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Abstract The article aims to review existing issues and look for novel ways of human-computer digital systems
design and interaction. Such interaction takes place, as a rule, through an appropriate interface, which can be
mechanical, digital, analog, with a touch screen, etc. For the end user of the relevant application or system, it is important
how this interaction process will be implemented, presented, and programmed. That is, what controls, actions for
interaction, and feedback mechanisms from the system to the user will be available. The research methods are based on
the main methodologies of design and analysis of digital products with an emphasis on user experience, research of user
requirements, the context of application use, and the presentation of the menu of interaction with a digital service. The
article presents the results of a detailed description and modeling of the main process of user interaction with the feedback
system (cyclic process). The context of using the application, the main desires and goals of the user when interacting, as
well as the types of available options for interacting with the interactive system are taken into account. The seven-step
process of user interaction presented in the paper includes functions, data, software systems and modules, appropriate
software and hardware architecture, and methods of internal communication between cycle functions. A process of
interactive interaction has been developed, which describes the full cycle from the beginning to the end of the user's work
with any digital, analog, computing device, application, or service. This process can be used by designers, software
developers, and scientists/researchers at the stage of planning a new interactive system or to improve an existing one.

Keywords: HCI, user interface, computer engineering, design engineering, design.

Introduction. Software and digital information applications are used in every area of life.
Hardware and technological advancements led to a great number of digital interactive devices and
screens available to users around the world. Digital and analog devices are used not only by the
general populace but by many professionals in all industries, from construction to aerospace engineers
to mechanical engineering to military and health care, among many other industries. What users see
and interact with, first of all, is the user interface or mechanical interface. The Human-Computer
Interaction field is responsible for researching new ways and improving existing user-computer(user-
devices) mechanics. The process of user-computer interaction happens in loops, and for every user
action or series of activities, systems provide appropriate feedback. To take a step further interaction
design is not just centered on, limited to input and output operations cycles, it affects the whole
software/hardware/system. Digital human-computer interaction systems design can be classified as a
type of engineering systems architecture and should be studied appropriately.

Analysis of research and publications. There are many prominent researchers and research
work in the fields of HCI, Ul research, and interaction engineering. The most common work in the
area of HCI is user interface and interaction feedback loops [1-5]. Besides, fundamental studies have
been carried out in the area of user interface design principles and design systems [6-9]. Emerging
Technologies, such as VR, AR, and new touch interfaces require a new view of how the interaction
loop operates [10]. Even though the area of HCI and interaction research is not new, many systems
and possibilities were left unstudied or haven't received enough focus. Among them, the field of

No. 1 (2024) Information Technologies in Economics and Environmental Sciences 53



https://orcid.org/0000-0002-7433-2484
mailto:volodnz@nubip.edu.ua
https://orcid.org/0000-0002-2642-8908
mailto:ksim@nubip.edu.ua

Nazarenko V., Kasatkin D.

digital design is focused on comprehensive system design that includes multiple simultaneous use
complex interaction actions, and multi-device feedback.

Purpose. The research work aims to describe the HCI interaction loop, break it down into
functional components, and present a robust model for interaction design context, interaction process,
as well as the view on User Interaction — Feedback Systems, and States.

Methods. List of main HCI research methods, components, and interaction systems are listed
in Table 1. Human-computer interaction is conducted using various mechanical, screen, and sound
processing devices. Major interaction systems include digital electronic and electrical devices, used
for input and output operation, data and signal processing modules. Each type of interaction has a
corresponding sample system type, ranging from LCDs to touchscreen interfaces to found speakers
and spatial sensors.

Table 1 — User-Interface Interaction Classification™®

Interaction Components Data Example systems
Type
Mechanical |Input Device Analog/Digital Signal Electrical device
Input Sensor Spatial coordinates Singal processors
Output Device Input/Output Type Transistors
Group of devices Input/output signal Programmable components
Processing Machine End-point comms. message Camera and motion recognition,
Singal Processing Device control data tracker
Touch screen device
Mechanical control device
Text Direct physical input/output | Screen size and type BW screen
Virtual Input/output Language model LCD screen
Input/output text Paper/Magnetic Ink
Voice Physical Signal data (wave) Sound wave signal converters
microphone/speaker Recognition and sensory data Sound processing engine
Audio processing Timer and buffer data
Audio recognition software
Visual (CGI) |GPU 2D/3D Coordinates Game Engine
Rendering Software Geometry Modeling Software
VFX and Animation sequences | End-user application

* prepared based on author work and public research data [1-10]

Data and programming functions are included in user, software, and hardware system design.
Data types are broken down into categories based on interaction type, and listed in Table 1, column
3. List of the most common user-interface interaction functions (based on Table 1 Interaction Types),
each of which can take input data and/or return result data:

e ProcessingEngine();

e ScreenRender();

e ViewMode();

e InteractionMode();

e MenuSystem();

e Getlnput();

¢ SetOutput();

e StoreData();

e ConnectToDevice();

e SingalProcess();

e and others.

