand in coming years. At the time of writing, these methods are being introduced in 
studies linking attention and genetics, as well as in further characterisations of the 
neurochemistry of attention. Also, a dawning interest in the development of attentional 
functions in children has called for new tests of attention, and TVA-based assessment is 
currently being used to describe attention in both healthy children and different child and 
adolescent patient groups.   
  Finally, we are continuously optimizing the computational modelling procedures, 
allowing for more precise estimations and making fitting procedures accessible for 
everyone wishing to employ TVA-based assessment to quantify attention in patients and 
healthy participants. 
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