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Резюме. В процессе адаптивного обучения широко используются информационные технологии, позволяющие 
создавать интерактивные курсы, учитывающие индивидуальные особенности студентов и интернов. В основу раз-
рабатываемых информационных систем положены различные математические модели психологических процес-
сов. Одним из таких подходов является перцептивное обучение .Целью работы явилось повышение восприятия 
радиологической диагностики с помощью компьютерных методов перцептивного обучения. В статье представлен 
практический опыт разработки системы PLIS для тренинга специалистов в области радиологической диагностики 
заболеваний опорно-двигательной системы, в частности, позвоночника. В основу информационной системы PLIS 
положена классическая модель интервальных повторений Аткинсона. Модификация этой модели заключается в 
задании различных уровней «мастерства» в овладении определенными разделами знаний. Из большого набора обу-
чающего материала (кейсов, снимков) создается обучающая последовательность, персонально упорядоченная. Этот 
порядок базируется на приоритете обучения и постоянно перестраивается, в процессе прохождения курса, адап-
тируясь под личные показатели ответа студента на каждый вопрос: правильность, временная задержка, категория 
к которой относится материал.

Ключевые слова: информационная система; перцептивное обучение; радиологическая диагностика; позвоноч-
ник.
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Summary. Thе article describes Perceptual Learning in medicine. The technology is customized and adapted for medical 
education, especially for diagnostics learning. PL information system (PLIS) gives computer-based tool for producing mastery, 
objective assessment and adoption for learner’s personality. Mastery criteria are based on response time and correctness.

Key words: information systems; perceptual learning; radiological diagnostics; spine.

INTRODUCTION

The article describes our experience of creation of 
information systems for medical education using perceptual 
learning (PL) technologies. PL is especially effective in 
teaching professional intuition, patterns of expert thinking, 
and speed of reaction.

Traditional medical education is based on procedural 
knowledge, consisting of special algorithm for producing 
operations. Learning some terms and cultivating some 
skills is a foundation of the future professional practice 
and performance. The main problem is the lack of fluency 
in pattern recognition by students. They have some 
understanding but act slowly and ineffective in time-limited 
or tough situations. Latest research shows that masters and 
experts have fluency in extracting relevant information more 

easy, with higher speed and lower cognitive load.
Kellman [8] extracts two main aspects of professional 

thinking: fluency and discovery. Discovery aspect 
determines the improved search skill of the most problem 
relevant information. Practice makes them ignore irrelevant 
information better. Fluency aspect gives automaticity in 
skills with small overhead for loading knowledge base.

E.Gibson in their fundamental research [5] of PL notices 
“changes in the picking up of information as a result of 
practice or experience” which are particularly effective 
in tasks of classifications. Applying to medicine, it gives 
improved skills, especially in diagnostics. Recent works 
[7,10] investigate PL effect and show that pattern matching 
skill can be improved by orders with it. These observations 
about the origins of advanced expertise apply to many high-
level domains of human competence; in medicine, they are 



79

Сибирский медицинский журнал (Иркутск), 2019, № 2

crucial for understanding the skills of the expert radiologist, 
pathologist, and surgeon. The skilled radiologist, for example, 
must detect the pathology in a new image or set of images, 
where tumor may be manifested in a different location, size, 
orientation, contrast, and situated amidst novel and variable 
background anatomy. Classification or clusterization task 
learning needs huge amount of different cases to form 
extraction mechanism that ignores irrelevant information 
and selects important one. The mastership comes from PL 
not by training memory but by fast and precisely classified 
knowledge base.

TECHNOLOGY

In many domains, expertise comes not from learning 
facts, but from experience, case study and practice time. 
With personal learning curve and lack of experts in system of 
education computer-based technologies based on principles 
of perceptual learning can be a good addition or sometimes 
a substitution of the expert tutor. PL technology is based 
on many short attempts of classification task solving and 
receiving feedback. There are some important aspects:

There are some articles that show the role of perceptual 
structure in science, technology, engineering (STEM) learning 
domains [6,11], as well as the potential of PL in mathematics 
[9,11]. However, the most valuable PL technology is in 
medical learning. We see big impact of using PL in radiology, 
where there are many classifications of diseases, spanning 
not only a number of pathology conditions but also different 
imaging modalities. Fixed standard views, 3D models for 
process exploration, for example, ultra sound; the most 
important information can be obtained only in animation. 
Everybody knows that development of expert radiologist 
needs watching and task solving for a long time of practice. 
We have started to approbate PL technology in diagnostics 
of the spine pathologies to create 
a system that can help in medical 
learning of radiologists. The 
main property of this system is 
adapting.

Adapting of student learning 
curve is sometimes restricted 
by the failure to adapt to the 
personality. They have different 
level of knowledge, different speed 
of learning, etc. Situation “one 
instructor – a lot of students” 
does not give a chance to select a 
strategy that fits everyone’s abilities. 
Instructor even cannot accurately 
evaluate students’ progress because 
they are usually tested twice in 
a term. This can be dramatically 
improved by using our information system approach.