When developing and designing new interaction systems both scientists and industry specialists
have a wide range of tools at their disposal. The most commonly used hardware and software
solutions are listed in columns 1 and 2 of Table 2. HCI and Interaction design rely on many
methodologies and patterns, as the product/applications design process starts with the Business and
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product planning, followed by design and technology development (column 3 in Table 2). What the
end-user gets is not some random number of signals or misc. messages, but specific text, and visual
elements and has access to several possible menus and navigation panels (column 4 in Table 2).

Table 2 — Hardware, Software, Methodology Classification in HCI*

Hardware Software Methodology Presentation
Glasses: Software development Business and Product development: Physical dimension:
- VR suits and stacks: - Stakeholders - presentation
- AR - native platform - Requirements - size
- MR - cross-platform - Planning and Resouces allocation - interaction type
- use case specific - context of use
Sensor Screen: Interface design: Design and Interaction: Input and Output:
- phone - physical - Form - direct
- tablet - digital graphic design - Interface - loop
- general screen - digital UX, Ul - Presentation - contextual
Mechanical: 2D and 3D graphics Technology and Design: UX:
- joystick/ programs: - Analytics - Objective/Goal
gamepad/controller - modeling - Development - Functionality
- Virtual Mouse and - rigging - Materials - Interaction
Keyboard - animation - Electronics - Information
- Mechanical Mouse and | - industrial - Aesthetics - Sensory
Keyboard
Sensors and trackers: Embedded and hardware | Manufacturing and Production: UL:
- detection and development software: - Packaging - Layout
recognition - firmware - Supply and Delivery - Navigation
- motion - application - Menu
- Screen Elements
Misc. Input&Output Testing and Evaluation: User and Behavior: Special:
devices: -UX - Goals and desires - notifications
- digital - product and market - Information Architecture - sound
- analog - software - Psychology and behaviors - music
- social and group interaction - 3D effects
- spatial effects
- misc.

* prepared based on author work and public research data [1-10]

Human-computer interaction is a three-phase process, as presented in Figure 1.

uman - Goal

Computer -

Processing

* Action * Signali/o ¢ Datai/o |
e Sensory e State and ¢ Interpratation
* Memory control * Jobs Que
¢ Interaction * Input ¢ Type of

Type e Output Response
* Expected * Feedback * Interacion

Response cycle/loop

X
Figure 1 — General Human-Computer Interaction Components [6-9]
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The essential first step is the user (human) defined goal that he/she needs to accomplish with
the help (usage) of digital/analog/mechanical/misc. type of interactive device. User input is processed
depending on the interaction medium and input type by the software system (computer,
microcomputer, etc.). A list of underlying components, actions, and conceptual functions is presented
in the bottom section of Figure 1 under the respective Interaction phase.

Results. At the center of applications, software, and systems interaction is human — the user.
The reason the interaction process is initiated and instanced is due to the user having a single or
several goals that they wish to accomplish. The interaction systems in the process are just a tool used
by the used to achieve the desired goal. Figure 2 highlights the user-centered interaction loop with a
focus on the interaction processing feedback loop. The interaction activity consists of the user
interface, input, and output processing functions, that send appropriate commands towards the main
System Processor unit.
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Figure 2 — Feedback loop in Ul and Digital Engineering Design Systems

Figure 3 illustrates the Human-Computer Interaction Process with a focus on major users,
functions, and underlying systems. The process is divided into three layers — conceptual programming
functions, applications modules and components, main systems, and data processing units. There are
several types of users who directly or indirectly affect the interaction cycle, user or player directly
influences and interacts with the systems, while the rest of the stakeholder's team is responsible for
the production and maintenance of the deployed application/system. Systems' internal
communication and processing logic can be broken down into two parts — user-centered services and
system internal processing services modules.

