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Introduction 

 Recent focus on research into visual cultures (Heywood and Sandywell 2012, Elkins 2008) has 

highlighted the need to develop contemporary graphical competencies.  This research focused on what 

Fish (1990) describes as 'the visualizing instinct', an area of study that has become more pertinent 

given the increased impact of the visual on post-modern society (Mirzoeff 1999).  Graphicacy which 

is described as the ability to acquire and communicate meaning from visual forms (Seery et al. 2012) 

is seen as a requisite skill for all similar to numeracy and literacy.  Graphical education in Ireland aims 

to develop these visual skills however research by Delahunty et al. (2012a) has highlighted possible 

incongruity between the methods employed to solve applied graphical problems and the aims of 

graphical education.   

 This research highlighted worrying approaches taken by students in solving prescribed graphical 

problems.  Students were tasked with applying previously learned graphical knowledge, based on 

tangential circles, to an alternative applied problem. Visual protocol analysis was implemented in the 

study and analysis of results revealed that the approach observed tended to reflect a mathematical, 

sequential and even a formulaic approach.  These findings suggested a rehearsed rote strategy as 

opposed to a visuospatial understanding of the prescribed problem.  This becomes a significant issue 

when compared to the overall intent and philosophy of graphical education in Ireland, which aims to 

develop creative, visual approaches to solving abstract problems.   

 The paper sets out to explore the applicability of a research tool, supported by literature from the 

field of cognitive neuroscience, in order to provide a more extensive analysis of underlying graphical 

cognition as part of future work.  The purpose of this paper is to present a ‘proof of concept’ for 

implementing an investigative research tool typically utilized within cognitive neuroscience.   

 

 Research Tool 

 The method that is viewed as most applicable to educational research is the electroencephalogram 

(EEG) approach due to its non-invasive nature (Wilson and Fisher 1995, Neill 2006).  EEG captures 

evidence of electrical currents produced by the cerebral cortex through a number of different 

electrodes located on the scalp (Rowan and Tolunsky 2003, Ward 2010).  

Electroencephalography (EEG) is a medical tool used to serve a number of diagnostic functions, one 

of which is to detect epilepsy and other neurological disorders (Rowan and Tolunsky 2003).  As well 

as established applications in medicine, EEG technology is increasingly being applied to cognitive 
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studies such as the assessment of problem solving behavior and creative thinking (Molle et al. 1999).  

For the purpose of clarity, this analysis of literature will focus on two aspects of cognition within 

graphical education, spatial cognition and visualization.   

 

Spatial Cognition 

  There has been a significant amount of research conducted on cortical activation that occurs 

during spatial cognition, using EEG technology, and particularly during mental rotation (Gill et al. 

1998, Rescher and Rapplesberger 1999, Osaka 1984).  Many of the research studies which focus on 

spatial cognition in this area look for the reduction in power of alpha waves, activity between 8 and 13 

Hz, which generally indicates increased cognitive activity in a specific area (Nunez 1995).  Gill et al. 

(1998) conducted a study, using an eight channel (electrode placement) format, to determine the 

dominant areas of activity during a mental rotation task.  Their findings indicated a significant 

decrease in alpha activity in the right frontal lobe and left parietal region during the mental rotation 

process.  Osaka (1984)  conducted a larger study using EEG technology to examine neuronal function 

during arithmetic and visuospatial tasks.  This study involved placing electrodes according to the 

international 10-20 system, which is now standard practice in EEG research, for electrode placement 

(See figure 1).  Findings from this study indicated increased activity in frontal regions in left and right 

hemispheres for arithmetic and visuospatial tasks respectively (Osaka 1984).   

  

 

Figure 1: International 10-20 System for Electrode Placement 

 Previous EEG studies have generally established increased activity in the right parietal area of the 

cerebral cortex for visuospatial tasks and in particular mental rotations (Rescher and Rapplesberger 

1999, Roberts and Bell 2003).   

 

Visualization 

 Previous research has shown that the building of visual-mental images shares many of the same 

neural mechanisms underlying visual perception of the physical world (Humphreys and Bruce 1989, 

Kosslyn 1973).  A research study conducted by Marks and Isaac (1995) implemented EEG technology 

based on 10-20 system placement of electrodes (fig 1) to record neuronal activity while participants 

built visual mental images from verbal descriptions.  Their findings were based on analysis of activity 

from four quadrants of the cerebral cortex (left and right posterior and anterior sites) and highlighted 
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significant changes in alpha power at the left posterior site during visualization.  This aligns with 

research by Farah (1984) who also found increased activity in the left hemisphere during visualization 

tasks.   

   

Discussion 

 There is significant evidence available in the cognitive neuroscience literature (Molle et al. 1999, 

Nunez 1995, Rescher and Rapplesberger 1999)  to highlight the applicability of this particular 

research tool to analyze underlying cognitive processes.  There are multiple perspectives within the, 

neuropsychological literature, regarding functional localization in the brain, as many areas of neurons 

are involved in specific tasks such as the components of language comprehension.  Graphical 

cognition comprises of a wide variety of components which include among others; visualization and 

spatial reasoning (Delahunty et al. 2012b) .  Although it is not possible to specify an area of the 

cerebral cortex involved in all of graphical cognition certain aspects can be localized such as mentally 

rotating an object (Neill 2006).  Identifying these neuronal areas active during specific intellectual 

graphical tasks could form a robust database used to support the examination of possible 

misconceptions in graphical learning within an Irish context as part of future work.   
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