PERCEPTUAL LEARNING INFORMATION SYSTEM 
(PLIS) 

The main idea of our software is based on classic Atkinson 
method [4] with proven effectiveness of well-learned models 
[12]. In addition, we introduce mastery criteria as a function 
of accuracy and speed of pattern 
recognition.

To make a long story short, we 
have a set of learning units, tagged 
by categories. To personalize 
education curve, we build an 
ordering on this set. This ordering 
can be interpreted as a priority to 
demonstrate particular item. This 
order is changed every step of 

Fig. 1. Screenshot of PLIS. Choosing an X-ray for particular pathology.

Fig. 2. Screenshot of PLIS. Detailed diagnostics of pathology.

iteration of student interaction. Priority of a unit is a function 
of user answer’s characteristics (correctness, delay, last time, 
category, mastery threshold). In addition, the response 
affects priority values of other units. The identification of this 
model’s parameters, especially mastery threshold, is done on 
research of experts’ UI responses. There are some heuristics 
or principles in the foundation of the system:

1. Correctness and delay are inversely to priority
2. Time of the last demonstration is in direct ratio of 

priority
3. Successful answer decreases priorities of all units in 

the same category
4. Wrong answer triggers a delay to avoid showing of 

the same unit in a sequence and to exclude extracting right 
answer from working memory

5. Units or categories, whose priority is less than some 
mastery threshold, are excluded from education sequence 
and considered to be completed.

When it comes to mastery, the response time becomes 
determining. Unit with correct answers but big response time 
gets relatively high priority. In addition, we try to maximize 
the time interval of showing the same unit while being able 
to get a successful response [13].

We omit mathematical and technical details, but this 
scheme is very flexible by selecting different function 
parameters. As a result, system adapts to a particular 
knowledge base and student.

We think that our system has a potential for a better 
testing of student’s knowledge. Every unit in knowledge 
base is assessed on the base of accuracy and response time. 
Aggregated information for a group of students can give 
better statistics for different categories of education course.

APPLICATIONS OF PERCEPTUAL LEARNING 
INFORMATION SYSTEM IN RADIOLOGY

The training information system helps to optimize the 
perception of radiation diagnosis, which is considered 
to be the main method of patients’ examination with the 

musculoskeletal system diseases, in particular, in the spine 
[1,2,3].

Every educational unit in knowledge base has following 
structure: x-ray image, pathology and diagnosis details. 
Every unit can be tagged by different categories of disease 
classifications. Then, we can automatically build different 
types of questions: 

1. If there is any pathology (select image with 
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pathology).
2. Select a particular pathology from different x-rays. 

(see Fig. 1)
3. Select diagnosis details. (see Fig. 2).
There are opportunities for variation other types of 

questions. Our work is in progress, but our first results show 
that perception learning can affect a solid progress for a 
short learning time.

PERCEPTUAL LEARNING AND MEDICAL 
SIMULATIONS

If you have cutting-edge simulations, it is not enough 
to solve the problem of education improvement. However, 
PL can offer an objective method to increase the learning 
effectiveness. Most of the procedural tasks depend on 
improvements in picking up knowledge. PLIS can be 
customized to perception action scenarios. Advanced 
simulations based on perceptual learning offer to be relevant 
to the practice.

One of the main results of perceptual learning 
implementation is an objective performance assessment 
with mastery criteria. We can count statistics of performance 
for different categories including correctness, response time, 
and level of knowledge. Although, time response is very 
important; it is usually not trained or measured by traditional 
education practice. Benefits of PLIS will give acceleration in 
training, solid testing and reduction of medical mistakes in 
diagnostics and other practice.

CONCLUSION
To reduce medical errors and improve medical education 

we need modern effective learning and simulation techniques. 
In both simulation and learning, we can get noticeable 
advance. Perceptual learning is proven able to increase 
pattern matching, extracting knowledge of new cases, fluency 
and mastery in general. Customizable interactive learning 
technology of PLIS can adapt to every student providing 
more personalized and efficient education. The certification 
of mastery has solid base and diversity in measurements. We 
sampled this technology in radiology learning but we see 
perspectives of it in different medical domains to improve 
training and practice as a result.

Acknowledgment. The authors are grateful to colleagues 
from Irkutsk Scientific Center of Surgery and Traumatology 
for their help in the compilation of MRI-gram.

Конфликт интересов. Авторы заявляют об отсут-
ствии конфликта интересов. 

Прозрачность исследования. Исследование не имело 
спонсорской  поддержки. Исследователи несут полную 
ответственность за предоставление окончательной 
версии рукописи в печать.

Декларация о финансовых и иных взаимодействи-
ях. Все авторы принимали участие в разработке кон-
цепции и дизайна исследования и в написании рукописи. 
Окончательная версия рукописи была одобрена всеми ав-
торами. Авторы не получали гонорар за исследование.

Материал поступил в редакцию: 19.04.2019 г.