Interaction processes happen not in the vacuum space, but rather in a real-world environment.
This is especially true for industrial, medical, and mobile applications. Figure 4 visualizes the context
of use and design impacting factors. Each of the interactive systems should consider usage
environment, time and location, where the device and application can be and will be used. Certain
tasks and interaction activities influence how a user will interact with the given system, which might
add additional constraints and limitations. Differentiating user type and purpose of the system usage
is vital in early system design stages, as certain industries and professional environments place a large
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weight on the end-user goal and step-by-step user-system interaction flow. All of these factors and
more are highlighted in Figures 3 and 4.
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Figure 3 — Human-Computer Interaction Process — Users, Functions and Systems

Interaction processes happen not in the vacuum space, but rather in a real-world environment.
This is especially true for industrial, medical, and mobile applications. Figure 4 visualizes the context
of use and design impacting factors. Each of the interactive systems should consider usage
environment, time and location, where the device and application can be and will be used. Certain
tasks and interaction activities influence how a user will interact with the given system, which might
add additional constraints and limitations. Differentiating user type and purpose of the system usage
is vital in early system design stages, as certain industries and professional environments place a large
weight on the end-user goal and step-by-step user-system interaction flow. All of these factors and
more are highlighted in Figures 3 and 4.
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Table 3 presents six core interaction process phases (stages, steps). Each new interaction loop
starts with the system boot (loading) and concludes with the system shutdown. After the system is
loaded and operational, it loads the appropriate user interface (or similar input-output system) and
enables a user-system interaction interface. The next phase is the user-system interaction loop and
feedback loop, both of them are operating, and loading in parallel. Feedback and interaction can
consist of “n” number steps, which are determined by the user or/and by the system. At each
interaction cycle of the loop, the decision can be made to either move to the next step or get to the
initial system step, or completely shut down the system. The interaction loop stops when the user
decides to stop the interaction and the system saves its state and powers off. With this phase the
interaction loop is complete, and system is disabled or is operating in the background listening to new

input or internal event messages.

Table 3 — Interaction Process

No Interaction phase Systems Components Result
Actors Feedback
1 System boot Power controls Electricity Load the previous state
Direct Interaction Device Load new session
Authentication User Status indicator
2 Load UI GUI Electronic device Enable HCI process
Enable Interaction | Input/Output PC Hardware Controls -> On
functions Application Interface -> Render
Menu/Controls SDK/Libraries Direct/Indirect Ctrls
3..n | Interaction Loop Tasks User System Input Interpretation
General Functionality | Interface system User Task(s) Execution
Enhanced Input Ul
Menu and Navigation
3..n | Feedback Loop Enhanced Output System Event Manager User Feedback
Notification UI Manager System Task(s) Execution,
Event manager Data Manager Scheduling
n Decision making Action Evaluation Application Internal Application
System Planning User Data save/load
Task Manager Job Status Check
n+1 Shutdown System save state Electricity Save State
Power Controls Device Check Special Status
User Status Notification
Data Manager
System Event Manager

The more detailed presentation of phase number 3 can be viewed in Figure 4 — Interaction and
Feedback loops. Two actors interact with the systems during the loop — the user and the computational
(general) system. In the center of the diagram denoted by the yellow rectangles are major system
states. The interaction starts with the user action and the input information/task threads. Each new
action is recorded and currently being processed by the event queue and Event Manager systems.
While the user interacts and waits for the response, computational systems also engage in the
interaction process by firing appropriate response and communications messages. The interaction
process is part of larger server/client applications and database services (listed at the bottom section
of Figure 4).

Algorithm step-by-step for feedback loop design (Figure 4):

1. The user has a goal — and needs to complete the action;

2. System loads and provides appropriate interaction interface;

3. A user interacts with the Ul via micro-interactions, input action can be single or multiple;

4. Event Manager processes actions and makes a queue (in case of multiple user activities or
based on system requirements/architecture);
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5. System loads output — provides feedback based on User Action and Event Manger System
via Communication interface system depends on software and hardware architecture, as well as
specific application and embedded device software;

6. A user reviews feedback or receives notification from the list of output types, he chooses
whether to continue the micro-interaction or stop (or a system event can force a user to stop or
continue);

7. The system stops or moves into hibernation/standby modes.

INTERACTION PROCESS

Wicr nlraction, . ) = ) .
. Event(s) Communication
. —Action User Interaction Input Thread(s) Queue loop —Process Request: Interface 3
/ \ J \

TR equests
Available Actions
USER Number of Input
threads: L < /’
1 /

2 Event Manager
2 ‘ Action ‘ 2

+ metadata: atfribute
Choose from

+ metadata: atfribute List oé E‘vems:
v

+metadata: attribute 1 ER
3

@ -

Gateway Load

— ]

preerey | Feedback [

> <
L Output System
Elements:
Screen

Applicatuon?sarver
Button

Speaker

e
Embedded Device(s)

