
Opera Med Physiol. 2021. Vol. 8 (4)  |  41 

PSYCHOPHYSIOLOGICAL MARKERS OF EPISTEMIC EVALUATION: 

EVIDENCE FROM EYE TRACKING IN READING FAMILIAR  

AND UNFAMILIAR WORDS 

V.A. Demareva1*, A.V. Golubinskaya1, T.V. Mayasova2, V.V. Vyakhireva1,

M.V. Zhukova1, R.V. Golubin1

1  Lobachevsky State University (Nizhny Novgorod, Russia); 
2 Minin Nizhny Novgorod State Pedagogical University (Nizhny Novgorod, Russia).

* Corresponding author: valeriia.demareva@fsn.unn.ru

Abstract. The article focuses on identifying specific eye movement parameters during reading unfamiliar words to study 

the formation of epistemic evaluation. The sample consisted of 40 students. 240 eye-tracking records were registered 

while the participants were reading 6 texts in Russian. The study revealed that the speed of saccades decreased, and the 

duration of fixations increased while reading an unknown word. Eye movements at first encounter of a new term may 

be an indicator of epistemic evaluation formation. 
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Introduction 

Epistemic evaluation (from the Greek epis-

teme – knowledge) describes a state of a person 

when they process information. In logics, this 

term refers to a subject's attitude to a judgemen-

tal statement, expressed by the terms «to 

know», «to believe», «to be convinced», «to 

doubt», etc. In psychology, research on epis-

temic evaluation involves analysis of the cogni-

tive mechanisms by which a person assigns the 

status of «true», «trustworthy», «likely», 

«doubtful», «false», and experiences specific 

cognitive events (agreement, concentration, 

thoughtfulness, certainty, and interest) to infor-

mation new to him (Rahman et al., 2020).  

A key element of such mechanisms is the pe-

culiar procedure that humans perform to assess 

the validity of claims (epistemic evaluation). 

Epistemic evaluations can be deliberate, when 

they occur as a part of purposive reasoning, or 

accidental, as well as direct, when humans ana-

lyze a claim, and indirect, when humans evalu-

ate the validity of conclusions reached by third 

parties. There can also be other typologies. The 

most elaborate one is the differentiation of ep-

istemic evaluations by subject, that is, what ex-

actly the person's reasoning is aimed at (e.g., 

reasons for typical and atypical events, facts, 

etc.) (Kirefel et al., 2021; Henne et al., 2021). 

However, in this paper, it is appropriate to fo-

cus on direct epistemic evaluations. Unlike indi-

rect evaluation, which is influenced by social fac-

tors (e.g., the authority of a third party), direct ep-

istemic evaluation is most susceptible to psycho-

physiological measurements, because dealing 

with new information involves parts of the sen-

sory system responsible for perception. The most 

frequent perceptual source of new information for 

humans is reading. It is easy to see that purely lex-

ical parameters of a text are not sufficient to ex-

plain individual epistemic processes: often differ-

ent people come to different conclusions after 

reading the same text (Chertakova et al., 2021). 

Consequently, this difference is due to some in-

ternal factors of epistemic evaluations. 

There are several concepts of epistemic eval-

uation formation that consider different internal 

factors (Perrine, 2020). Among them there are 

cognitive and non-cognitive concepts. From the 

point of view of the somatic markers hypothesis 
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formulated by A. Damasio, epistemic states de-

pend on emotional events arising in the process 

of reasoning (Damasio, 1996). This is an exam-

ple of a non-cognitive concept. Proponents of 

cognitive concepts, which argue that epistemic 

evaluations depend on cognitive factors, have 

not yet reached a compromise on the nature of 

these very factors. Fundamentalist and coher-

entist approaches suggest that epistemic evalu-

ations are determined by the conformity to pre-

viously existing beliefs (Kole & Eshimome, 

2021). The probabilistic approach assumes that 

the most significant internal factor in the pro-

cess of evaluation is the determination of possi-

bilities (Loewer, 1998). In this approach, any 

epistemic evaluations are represented as de-

grees satisfying probability axioms that are 

formed in the process of assigning a percentage 

of probability information. 

A major difficulty with these and other ap-

proaches is the inaccessibility of the epistemic 

process and any of its markers to the observer. 

Some tentative alternative is the relational ap-

proach, which assumes that a significant factor 

for epistemic estimation is the search for con-

nections (Kozlova et al., 2021). We did not find 

literature devoted to a detailed description of 

such an approach, however, its basic theoretical 

positions can be traced in various sources. For 

example, Wittgenstein's «wheel,» a metaphor 

for the structure of human knowledge: «a wheel 

that doesn’t spin though anything else moves 

with it» is not part of a mechanism; knowledge 

forms a kind of system, like a mechanism with 

gears, the function of which must manifest itself 

in the word's performance (Wittgenstein, 2009). 

