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DATA VISUALISATION AS A TOOL FOR ENHANCING
THE INFORMATIVE VALUE OF MONITORING STUDIES
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Abstract. This article examines the critical role of data visualization in monitoring and
analysing the implementation of education reform in Ukraine. It provides an in-depth
exploration of how modern visualization tools enhance the effectiveness of monitoring
studies related to educational reforms. Specifically, the study investigates advanced table-
generation technologies, such as Google Sheets and Duet Al by Google, alongside data
visualization tools, including artificial intelligence-based solutions. The material presents
contemporary data visualization platforms, such as Tableau, Microsoft Power BI, and Google
Charts, which enable interactive data analysis, the construction of charts, graphs, maps, and
dashboards, and the identification of trends and patterns to support informed decision-
making. Furthermore, the study emphasizes the significance of SPSS (Statistical Package for
the Social Sciences) as a widely used statistical software for data analysis in social, medical,
economic, and other research domains. SPSS facilitates the processing of large datasets,
statistical computations, and visualization generation, making it a key tool for preparing
monitoring reports in the education sector. Additionally, the article illustrates the application
of data visualization methods in a monitoring study on the implementation of the New
Ukrainian School (NUS) reform, conducted by the State Scientific Institution "Institute of
Educational Analytics". The findings highlight the importance of modern data visualization
techniques in analytical reports based on monitoring studies. Accurate and timely data
representation enhances evidence-based decision-making, improves communication among
stakeholders involved in the reform process, and enables prompt responses to emerging
challenges. As a result, data visualization serves as a fundamental element in optimizing
educational management, contributing to the effective implementation and long-term
sustainability of the NUS reform.
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In today's environment, reforming
secondary education is a prerequisite
for modernising the education sector;
improving the quality of educational
services, creating a safe educational
environment and integrating Ukraine's
education system into the European
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Education Area. The implementation
of the New Ukrainian School (NUS)
reform is one of the most important
educational initiatives in Ukraine, aimed
at creating a modern education system
that meets the requirements of the
times and promotes the comprehensive
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development of learners. The main
objectives of the NUS reform are to pro-
vide pupils with the necessary skills
and competences for their future lives,
to educate learners as innovators and
citizens and to apply the pedagogy of
partnership, i.e. cooperation between
teachers, pupils and pupils’ parents. The
success of this reform depends on the
clear and consistent implementation of
changes at all levels of the educational
process. This requires constant moni-
toring of various aspects of the reform,
including the quality of education,
teacher training, learning environment
and learner achievement.

One key tool for effectively
tracking change implementation is
establishing feedback from reform
participants through monitoring. A
monitoring study should be conducted
at regular intervals to record changes'
dynamics. The results of monitoring
are presented in the form of analytical
reports. Such reports are generated by
tabulating and visualising data based on
the arrays of respondents' answers.

Building tables for visual represen-
tation of data in research is an important
stage of information processing, as
tables provide a structured and com-
pact way to present results. The main
features of table design include a clear
definition of headings that reflect the
essence of the indicators, adherence
to common units of measurement
for correct comparison of data, and
a logical sequence of information
presentation [1]. Data in tables should
be organised in a way that facilitates
their perception and analysis; tables
are often accompanied by additional
explanations or footnotes to clarify the
values of indicators or methods of their
calculation. The utilization of tables

enhances data visibility and facilitates
a comprehensive overview of general
trends and interrelationships among
indicators. This structured presentation
is crucial for deriving accurate and well-
founded conclusions in scientific studies
[2].

Tables serve as a foundational tool
for visualizing data through graphs
and charts, enabling the representation
of complex datasets in a structured
and comprehensible manner. This
approach enhances data interpretation,
facilitates analytical processes, and
supports informed decision-making.
Due to visualisation, the educational
community, government agencies and
the public can get a clear picture of the
progress of the reform and its impact
on the participants in the educational
process [3].

The problem of data visualisation
was considered in the scientific works of
C. Cantini, C. Chellini, M. Teresa Sagri [4],
V. P. Mulyar, Y. A. Boyko, etc. In particular,
V. P. Mulyar considers the theoretical
foundations of data visualisation and
infographics, the issues of building
charts and graphs in Google Sheets
and Google Analytics. The author also
defined the basics of data visualisation
in Google Data Studio and Microsoft
Power BI [1]. In the works of Y. A. Boyko,
the features of analytical tools R, SAS
and SPSS are defined [5].

The purpose of this paper is
to identify existing approaches to
data visualisation and to justify the
importance of using the latest methods
of visual presentation of results when
generating analytical reports on the
results of monitoring studies of the NUS
reform.