0s A
Firmware
Device Drivers| <>

Code

Figure 4 — User Interaction — Feedback Systems and States

Discussion. The modern user interface is a very multilayered and complex system. The user
interaction process is no longer limited to simple keyboard types or single-button interactions. There
are a great number of widely available interaction devices and output mediums, mobile phone screens,
VR glasses, gamepads, and game controllers, but the input-output system is not limited to just the
number of devices listed. The user interaction has many steps and stages to it the list of available
interaction activities is also great in number. As discussed, the human-computer interaction goes in
loops, feedback loops to be precise. The essence of the Human-Computer interaction process revolves
around tasks and activities started by the user and processed by the system. The context of use plays
an important role in the interaction cycle, as it provides experienced designers with awareness and
knowledge of the user, when and how the system will be used. The interaction process itself is made
of some steps, components, actors, and systems. Each application has its own interaction and
feedback loop. However, implementation can be done based on the system abstraction and certain
algorithms, such as feedback loop system and algorithm.
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CUCTEMHU KOPUCTYBAJIbHUIIBKOI B3AEMO/III TA 3BOPOTHOI'O 3B'SI3KY B
THTEP®ENCI KOPUCTYBAYA ITPU ITIPOEKTYBAHHI IIU®POBUX CUCTEM

Anomauin. Obracme «Bzaemodis nodunu i xomn'tomepay 6i0nogioae 3a 00CHONCEHHS HOBUX CNOCO0I8 [
B600CKOHANEHHST  ICHYIOUUX — MEXAMIK — «Kopucmyeéauy-komn'iomepy  (kopucmysau-npucmpoi). Ilpoyec  3aemo0ii
Kopucmysaua 3 Komn'romepom 6i00y8acmuvcs YukaiuHo, I 01 KOdcHoi Oii xopucmyeaua abo cepii Ol cucmemu
3abe3neuyioms 6i0N0GIOHUL 360pomHuUll 36'a30Kk. € bazamo uoamHux OOCTIOHUKIE Ma OOCTIOHUYLKUX poOim Y 2ay3i
HCI, oocrioacenv Ul ma inoicenepii 63aemooii. Hanbinow nowupeni po6omu ¢ oonacmi HCI, inmepgheiicy kopucmysaua
i 83aeMO0il yurie 360pomno2o 36'a3ky. Hessasicarouu na me, wjo obnacmo 0ocnioscens HCI ma 63aemodii ne € nosoio,
icHye bazamo cucmem ma MONCIUBOCMEN, KL 3ANUMUIUCS HegUSYeHUMU abo He ompumanu docmamiuvoi yeazu. Ceped
HUX cghepa yugposozo ousaiiny, sAKa 30cepeddicena HA KOMIIEKCHOMY HPOEKMYSAHHI CUCMeMU, W0 6KII0YAE
bazamopazose 00HOUACHE BUKOPUCTNAHHSA, B3AEMOOII0, CKAAOHI B83AEMOOII ma 380pOMHUL 38'I30K 3 KilbKOMA
npucmposmu. Cmamms npucesyena po3esidy aKkmyaibHux nuUmans wooo Cnocid 63aemooii TI0OUHU- KOPUCTYBayd 3
Komn'tomepuumu yugposumu cucmemamu. Y yewmpi 63aemooii 000amis, NpocpamHo2o 3abe3neyenHs i cucmem
3HAX00UMbCA N0OUHA — Kopucmysay. [lpuuuna, no axiu iHiyiloemves i IHCMATIOEMbCA NPoYec 83AEMO0IL, NOAA2AE 8
