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1. Interrelations between vision, language comprehension, 
and other cognitive and perceptual processes during 
reading
• Eye movement research

2. Impact of format of tools on the reading comprehension
• Reading as a part of a central cognitive extension enabling the 

modern society and science

3. Multi-facetedness of reading 
• A cross-disciplinary collaboration between different research 

areas and fields in the research on reading
• Architecture of reading



1.
Interrelations between vision, 
language comprehension, spatial 
cognition, and other cognitive and 
perceptual processes during reading



What is reading?

“reading is the ability to extract visual
information from the page and comprehend 
the meaning of the text”

Rayner, K., Pollatsek, A., Ashby, J., & Clifton Jr, C. (2012).
Psychology of reading. 2nd Ed. 
New York: Psychology Press. p. 19

visual information language, text



Research on eye movements

http://www.open.ac.uk/about/campus/jennie-lee-research-labs/sites/www.open.ac.uk.about.campus.jennie-lee-research-labs/files/styles/medium/public/HCI%202%20Lab-
4.jpg?itok=YgwUgM4R

Since late 70ties 

Groundbreaking work 
in linking visual and 
linguistic processing



Eye 
movements: 
sensitive to
• the type of 

visual task 
and 

• type of 
reading



Eye movements as sensitive to different parts of sentence 

“On the basis of the overall result pattern, it was argued 
that eye movements are affected by cognitive processes 
occurring at the time of the fixations.” (my emphasis: JS)



Eye movements as developmentally
sensitive and informative 



Rayner, K., Pollatsek, A., Ashby, J., & Clifton Jr, C. (2012). Psychology of reading. 2nd Ed. 
New York: Psychology Press. p. 96

Eye movements as sensitive to the type of text



• In exploring a visual and oculomotor process, we 
are exploring reading…
• Reading as a mapping between visual and 

linguistic processes

visual information language, text



In cognitive science we are interested in elaborating

cognitive architectures 
of human perceptual and cognitive processes…

What is the cognitive architecture of 
reading? 

Before answering let me briefly give 
an overview of the involved processes



Visual processing, 
• horizontal scanning
• feature detectors

Visual word lexicon / 
Stored representations of 

words

Grapheme-to-phoneme 
conversion

Ellis & Young, 1988

semantics

Sub-lexical phonological 
recoding (without semantics)Stored lexical phonology



…the situation is even more 
complex



Auditory 
processes

visual 
and oculomotor 

processes

internal processes

General cognitive processing
• Background knowledge

• Memory
• Perception

• ...

Harley, T. A. (2014). The 
psychology of language: From 
data to theory. 4th Edition. 
London: Psychology press.



What is the cognitive architecture 
of reading? 

some sketches 



The role 
of the 
(central) 
cognitive 
system Harley, T. A. (2014). The 

psychology of language: From 
data to theory. 4th Edition. 
London: Psychology press.



Or: is reading an interactive process?



The role and impact of other cognitive processes on 
reading

• The central processing hypothesis: 
• The underlying cognitive processes are determining

• The script dependent hypothesis:
• Orthographic processing / orthographic transparency

• In fact, both approaches are complementary 

Geva, E., & Siegel, L. S. (2000). Orthographic and cognitive factors in the concurrent 
development of basic reading skills in two languages. Reading and Writing, 12(1-2), 1-
30.



• These ’architectures’ are neglecting that 
•perception
• attention
• memory
• tactile/haptic abilities
• visuo-spatial abilities 

contribute as well
but to a different extent

• However, there does not seem to be a straightforward link 
between cognitive abilities (e.g., intelligence tests) and reading 
comprehension

Cutting, L. E., & Scarborough, H. S. (2006). Prediction of reading comprehension: 
Relative contributions of word recognition, language proficiency, and other cognitive 
skills can depend on how comprehension is measured. Scientific studies of 
reading, 10(3), 277-299.



This corresponds to the idea (popular in cognitive science…) that 
reading ability is a result of 

Perfetti, C. A. (1986). 
Cognitive and linguistic 
components of reading ability. 
In Acquisition of Reading 
Skills (1986) (pp. 11-40). 
Routledge.

Cognitive foundations 
framework (2019)

a modality free general 
language comprehension 
factor 
(i.e., general language comprehension) 

and a name retrieval factor 
simple symbol activation from 

visual input
(when symbol is retrieved from memory as a 

response to visual input).



Reading comprehension

Language comprehension Word recognition

Back-
ground 

knowledge

Linguistic 
knowledge

Phono-
logic k.

Syn-
tactic 

k.

Se-
man-
tic k.

Alphabetic coding skill

Con-
cepts
about 
print 

Knowledge about 
alphabetic principle

Letter 
knowledge 

Phonemic 
awareness

1. Word / sentence length
2. Word / sentence frequency 
3. Morphology

Comprehension 
requires grammar and semantics to be 
interrelated with the relevant situation 
model (Kintsch & Rawson, 2005)



To sum up so far:

• Reading as an interaction between 
• Visual, linguistic processing and background 

knowledge
• But attentional, sensorimotor, perceptual processes 

are involved as well
• Cognitive architecture of reading and the impact of 

cognitive and perceptual factors – not entirely clear 
yet



2. 
Impact of format of tools on the 
reading comprehension



• We are adjusting our perception to the format 
and 

• We are adjusting the format to our perception

Risko, E. F., & Gilbert, S. J. (2016). 
Cognitive offloading. Trends in cognitive 
sciences, 20(9), 676-688.