Data visualisation is one of the key
elements of modern scientific research
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that contributes to the understanding
of complex phenomena and processes.
It enables the effective presentation
of large amounts of information,
making it more accessible for analysis,
interpretation and communication. With
its ability to integrate multidimensional
data into an easy-to-understand
graphical format, visualisation helps to
identify trends, discover patterns and
formulate hypotheses.

The key principles of data visualisa-
tion are as follows [6]:

- aconcise approach to texts, images,
graphs;

- avoidance of information distortion;

- comparison of data on one graph
or chart;

- choosing an adequate visualisation
method (type);

- logical order of data presentation.

The field of data visualisation is
constantly evolving to meet the challen-
ges of the digital age. Innovative techno-
logies, such as interactive platforms,
three-dimensional graphics and artificial
intelligence, provide new approaches to

presenting information. For example,
the use of machine learning algorithms
allows data to be automatically
structured and the best ways to present
it visually.

In addition, methods of personalising
visualisations are being improved,
enabling graphs to be customised to
meet the needs of specific user groups.
This permits scientists to communicate
more effectively with other disciplines
and stakeholders, which enhances
interdisciplinary  collaboration and
promotes informed decision-making.

Today, there is a wide range of data
visualisation tools that are constantly
improving and offering new features.
Some of the most notable examples
include (Table):

Tables are the fundamental basis
for creating visualised materials.
The tabular format is an effective
method of visualising the results of a
monitoring study. For example, in an
analytical report, this data visualisation
format is used to present information
about groups, the number of survey

Table

Features of the leading data visualising tools

Tableau

A leading business intelligence and data visualisation platform that transforms complex
information into understandable and interactive visual representations. It is designed to quickly
analyse data and create charts, graphs, maps and dashboards to help users identify trends,
patterns and make informed decisions. Tableau is also used in science and education to visualise
research data and create educational materials.

Microsoft
Power BI

Itisamodern business intelligence platform that enables the interactive analysis and visualisation
of data, and the creation of dashboards and reports that provide useful information for informed
decision-making. It's part of the Microsoft system and integrates with many other products
including Excel, Azure, SharePoint and Microsoft Teams. Power BI integrates with Excel, Teams,
and Dynamics 365, facilitating organisations to combine data from multiple sources into a single
platform, which is particularly effective for educational research.

Google
Charts

It is a free web tool for creating interactive data visualisations that works on the basis of
JavaScript and HTMLS. It permits developers to integrate graphs and charts into web applications
or websites, providing flexibility in design and interactivity. Due to its ease of use and integration
with other Google products, Google Charts is a popular choice for data presentation. In the
education sector, this tool is used to visualise statistical data and create interactive learning
materials.

Created by the author according to the data: [7].
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participants by region, and their charac-
teristics.

Modern spreadsheet tools are
constantly evolving, offering users
new features and simplifying data
management. The latest solutions
include the following:

- Google Sheetsisan online spreadsheet
tool that is part of the Google Workspace
system. [t enables users to create spread-
sheets, analyse data, collaborate in real-
time, and integrate spreadsheets with
other Google services such as Google
Drive, Google Forms and Google Analytics.

- Duet Al by Google is an innovative
artificial intelligence technology integrated
into Google Workspace services. It is
designed to increase productivity and
simplify the work with documents,
spreadsheets, presentations and other
tools by offering intelligent assistance
to users. Thanks to its generative Al
capabilities, Duet Al automates routine
tasks, improves collaboration, and helps
you gain new insights [8].

The tabular materials are compiled
on the basis of the processed data set,
based on the results of the respondents’
questionnaire. The processing of the
data set includes checking the relevance
of the data, coding it and, if necessary,
weighting it. For this purpose, certain
software packages are used, such as
SPSS (Statistical Package for the Social
Sciences).

SPSS is a data analysis software
tool used in social, medical, economic
and other research fields. It allows for
the easy processing of data sets, the
performance of statistical calculations
and the creation of visualisations. SPSS
supports a wide range of file formats,
including Excel (.xls, .xlsx), CSV, text files,
SQL databases, and SPSS's own save
format (.sav). SPSS is a robust statistical

software designed for handling large
datasets, facilitating comprehensive
analyses, and extracting meaningful
insights essential for data-driven
decision-making [5].

The main stages of processing a data
set in SPSS include:

1. Data import. Data are imported
in the form of tables, where rows are
observations and columns are variables.

2. Data preparation. Coding of
variables: assigning numerical codes to
categories (e.g., 1 for male, 2 for female).
Checking for missing values: SPSS
can detect and handle missing data,
such as replacing them with averages.
Transforming variables: calculating new
variables, recoding data, standardising.