MOMY, WO KOPUCMY8AY Mae 0OHY abo KinbKa yinel, ikux i xoue oocsemu. Taxa 63aemoois 8i06y8acmubcs, sIK NPAulo,
uepes GIONOGIOHUL inmephetic, KUl Modice OYmu: MEXAHIUHUM, YUPDPOBUM, AHALO206UM, 3 CEHCOPHUM eKPAHOM MOUO.
Icnye kinbka munie Kopucmysauis, SIKi NPIMO YU ONOCEPEOKOBAHO GNAUSAIOMb HA YUK 83AEMOOLL, Kopucmysay abo
2paseyb 6e3nocepeonbo GNIUBAE HA CUCMEMU MA 83AEMOOIE 3 HUMU, MOOi K pewma KOMaHOU 3ayiKaeneHux cmopiu
8I0N06Ii0aE 3a SUPOOHUYMBO MA NIOMPUMKY PO320PHYmMOo20 dodamky/cucmemu. IlegHi 3a60anHs ma axmueHicmb
63a€MO0IT 6NIUBAIOMb HA Me, K KOPUCMYEay 6)y0e 63aEMO0ismu 3 OAHOK CUCMEMOT0, MONCYMb 000a8amu 000aAmKosi
obmedcenns ma obmedcenns. Jugepenyiayis muny KOpUCmysaua ma Memu GUKOPUCTNAHMS CUCEMU € JICUNMESO
BAICIUBOIO HA PAHHIX eMAnax npoeKmy8anHs CUCeMU, OCKIIbKU NeGHI 2aly3i ma npopeciini cepedosunya Haoaioms
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6EIUKO20 3HAYEHHST Memi KIHYe8020 KOPUCTY8aya md HOEmAanHoMy NOMOKY 63AEMOOI] KOPUCmy8aya 3 CUCMEMOIO.
Buympiwnio komynixayito ma 102iKy o6poOKu cucmem MONICHA po30umu Ha 08i YACMUHU — Cepeicl, OPIEHMOBAHI HA
Kopucmysaua, ma Mooyl 6HYMPIWHIX CIysHcO 00pobru cucmemu. s KiHyesoeo Kopucmyeaua 6i0nogioHo20 000amkKy
abo cucmemu 8adCIUSUM € me, K came Oyoe pealizosanuil yeil npoyec 63aemodii. Tobmo, siki Oy0yms 0OCMYNHI OpearHu
Kepy6anHsl, Oii 01 83aEMO0II ma MeXanizMu 360POMHO20 363Ky 6i0 cucmemu 00 Kopucmysauda. Memoou 00CaioHceHHs
6a3ylombcs  HA  20JI06HUX  MEMOOONOIAX Ou3aulHy mad aHAli3y Yuppoeux npooyKmie 3 aKyeHmom Hd
KOPUCMYBATbHUYLKOMY 00C8I0I, OOCHIONCEHHI GUMO2 KOPUCHYBAYI8, KOHMEKCHY GUKOPUCHAHHS 3ACMOCYHKY md
NPeOCmagientst Menio 63aeMo0il 3 yupposum cepgicom. Y cmammi npedcmasieno pe3yibmamu 0emaibHo20 ONUcy ma
MOOEMOBAHHS. 20I06HO20 NPOYeCy G3aeMOOIl KOPUCMY8aud i3 CUCMEMOI0 360POMHO20 36'3KY (YUKIIuHULL npoyec).
Bpaxosano konmexcm eukopucmanisi 3aCIMOCYHKY, 20I06HL 6AXNCAHHSL Ma YL KOPUCMY8aya npu 63aemMo0ii, a maKoic
munu 00CMYRHUX 8apianmie 63aemo0ii 3 inmepaxmugnoto cucmemoro. Ilpedcmasnenuil y pobomi cemu-KpoKosuii npoyec
KOPUCMYBATbHUYBKOI 83A€MOOII 8KTI0UAE 6 ceDe OYHKYIL, OaHi, npoepammi cucmemuy ma Mooy, 6i0n068iOHy apXimeKmypy
NPOSPAMHO20 MA ANAPAMHO20 3a0e3neyents ma Memoou 6Hympiunboi KOMYHIiKayii misic pynxyismu yuxny. Pospobieno
npoyec inmepakmugHoi 63a€mo0ii, AKULL ONUCYE NOBHULL YUK 810 NOYAMKY 00 3d8epuleHHst poOOmu Kopucmyesaya 3 6yob-
AKUM  YUPPOBUM, AHANO2068UM, OOUUCTIOBATLHUM — NPUCMPOEM, 000amKoM, cepgicom. Taxuii npoyec ModiCHA
BUKOPUCMOBYSAMU  OU3AUHEPAM, PO3POOHUKAM NPOSPAMHOL0 3A0E3NeYen s, MeXHiYHUX 3ac00i6 Ha emani NiAHYEAHHS
HOB01 iIHmepakmueHoi cucmemu abo YOOCKOHANEHHSL ICHYIOUOL.
Knrouosi cnosa: HCI, inmepgetic kopucmysaua, Komn'iomepHa iHiceHepis, NPpOeKmy8anHs, OU3aUH.
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