Format matters …
• Format (screen) does have impact 

• (cp. work by prof. Mangen)
• Digital reading:
• Switching between applications
• Multitasking
• Hyperlinks 
• Instead of horizontal scanning in analogue reading 



adaptive process
• “Cognitive chameleons”

• we are good in adapting to new formats and 
this might have consequences –

• a more superficial way of reading, memorizing, and 
recalling 

• E.g.,  Speed over accuracy…  shallow processing... 
Recall limits

Risko, E. F., & Gilbert, S. J. (2016). Cognitive offloading. Trends in cognitive 
sciences, 20(9), 676-688.



We are still in the same paradigm that 
was established when the typographic 
culture was established.

• reading is a part of a central cognitive extension enabling 
the modern society and science
• We are cognitive hybrids 

• Combining external and internal resources

•History of modern human mind is a 
history of cognitive hybridization / 
complementarization



Merlin Donald: Modern culture as an continuous 
interaction between exograms and engrams

w
w

w
.sw

ed
ish

co
lle

gi
um

.se

Biological brain
Mind

Memory
Shared memory

Cultural memory…

engrams

Why is our culture, technology, 
and society so powerful?

External representations
Tools

…
Books

exograms

environment

Other humans and 
groups of humans

A hybrid cognitive 
system

Cp. also http://www.grahamwideman.com/gw/xm/concmod/humanrelknow.htm

1991



Risko, E. F., & Gilbert, S. J. (2016). 
Cognitive offloading. Trends in cognitive 
sciences, 20(9), 676-688.

Zhang, J., & Norman, D. A. (1994). 
Representations in distributed cognitive 
tasks. Cognitive science, 18(1), 87-122.

Complementing internal resources with external tools
has benefits and supports 
our perception, memory, 
math, … and has critically 
contributed to the 
development of abstract 
knowledge



Offloading of internal memory onto external [digital] 
tools is crucial in the 21st century 

• One of the most automatic and natural routines
• Shared knowledge and shared memory

• Nothing extraordinary new….

but
• it also leaves memory and knowledge vulnerable to 

manipulation

Risko, E. F., Kelly, M. O., Patel, P., & Gaspar, C. (2019). Offloading memory leaves us 
vulnerable to memory manipulation. Cognition, 191, 103954.



• But once the external media are rapid and fragile in terms 
of changes made by others…

• …internal memories are increasingly fragile and exposed to 
manipulation

• In fact, the frequent users do not necessarily notice 
manipulations and encode the manipulated content back into 
the biological memory (generating false memory)

• Source information as inherently uncertain and sometimes obscure 

• This is rarely the case with the printed media and hand-
written media

Risko, E. F., Kelly, M. O., Patel, P., & Gaspar, C. (2019). Offloading memory leaves us 
vulnerable to memory manipulation. Cognition, 191, 103954.
Marsh, E. J., & Rajaram, S. (2019). The digital expansion of the mind: Implications of 
internet usage for memory and cognition. Journal of Applied Research in Memory and 
Cognition.



• Repeated content (seems to be truer, easier to 
process) impacts the spread of manipulated 
messages

• Although initial accuracy seems to prevent it…
• Illusory truth effect – repeated messages in campaigns, 

political propaganda

Brashier, N. M., Eliseev, E. D., & Marsh, E. J. (2020). An initial accuracy focus 
prevents illusory truth. Cognition, 194, 104054.



To sum up so far:
• Humans as hybrids are powerful 

• and ability to map internal and external contents is a cause of 
modern science and society

• Fast-changing digital media are making humans 
• Less focused

• Not able to select the content
• vulnerable to manipulated facts and less accurate content in 

general 
• Changes in the social function of digital social networks

• Support-feedback-cycle instead of information transmission
• False collective memories

• Tool in strategical communication 



3.
Multi-facetedness of reading; 
A cross-disciplinary collaboration 
between different research areas and 
fields in the research on reading



What is reading?
Let me return to the question regarding the cognitive architecture of 
reading… 

• Linguistic process
• Visual process
• Socio-cultural & historic process 
• Cognitive process
• Perceptual process (involving other modalities than just 

vision)
• ???

• All answers are correct 
• All answers are necessary to understand the 

reading in all its complexity 



Research on reading involves all 
disciplines mentioned before 
• Reading is a stage-wise process 
• Therefore, research can focus on a particular stage of it

Reading as a process

Visual processing

Pattern 
recognition

Eye movements

Horizontal scanning

Typographic differences / 
direction of writing

Viewing distance 

Visual 
segmenting

early 

comprehension

…late…

Socio-cultural 
impacts

Writing systems

Typographic 
differences

Context:
Given-new

Context: 
-Actual context of reading (situation)

- Historical, 
- Economic 

… context 

It is not trivial how 
this all fits together

Phono-
logical 

awareness



Core argument and summary 



Core argument and summary 
1. Reading as a process involving visual, linguistic but also 
other perceptual and cognitive abilities

• There is no single cognitive architecture of reading although there 
are several plausible sketches of it….

2. Format critically constrains reading and comprehension; 
• Humans are “cognitive chamelaons” in adjusting to different 

formats; there are costs and benefits of them..
• External (not only digital) format enables a hybrid cognitive 

processing which is the core of modern knowledge society and 
culture

• Manipulability and vulnerability of content in digital format…



Core argument and summary (continued)
3. Reading as a stage-wise process for integrating 
different areas, research fields and enabling a cross-
diciplinary work to elaborate an empirically supported 
comprehensive cognitive and cultural architecture of 
reading

• We do not have it yet in 2019!  



• Thanks!
• jurgis.skilters@lu.lv
• https://www.lpcs.lu.lv/
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Attention as a 
strong predictor 
of reading skills

Visuo-spatial deficits 
cause phonological 
deficits (Vidyasagar & 
Pammer, 2009)

N= 1487

Problems in attention à problems 
in grapheme processing , 
translation of graphematic
information into phonemic 
information and development of 
phonemic awareness