3. Descriptive statistics. SPSS offers
a wide range of tools for calculating
basic characteristics of a data set, such
as mean, median, mode, standard
deviation, minimum and maximum
values. This helps to get a general idea
of the data distribution.

4. Statistical analysis. SPSS supports
various methods of analysis: correlation
analysis  (identifying  relationships
between variables); regression analysis
(estimating the dependence of the
outcome variable on the factors); analysis
of variation (determining differences
between groups); factor analysis
(reducing the number of variables and
searching for latent factors); analysis of
variance (identifying variability in data).

5. Data visualisation SPSS offers a
wide range of graphical tools: bar charts,
pie charts, boxplots, scatterplots. These
graphs help to visualise the results of the
analysis and facilitate data interpretation.

6. Interpretation of results. After
performing the analysis, SPSS generates
reports in the form of tables and graphs.
Users can view the results through the
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software interface or export them to
formats such as Word, Excel, or PDF.

7.Data export. The processed data can
be saved in various formats for further
use. SPSS also supports integration with
other applications, which makes it easy
to transfer data between tools [5].

In general, data visualisation is an
integral part of research. With the help
of visualisation processes, researchers
improve their ability to visually track
changes in phenomena over time.
Presenting information in a visual form
with the help of graphs, charts and other
images permits for a more accurate
description of the results obtained, as
well as identifying and tracking the
most important trends.

Information  visualization  tools
facilitate the effective communication
of large datasets by presenting data
in a clear and structured manner.
Key visualization techniques include
graphs (e.g., line, bar, pie), charts, heat
maps, diagrams, and infographics, each
offering distinct analytical capabilities.
For instance, line graphs effectively
illustrate temporal trends, whereas
pie charts are suited for representing
proportional relationships. Heat maps
enable the rapid identification of areas
with the highest concentration of specific
indicators, making them particularly
valuable in multivariate analyses. The
selection of an appropriate visualization
method should be guided by the nature
of the data, the objectives of the study,
and the informational needs of the
target audience, thereby ensuring the
accurate representation of findings and
facilitating their interpretation.

Therefore, data visualisation in the
context of monitoring studies plays a
key role, as it enables to quickly and
clearly convey information about

changes, deviations or trends in the
studied indicators. We can consider
visualisation processes on the example
of monitoring studies of the New
Ukrainian School reform.

Since 2019, the implementation of
the principles of the New Ukrainian
School (NUS) [9] has been monitored
through a nationwide monitoring study
among participants in the educational
process - principals, teachers, head
teachers and pupils’ parents. The survey
of these groups is conducted using the
Google Forms platform.

In the course of monitoring studies
of the NUS reform, issues related to
data visualisation were considered [10].
Among them:

- analysis of the role of data visuali-
sation in the process of monitoring
educational reforms, including the New
Ukrainian School reform;

- identifying the main methods of
data visualisation that contribute to
improving decision-making in the
education sector;

- evaluating the effectiveness of
various data visualisation tools in the
context of monitoring the implementation
of educational innovations;

- to develop proposals for improving
the use of data visualisation to ensure
transparency and improve the quality of
monitoring of the reform process;

- to formulate practical recommen-
dations for education managers on
the use of data visualisation tools in
the practice of monitoring educational
reforms.

The results obtained from the survey
are processed using statistical software,
and the data are then visualised.

In general, the main methods of data
visualisation used in monitoring studies
include:
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- line graphs: used to illustrate the
dynamics of changes in indicators over
time, such as tracking changes in the level
of material and technical support for NUS
classrooms;

- bar and pie charts: these facilitate
the comparison of indicator values across
different categories or time periods;

- heatmaps: used to show the intensity
of phenomena in either a spatial or
temporal context, such as tracking the
number of internally displaced learners
or teachers;

- dashboards: interactive platforms
that integrate different types of graphs
and tables to provide quick access to key
information;

- geospatial maps: used to monitor
geographically related processes, such
as educational institutions opening or
closing.

To generate reports on the results
of monitoring studies of the NUS
implementation, illustrative elements
created in Microsoft Office Excel are
predominantly used, with histograms
being the primary tool for visualizing
the findings.

A histogram is a certain ordered
sequence of columns, each of which
corresponds to a digit interval, and its
height reflects the number of cases
or frequencies in this digit [11]. A
histogram shows the distribution of
values in a set of objects.

Specialist of the highest category
Specialist of category | 16,4
Specialist of category Il 11,9
Specialist 9,8

For example, histograms can be
provided from the monitoring study of
the implementation of the NUS reform
in pilot educational institutions (basic
schools), conducted by the SSI "Institute
of Educational Analytics” in 2023, can
be provided [12]. In this case, the
answers of the participants regarding the
qualification category were presented
in a horizontal chart without grouping
(Fig. 1).