A similar idea is expressed in E. Yudkowsky as 

follows: what does not receive connections 

with other knowledge is stored in memory in 

isolation (Yudkowsky, 2015). This leads to the 

question of the importance of connections for 

epistemic evaluation. If it is indeed a factor in 

the processing of new information, for exam-

ple, when reading, then such reading must be 

accompanied by specific fixations of the eye on 

those words and text fragments that are the sub-

ject of epistemic evaluation. 

In psychophysiology, there are several re-

lated statements. The process of reading is sus-

tained by foveal and parafoveal vision. Foveal 

vision ensures the perception of letters fixated 

by the gaze (carried out by receptors in the cen-

tral fossa of the retina and characterized by 

maximum visual acuity). Parafoveal vision pro-

vides the perception of non-fixated letters (Va-

silyeva, 2019). With a proper degree of back-

ground knowledge of information in texts to be 

read, some part of the verbal information is pro-

cessed parafoveally (Vasilev & Angele, 2017). 

Parafoveal preview of a word («parafoveal pre-

view») reduces its subsequent fixation time – 

this effect is called «parafoveal preview bene-

fit» (Niefind & Dimigen, 2016; Vasilev et al., 

2020) and is taken account of by most current 

models of eye movement control during read-

ing (hereafter «reading models»). 

Reading models describe the cognitive 

and/or oculomotor processes that control the 

reading process. They are precise algorithms 

that contain mathematical formulas and rely on 

a large amount of empirical data. There are dif-

ferent versions of the models (Reingold et al., 

2016). In the current contribution, cognitive-

oriented models will be considered that argue 

that eye movements are controlled by processes 

of lexical processing, and take visual-motor 

factors into account. In turn, these models are 

divided into two main types: Sequential Atten-

tion Shift (SAS) (Hans & Engbert, 2012) with 

implementations of E-Z Reader (Reichle & 

Sheridan, 2015), EMMA (Salvucci, 2000), etc.; 

Guidance by Attentional Gradients (GAG) with 

implementations of SWIFT (Engbert et al., 

2005), Glenmore (Reilly & Radach, 2002), etc. 

In SAS models, lexical word processing is 

closely related to a sequential shift in attention 

from word to word; words are processed in the 

order in which they appear in the text; only one 

word can be the focus of attention (Risse & 

Seelig, 2019). SAS models assume a close rela-

tionship between lexical processing, attention 

shifts, and eye movements. These models rely 

on the assumption that a latent shift of attention 

to the next word occurs simultaneously with 

saccade programming to that word. At the same 

moment, lexical processing of that (parafoveal) 

word begins. If the processing of the parafoveal 

word is completed before the saccade is per-
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formed (which is quite likely for simple and 

predictable words), the saccade is repro-

grammed to another word following the 

skipped word. This mechanism explains selec-

tive skipping of short, high-frequency words. 

In 1998, Reichle and colleagues suggested 

that: (1) lexical processing occurs in two steps 

(word familiarity assessment and subsequent 

word search in the lexicon), and (2) saccade 

programming also occurs in two steps (Reichle 

et al., 1998). This article begins the description 

of the best-known reading model, the E-Z 

Reader (Madi et al., 2020). In this model, sac-

cade programming to the next word and lexical 

processing of the current word occurs simulta-

neously from the moment word familiarity 

check is completed. Saccade reprogramming is 

possible only in the first phase. A latent shift of 

attention to the next word occurs after the com-

pletion of lexical processing, regardless of the 

saccadic programming phase. Partial inde-

pendence of the lexical and visual-motor pro-

grams goes beyond Morrison's model and ex-

plains average fixation durations and the prob-

ability of missing words in connection with 

word frequency, as well as the negative effect 

of the difficulty of processing a foveal word 

on the subsequent processing of a parafoveal 

word (in this case a parafoveal word takes 

longer to process than the same word that fol-

lows an easy (e.g., high-frequency) foveal 

word). In the next version, the model is ex-

panded to include the parameters of visual-

motor control and thereby – to consider 

achievements of visual-motor models. 

In GAG models it is possible to process sev-

eral words in parallel, the attention is not fo-

cused on one word, but distributed throughout 

the text perception area according to the gradi-

ent principle, so that the closer a word is to the 

foveal area, the higher its processing speed, i.e., 

words in the parafoveal area are processed 

slower. GAG models include the best-known 

model SWIFT. SWIFT is a dynamic systematic 

approach to eye movement control in reading, 

based on the concept of spatially distributed or 

parallel word processing. One of the main mo-

tivations for developing SWIFT was to propose  

 

one common mechanism to describe all types 

of saccades observed in reading experiments, 

i.e., right-hand forward saccades, word skips, 

repeated fixations, and regressions. In addition, 

as a key principle borrowed from neurophysio-

logical work, SWIFT separates the «when» and 

«where» saccade preparation pathways 

(Findlay & Walker, 1999). Saccades according 

to this model are generated autonomously 

(Godfroid, 2021). 