ЛИТЕРАТУРА – REFERENCES

1. Byvaltsev V.A., Stepanov I.A., Kalinin A.A., Shashkov K.V. 
Diffusion-weighted magnetic resonance imaging in the diagnosis 
of degeneration of the intervertebral discs // Meditsinskayatehnika 
[Medical technique]. 2016. Vol. 50. №4 (298). Jul. Aug. Р.29-32.

2. Kopylov V.S., Potapov V.E., Sorokovikov V.A. Structural 
changes of the spine with scoliosis. NCRVHSO RAMN, Irkutsk 
2012. P.162. (In Russian)

3. Ulyanov V.S., Negreeva M.B. Cloud service for diseases 
risks diagnostics and prediction by medicalattributes. Proc. X 
international scientific conference “Sistemnyanaliz v medicine” 
[System analysis in medicine], ed. Kolosov V.P., Blagoveshensk 
2016. P.73-76. (in Russian)

4. Atkinson R.C. Optimizing the learning of a second-language 
vocabulary // J ExpPsychol. 1972. Vol. 96. P.124-129.

5. Gibson E.J. Principles of Perceptual Learning and 
Development // New York, Prentice-Hall, 1969.

6. Goldstone R.L., Landy D., Son J.Y. A well-grounded 
education: the role of perception in science and mathematics. 
In: Symbols, Embodiment, and Meaning. Edited by de Vega M, 
Glenberg A, Graesser A. New York, Oxford University Press, 
2008. P.327–355.

7. Fahle M., Poggio T. (editors.): Perceptual Learning. 
Cambridge, MA,MIT Press, 2002.

8. Kellman P.J. Perceptual learning. In: Stevens’ Handbook 
of Experimental Psychology, Vol. 3, Learning, Motivation, and 
Emotion, Ed 3, pp 259–99. Edited by Gallistel R. New York, Wiley, 
2002.

9. Kellman P.J., Massey C.M., Roth Z., et al. Perceptual learning 
and the technology of expertise: fraction learning and algebra // 
CognPrag. 2008. Vol. 16. №2. P.356-405 (special issue).

10. Kellman P.J., Garrigan P.B. Perceptual learning and human 
expertise // Phys Life Rev. 2009. Vol. 6. №2. P.53-84.

11. Kellman P.J., Massey C.M., Son J. Perceptual learning 
modules in mathematics: enhancing students’ pattern recognition, 
structure extraction, and fluency // Top CognSci. 2010. Vol. 2. 
№2. P.285-305.

12. Pavlik P.I., Anderson J.R. Using a model to compute the 
optimalschedule of practice// J ExpPsycholAppl. 2008. Vol. 14. 
№2. P.101-117.

13. Storm B.C, Bjork R.A., Storm J.C. Optimizing retrieval as a 
learningevent: when and why expanding retrieval practice enhances 
long-term retention // MemCognit. 2010. Vol. 38. P.244-253.

Информация об авторах:
Ульянов Владимир Сергеевич – Senior software developer, Revolut Limited, Candidate of Phys.-math. Sciences; United Kingdom, 

E14 4HD London, 7 Westferry Circus; e-mail: ulyanov@isu.ru; Негреева Марина Борисовна – с.н.с., старший научный сотрудник 
НКО нейрохирургии, ФГБНУ ИНЦХТ, к.б.н., 664049, Иркутск, м/р Юбилейный, 64/1, 315; e-mail: negreeva@yandex.ru,  
https://orcid.org/0000-0003-3282-9895, ORCID: 0000-0003-3282-9895; Швецова Светлана Викторовна – доцент, доцент 
кафедры иностранных языков, Иркутский государственный аграрный университет им. А.А. Ежевского; к. филол. н., 

664038, Иркутская область, Иркутский район, поселок Молодежный; e-mail: svetlana-irk@yandex.ru, 
https://orcid.org/0000-0002-6634-1727, ORCID:0000-0002-6634-1727

Information About the Authors:
Ulyanov Vladimir Sergeevich – Candidate of Phys.-math. Sciences, Senior software developer, Revolut Limited; Address: United 
Kingdom, E14 4HD London, 7 Westferry Circus; e-mail: ulyanov@isu.ru; Negreeva Marina Borisovna – Candidate of Biological 

Sciences, Senior Researcher, Senior Researcher of the Scientific and Clinical Department of Neurosurgery, FSPSI, Irkutsk Scientific 
Center of Surgery and Traumatology; Address:1, Bortsov revolutsiyi str., Irkutsk, Russian Federation 664003; 

e-mail: negreeva@yandex.ru, ORCID: 0000-0003-3282-9895; Shvetsova Svetlana Victorona – Candidate of Philological Sciences, 
Associate Professor, Associate Professor of the Department of Foreign Languages, Irkutsk State Agrarian University named after 

A.A. Ezhevsky; Address: Pos. Molodezhny, Irkutsk district, Russian Federation 664038; e-mail: svetlana-irk@yandex.ru,
ORCID:0000-0002-6634-1727