Fig. 1 presents a horizontal chart
showing the percentage distribution
of survey participants by qualification
category. By sorting, it is possible to
immediately and clearly identify the
smallest and largest shares of respon-
dents, along with their corresponding
qualification categories.

A similar visualisation method
is used for simple distributions of
responses to questions in the socio-
demographic block (age, gender, length
of service, qualification category, etc.), as
well as in the methodological, logistical,
and other blocks.

Grouping histograms are used by
researchers when grouping different
respondent groups based on the same set
of questions. For example, if a monitoring
study involves principals, teachers from
pilot schools, pupils’ parents and NUS
coordinators, grouping histograms can
be used to show the age breakdown of
survey participants (Fig. 2).

Fig. 1. Distribution of survey participants by qualification category, %

Constructed by the author based on: [12].
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62,3

Up to 30 years 31-40 years

NUS coordinators
H Teachers of 6th grade classes

41-50 years

51-60 years More than 60 years

Principals

B Parents of 6th grade classes learners

Fig. 2. Distribution of survey participants by age, %

Constructed by the author based on: [12].

In a similar way, it becomes possible
to visually show the percentage of
respondents by gender (Fig. 3).

Histograms are a clear example of
the distribution of values within a set of
objects. Histograms are always plotted
starting from zero, with the horizontal
axis representing the values and the
vertical axis showing how many objects
in the set correspond to each value.
Grouping facilitates for comparing the
proportion of respondents in each group.

Horizontal histograms with group-
ing are also a common method of visua-

lising data in analytical reports of NUS
implementation monitoring studies.
They permit a clear visual representation
of the distribution of objects by respective
groups or percentage distribution.

Such histograms effectively pre-
sent information with detailed text
alternatives. Examples of such diagrams
include the distribution of responses
by the names of methodological mate-
rials used by teachers in pilot classes,
resources and sources used by NUS
coordinators (Fig. 4), the names of
available material and technical support,

95,2
90,8

82,0
74,0
26,0
18,0
9,2
I i
Male Female
NUS coordinators Principals

W Teachers of 6th grade classes

W Parents of 6th grade classes learners

Fig. 3. Distribution of survey participants by gender, %

Constructed by the author based on: [12].
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Websites of official institutions (Ministry of
Education and Science of Ukraine ets.)

Digital resourses/information portals of civil society organisations
dealing with New Ukrainian school reform issues

Webinars with New Ukrainian school
experts/trainers

Direct communication with colleagues during faceto-
face and online meetings

Interaction in network chats of New Ukrainian
school coordinators

Profeccional development courses

Consultations with experts of theReform Support Team
of the Ministry of Education and Science of Ukraine

84,0

43,3

Fig. 4. Distribution of responses of NUS coordinators regarding resources/sources with
up-to-date information that they most often use to support their coordination activities, %

Constructed by the author based on: [12].

and the level of damage to educational
institutions during the full-scale war etc.
(Fig. 5).

Fig. 4 shows a horizontal bar chart
without grouping, which, through the
proportional arrangement of alternative
names, clearly illustrates the resources
used by the NUS coordinators with
detailed text labels.

Fig. 5 shows a grouped histogram de-
picting information about the condition

of educational institutions as a result of
hostilities, based on responses from two
groups of participants: principals and
6th grade teachers. This visualization
enables a comparison of answers to the
same question from different respon-
dent groups and enables an analysis of
the results.

These types of diagrams are the most
common form of data visualisation used
in preparing analytical reports on the

90,7

Ml EBX

3,1
Damaged - 76

2,6
Damaged, but already restored . 31

0,7
Destroyed, can be restored I 15

7

| do not know anything about institution status 0.0

Teachers of 6th grade classes
M Principals

Fig. 5. Distribution of survey participants by answers about the status
of the educational institution, %

Constructed by the author based on: [12].
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results of monitoring studies related to
the implementation of the NUS reform.
When conducting monitoring studies on
the implementation of the NUS reform,
an important aspect is the correct
visual presentation of the results. This
is possible through various methods of
data visualisation.

The visual presentation of informa-
tion derived from monitoring studies
serves as a crucial tool for enhancing
the comprehension and analysis of
large datasets. The use of graphs, charts,
maps, and other visual elements facili-
tates the effective demonstration of
dynamic changes, the identification of
trends, and the exploration of relation-
ships between variables, which may be
less discernible in textual or tabular for-
mats. This approach not only improves
data interpretation but also contributes
to a more systematic and insightful ana-
lysis of the study findings.