Empirical data for the construction and veri-

fication of reading models are collected using 

eye-tracking which registers eye movements. 

Modern devices allow to accurately measure the 

duration of fixations and saccades during read-

ing, to fix the direction of gaze, and to trace the 

trajectory of saccades. Experiments with eye-

tracking revealed basic patterns of eye move-

ments during reading. Reading is characterized 

by a sawtooth pattern of sequentially scanning 

text from left to right and from top to bottom or 

in the opposite direction, depending on the writ-

ing system. Eye movements are an alternation of 

stationary fixations and saccades, whose ratio of 

durations depends on multiple factors. One sac-

cade is approximately equal to 8 symbols (Clif-

ton et al., 2016). There can be different numbers 

of fixations on a word. During a saccade, as well 

as immediately before and after, it is almost im-

possible to perceive any visual information. In-

formation enters the processing system predom-

inantly during fixations, and during saccades 

there is low-level processing of visual infor-

mation (Fabius et al., 2020). 

Thus, there is a suggestion that by analyzing 

eye movements when a person is introduced to 

new information (new terms), it can be estab-

lished whether visual seeking is an essential el-

ement in the process of the formation of epis-

temic evaluation of information. 

The aim of this article was to identify eye 

movement patterns that are indicative of epis-

temic evaluation associated with the reading of 

new terms. 

To achieve the goal, an empirical study was 

conducted to record eye movements while read-

ing texts in which adult respondents marked 

terms previously unfamiliar to them. 
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Materials and Methods 

Forty Russian-speaking subjects aged 18 to 

22 (12 males and 28 females) participated in the 

study.  

The study consisted of two stages. At the 

first stage, eye movements while reading texts 

were recorded. Eye movements were recorded 

using the SMI HiSpeed eye-tracking system. 

The data on eye-motor activity parameters were 

extracted using SMI BeGaze 3.4 program 

(Event Statistics module), and were processed 

using StatSoft Statistica v. 13.0 Eng. 

Six texts in Russian (containing 32, 36, 38, 

43, 31, 33 words respectively) were used as 

stimulus material. 

Excerpts of texts were taken from the fol-

lowing sources: Yarovitsky V. «100 great psy-

chologists», Solso R. «Cognitive psychology», 

Berdyaev N. «Science of religion and Christian 

apologetics», «Igneous rocks – plutonites and 

vein rocks formed because of magma break-

through into the Earth's crust», Gudilin E.A. 

Shlyakhtin O.A. «Actuator», Arzamasova O.A. 

«Carbohydrate-protein complexes of liver and 

blood serum in prenatally alcoholized rats». 

At the second stage, after completing the 

recording of eye movements, the subjects were 

given the same texts on paper, in which it was 

necessary to highlight unfamiliar words. 

Further statistical processing of the received 

data was carried out. Methods of descriptive 

statistics and analysis of the reliability of 

differences using Student paired t-test were used. 

The study was conducted according to the 

guidelines of the Declaration of Helsinki and 

approved by the Institutional Review Board of 

Faculty of Social Sciences of Lobachevsky 

State University. 

 

Results 

 

1. Identification of unfamiliar words in texts 

 

240 eye tracking recordings were registered 

while reading six texts in Russian. 

The subjects identified the following words 

as unfamiliar – Table 1. 

 

 

Then, 105 eye movement recordings were 

selected where the subject was reading an 

unfamiliar word: unfamiliar words were 

high-lighted, which were preceded or fol-

lowed by 3 words familiar to the subject, and 

which were read for the first time, since 

some unfamiliar words were repeated several 

times in the text. The fixation durations, du-

ration, amplitude, and average speed of sac-

cades when reading the unfamiliar words, as 

well as the first, second, and third word pre-

ceding or following the unknown word, were 

analyzed. 

Statistically significant differences in the 

duration of fixations on words in Russian 

texts and differences in the duration, ampli-

tude, and average speed of saccades were 

calculated. 

 

2. Comparison of eye movement patterns 

when reading familiar and unfamiliar words 

 

2.1. Fixation features analysis 

The following patterns were found when 

an unfamiliar word occurs within a text 

(Fig. 1). A longer fixation is made for the 

word which immediately precedes the un-

known word than for the second word to the 

left (t = 2.4; p < 0.05). On the third subsequent 

word after the unfamiliar word, a shorter fix-

ation is made compared to the following 

words: the word before the unfamiliar word  

(t = 2.2; p < 0.05), the unfamiliar word (t = 

= 2.5; p < 0.05), the first after the unfamiliar 

word (t = 2.1; p < 0.05), the second after the 

unfamiliar word (t = 2.5; p < 0.05). 

