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AnHoTanus:/lanHas cTaThs NpPeNOCTaBIsSeT oOOIIee MpeACTaBICHHE O MaTeMaTHYECKUX
MOJIESIX, MPUMEHSEMBIX JUIS HM3yYeHHUs MPOIECCOB BHUMAHMUS M TaMSITH y YelOBEKa.
Hpoueccm BHUMAaHHA aHAJIU3HUPYIOTCA C HCIIOJB30BAHHUEM TCOPHUU O6Hap}I)K€HI/IH CHUTHaJIla
(TOC) u moneneit pacpeesieHus PECypCcoB, a MPOLECCH MAaMSATH — C TOMOIIbI0 MApPKOBCKUX
MOJeIe W MOJelied OJKCIOHCHIMAIBHOTO 3a0bIBaHHA. B  cratbe  0OCYX)HArOTCS
MaTeMaTHYeCKHUe OCHOBBI 3TUX MOJIENIeH, X 3HAUCHUE B IICUXOJIOTHUECKUX MUCCIEAOBAHUSIX U
NpakTHYeCKoe NpuMeHeHne. Takke paccMaTpUBAIOTCS BO3MOXHOCTH MHTETPALUU B 00JIaCTH
o0pa3oBaHMs, KJIMHUYECKON TICUXOJNOTMM U HMCKYCCTBEHHOrO uHTeliekTa. CraThs
HOI[‘-IépKI/IBaeT B3aUMOCBA3b MCKAY HayKaMU IICUXOJIOTMU U MAaTCMAaTUKH.

KiarueBble cjoBa: BHUMAaHHUEC, MMaMATb, MAaTEMATHUYCCKUC MOACIIU, TCOPHA O6Hap}I)K€HI/IH
CUTHaJIa, paclpelCJICHUC PECYPCOB, MAPKOBCKHUE MOACIIN, KPpHUBAI 336I>IBaHI/I$I, KOTHHUTHBHAsA
IICHUXOJIOTHA.

Abstract:This article provides an overview of mathematical models used to study human
attention and memory processes. Attention processes are analyzed through Signal Detection
Theory (SDT) and resource allocation models, while memory processes are examined using
Markov models and exponential forgetting curve models. The article discusses the
mathematical foundations of these models, their importance in psychological research, and
practical applications. It also explores integration opportunities in education, clinical
psychology, and artificial intelligence. The article highlights the interdisciplinary connection
between psychology and mathematics.

Keywords: attention, memory, mathematical models, signal detection theory, resource
allocation, Markov models, forgetting curve, cognitive psychology.

Introduction

The integration of psychology and mathematics opens up new opportunities for
understanding cognitive processes. Attention and memory are fundamental components of
human mental activity, and mathematical models play a crucial role in analyzing them. These
models make it possible to represent complex psychological phenomena in a precise and
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predictable form. This article discusses the main mathematical models used to study attention
and memory processes, their types, and practical applications.
Attention is defined as the process of purposefully allocating resources during information
processing. The following mathematical approaches are applied in modeling this process.
1. Signal Detection Theory (SDT)
Signal Detection Theory is widely used in analyzing attention processes. This model
measures a person’s ability to distinguish a signal from noise. SDT is based on two main
parameters:

- d' (sensitivity): The ability to discriminate between signal and noise.

- B (bias): The tendency in decision-making.
For example, in a visual signal detection experiment, the participant's level of attention and
error probability are calculated using SDT. Mathematically, d' is expressed as:
d'=ps—unod' = \frac{\mu_s - \mu_n} {\sigma}d'=ous —pun
Here, us\mu_sps  is the mean intensity of the signal, un\mu_npn is the intensity of the
noise, and c\sigmag is the standard deviation [1].
Reference:
[1] Green, D. M., & Swets, J. A. (1966). Signal Detection Theory and Psychophysics. New
York: Wiley.
2. Resource Allocation Models
Attention is considered a limited resource, and its distribution across various tasks is
analyzed using mathematical models. According to the model proposed by Kahneman (1973),
attentional resources are allocated from a common "pool." This process is expressed as:
R=Yi=1nriR =\sum_{i=1}"nr iR=)i=In ri
Where RRR represents the total attentional resources, and rir_iri  is the amount of resource
allocated to task iii. This model is useful for predicting attention distribution in multitasking
environments [2].
Reference:
[2] Kahneman, D. (1973). Attention and Effort. Englewood Cliffs, NJ: Prentice-Hall.
Memory processes include storing, retrieving, and forgetting information. Mathematical
models are important tools for analyzing these processes.
1. Markov Models
Markov models describe memory processes as sequences of states. For example, in the
process of remembering words, the probability of recalling each word is considered to depend
on the previous state. State transitions in memory processes are expressed as:
P(St+1 | St)P(S_{t+1} \mid S t)P(St+1 | St )
Here, StS_tSt  is the memory state at time ttt, and PPP is the transition probability. This
model is widely used in word recall experiments [3].
Reference:
[3] Atkinson, R. C., & Shiffrin, R. M. (1968). Human Memory: A Proposed System and its
Control Processes. In K. W. Spence & J. T. Spence (Eds.), The Psychology of Learning and
Motivation (Vol. 2). New York: Academic Press.
2. Exponential Forgetting Curve
The process of forgetting information in memory is modeled as an exponential function.
According to the forgetting curve model proposed by Ebbinghaus (1885), the retention of
information decreases over time:
R=e—t/SR = e"{-t/S}R=e—t/S
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Here, RRR is the proportion of retained information, ttt is time, and SSS is memory strength.
This model is useful for predicting retention duration in learning processes [4].
Reference:
[4] Ebbinghaus, H. (1885). Memory: A Contribution to Experimental Psychology. New York:
Dover Publications.
Mathematical models of attention and memory processes are closely interrelated. For
example, the level of attention affects the efficiency of memory encoding. While SDT and
resource allocation models assist in analyzing attention processes,
Markov models and forgetting curve models play a key role in explaining memory processes.
Practical Applications
These models are applied in the following areas:

e Education: Memory models are used to optimize learning processes.

e Clinical Psychology: For diagnosing attention and memory disorders (e.g., ADHD or

dementia).
e Artificial Intelligence: Mathematical models serve as a foundation for simulating
cognitive processes.

Conclusion
Mathematical models of attention and memory processes play a significant role in
psychological research. Signal Detection Theory, resource allocation models, Markov models,
and forgetting curve models enable precise analysis of cognitive processes. These models are
not only important in scientific research but also have great value in practical fields such as
education, clinical psychology, and artificial intelligence.
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