Effective visualization enhances the
comprehension of research findings
among both specialists and a broader
audience with varying levels of exper-
tise. Moreover, visual tools facilitate the
rapid identification of trends, anoma-
lies, and deviations in the monitored
processes, thereby improving the ef-
ficiency of data-driven decision-mak-
ing and enabling a timely response to
emerging issues.
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BIBYAJIIBALIA JAHUX AK IHCTPYMEHT
NIABUILNEHHA IHOPOPMATHUBHOCTI MOHITOPMHIOBUX
AOCTIAKEHDb AKOCTI OCBITH

AHomayis. Y cmammi nidkpecaeHo sadxcausy posb eizyaaizayii daHux y MoHimopuHay ma
aHa.i3i enposadiceHHs1 oceimHboi peghopmu 8 Ykpaini. [IokazaHo, ik BUKOPUCMAHHS cyydac-
HUX [HcmpymeHnmie gi3yasizayii nidsuujye egpekmusHicms MOHIMopuHa08ux A0CAi0NHCEHD,
noe’s3aHux 3 oceimuimu pegpopmamu. 30kpema, HagedeHo nepesazu nepedosuUx MexXHON02ill
cmeopeHHs mabauys, makux sik Google Sheets i Duet Al gid Google, a makooi iHcmpymeHmia
sisyanizayii daHux, 8KAH4AOYU piWleHHs Ha OCHO8I Wmy4Ho20 iHmeaekmy. ¥ cmammi pos-
2/151Hymo cyvacHi naamgopmu gizyanizayii danux, sk-om Tableau, Microsoft Power Bl ma
Google Charts, wjo daromb 3Mo2y npogodumu iHmepakmueHuil aHaAis iHgpopmayii, 6ydysa-
mu diazpamu, 2pagiku, cmeoprosamu kapmu U dawb6opdu, a Makoxc 8us18A1mu meHoeHyii
ma 3akoHomipHocmi 045 npuliHamms o6rpyHmosaHux piweHs. Okpim mozo, asmop nio-
Kpec/I0€ 8axcAU8iCMb WUPOKO 8UKOPUCMOBY8AHO20 CMAMUCMUYHO20 NPO2PAMHO20 3a6e3-
neuvenHs SPSS (Statistical Package for the Social Sciences) 015 aHani3y daHux y coyianbHitl,
MeOQUYHIll, eKOHOMI4HIl ma HWux 2any3sax docaioxceHs. SPSS nosnezuiye 06pobKy senukux
macusie daHux, Npo8edeHHs cmamucmuyHUX po3paxyHKie i cmeopeHHs gi3yasizayill, wo
pobums tio20 KAH408UM IHCMPYMEHMOM Ni020mo8KU MOHIMOPUH208UX 38imi6 8 0C8IMHbO-
My cekmopi. Takoxc y cmammi npointocmposaHo 3acmocysaHHs Memodie 8izya.izayii da-
HUX HA Npukaadi MOHIMopuH208020 00CAI0HCeHHS 8nposadiiceHHs pepopmu Hoeoi ykpaiH-
cvkoi wkoau (HYII), sukoHaHoz2o /JlepicasHo HAYKOB0w ycmaHosow «IHcmumym ocgim-
HboI aHaaimuku». Pe3ynsmamu docaidxceHHs 3aceidvuau egheKkmusHicms 8UKOPUCMAHHSA
cy4acHux memodie gizyanizayii daHux 8 aHaAimu4HUX 38imax 3a pesyabmamamu MOHIimo-
puHaosux docaidixiceHb. Addce mouHe Ui ceoeuacHe HA0aHHA iHgopmayii cnpusie nputiHammrio
06rpyHMOBAHUX piuleHb, NOAINUWYE KOMYHIKAYIH MiXC 3ayiKageHuUMuU CmopoHamu, 3aayve-
HuMmu do npoyecy pedpopmys8aHHs, ma dae 3Mo2y onepamusHo peazyeamu Ha 8UKAUKU, WO
suHukaroms. Takum YUHoM, 8i3yanizayis daHux sucmynae yHoamMeHma bHUM e1eMeHMmoM
onmumizayii ynpasaiHHs 0ceimoro, chpusitovu ycniwlHoMy 8nposaodxceHH ma do82ocmpo-
Kosill eppekmusHocmi pegpopmu HYIII

Kamwuoei caosa: sisyanizayia daHux, Hoea ykpaincvka wkoa, MOHimopuHzoge docnidiceH-
Hsl, 3020/16HA cepedHs1 0c8ima, oceimus pegopma.
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