  

2.2. Saccade feature analysis 

No statistical difference in the duration and 

amplitude of saccades during reading was 

found. 

The following regularities were found in the 

presence of an unfamiliar word in Russian texts 

(Fig. 2). The average saccade speed before the 

unknown word was higher than during its read-

ing (t = 2.5; p < 0.05) and after reading (t = 2.4; 

p < 0.05). 
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Table 1 

List of unfamiliar words, marked by the participants 

 

No. 
A word marked as unfamiliar  

(in Russian) 

A word marked as unfamiliar  

(English translation) 

1 «кремнозема» «silica» 

2 «диорит» «diorite» 

3 «габбро» «gabbro» 

4 «пренатальной» «prenatal» 

5 «интенциональности» «intentionality» 

6 «актуаторов» «actuators» 

7 «гексоз» «hexosis» 

8 «мукопротеинов» «mucoproteins» 

9 «нейрокогнитологией» «neurocognitology» 

10 «гликопротеинов» «glycoproteins» 

 

 

Fig. 1. Mean duration of fixations on familiar and unfamiliar words 

 

Fig. 2. Average saccade speed before, during, and after reading an unfamiliar word 
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Discussion  

Understanding represents only one of the di-

mensions that are involved in the processes of 

epistemic evaluation. At the same time, it is one 

of the primary preconditions for a person to to 

make any kind of evaluation at all. It follows, 

that peculiarities of statement processing at the 

stage of primary evaluation of information can 

affect the result of cognitive and, consequently, 

epistemic situation. The above results show that 

the area of the text, within which the search for 

connections between familiar and unfamiliar 

terms is manifested, turns out to be relatively 

small, but its size is regular, and it can be deter-

mined in accordance with the modern models 

of reading. 

The study found that the more complex the 

words are, the longer the fixation time is, which 

is consistent with the results of other studies 

(Loberg et al., 2019). Such characteristics as 

frequency, predictability, etc., which are cogni-

tive/lexical properties of a word that affect fix-

ation duration, are estimated differently in the 

E-Z Reader and SWIFT models. In the E-Z 

Reader these characteristics control eye move-

ments during reading (Reichle & Sheridan, 

2015), in the SWIFT model saccades are gener-

ated autonomously (Rabe et al., 2021). Thus, 

we can conclude that, in our case, the results 

obtained fit best into the SWIFT model.  

According to the E-Z Reader and SWIFT 

models of reading, eye movements during read-

ing are controlled by the processes of lexical 

word processing. The main difference between 

these two models is that lexical processing in E-

Z Reader is sequential (Reichle & Sheridan, 

2015), while in SWIFT it is parallel (simultane-

ous processing of multiple words) (Rabe et al., 

2021; Godfroid, 2021). Concerning the sac-

cades programming, it was found that the sta-

tistical difference was only in the average 

speed: the speed decreases during the reading 

of an unknown word. 

Figure 2 shows that the speed on the unfa-

miliar word decreases significantly. Perhaps 

this is one of the subjects' strategies of seeing 

an unfamiliar word in advance when reading in 

their native language and immediately deter-

mining more time to review it. In addition, dec-

reased saccade rate on an unknown word is in-

dicative of new information processing, making 

connections between the words, and thus find-

ing subjects in a state of epistemic evaluation. 

It is likely that when programming a saccade, 

there was simultaneous processing of several 

words, and this may have affected the speed of 

the subsequent saccade, which confirms the 

SWIFT model (Rabe et al., 2021; Godfroid, 

2021).  

There is quite a large empirical base support-

ing the performance of each of the two models 

described. However, there are discussions 

about which of the models is the most universal, 

and the search and development of the most 

perfect reading model is underway. It can be 

concluded that in this study, during the study of 

the gaze movement when reading unfamiliar 

words, the most appropriate model, which best 

explains the results obtained, is the SWIFT 

model. 

 

Conclusion  

The aim of the current research study was to 

determine the characteristics of eye movements 

when reading unfamiliar words in the context 

of studying the process of epistemic evaluation 

formation. The analysis of the obtained data re-

vealed that the speed of saccades decreased, and 

the duration of fixations increased during the 

reading of an unfamiliar word.  

Overall, the data obtained regarding the dy-

namics of saccades and fixations characteristics 

agree with the SWIFT model and testify to the 

simultaneous processing of several words, and 

this means that our assumption, that the analy-

sis of eye movements when a person is familiar 

with new information (new terms) reveals that 

the search for associations is an essential ele-

ment for epistemic evaluation formation, is 

confirmed. 
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