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Lectures (L) / projects (P) in English:

 Agrochemicals and plant health products (L)
 Environment protection (L)
 Environment impact (L)
 Research methodology (P)
 The latest research directions in chemical engineering (L)

Courses in Polish:

 Ecotoxicology (LAB)
 Development trends in chemical technology (L)
 Statistical methods for the results evaluation (P)

Supervisor of:

 Engineering students
 Master's students
 Erasmus students
 PhD students
 Interns



It is estimated that about 1800 different brown macroalgae (Phaeophyceae), 1800 green 
macroalgae (Chlorophycaeae) and 6200 red macroalgae (Rhodophyceae)

are found in the marine environment.

Encyclopedia 2021, 1(1), 177-188; https://doi.org/10.3390/encyclopedia1010017

Valorization of waste 
biomass

(especially seaweed biomass)
into valuable products for 

modern agriculture 
and environmental 

protection. 



Photo W. Jakubowski/KFP

 Large quantities mainly of green seaweeds,
resulting from the eutrophication, are cast
ashore on the beaches of Baltic Sea

 There is a necessity to collect this biomass
and dispose in a cost-effective and
environmental-friendly method

Baltic Sea
Gulf of Gdańsk
Sopot (Poland)

Midfield pond – Tomaszówek (Poland)

 Nowadays, macroalge (seaweeds /
freshwater macroalgae) used for
agriculture purposes are mainly
based on the collected wild biomass

 In some cases, this is a „win-win
solution”



Photo: N. Bourgougnon; http://news.bbc.co.uk/earth/hi/earth_news/newsid_8026000/8026847.stm; https://www.wlrn.org/environment/2023-04-04/seaweed-mass-expands-reaches-record-tonnage-
messy-florida-beaches-inevitable; https://www.theguardian.com/world/2025/jun/03/caribbean-sargassum-seaweed



Pharmaceuticals
Nutraceuticals

Hydrocolloids

Food

Bioremediation /
Wastewater 
treatment

Feed
Agriculture 
(fertilizers / 

biostimulants)

Energy and fuel

Macroalgae

Marine Bioenergy: Trends and Developments; DOI: 10.1201/b18494-16



Biochar

Extraction

Organic  
fertilizer

Soil additive / 
biosorbent

(Bio)sorbent

Contaminated 
water and soil

Seaweed 
extract

Post-
extraction 

residue

Nanoparticles
Bio-

synthesis

Foliar 
fertilizer

Biostimulant 
of plant 
growth

Soil additive

Drying / Grinding

Compost

You should like your research topic, then it becomes a passion !!!



Technology of feed additives from seaweeds enriched with
microelements via biosorption and bioaccumulation method

(20.04.2009-26.02.2010)

Biologically active compounds in extracts from Baltic seaweeds
(04.02.2013-03.02.2016)

Innovative technology of seaweed extracts – components of
fertilizers, feed and cosmetics

(11.11.2012-31.05.2016)

The effect of bioactive algae enriched by biosorption on the certain minerals such
as Cr(III), Mg(II) and Mn(II) on the status of glucose in the course of metabolic

syndrome horses. Evaluation in vitro and in vivo (01.04.2016-14.06.2021)

NCN
2015/18/E/NZ9/00607

MNiSW
N N209 146136 

NCN
2012/05/D/ST5/03379

NCBiR
PBS/1/A1/2/2012

Eco-friendly technologies for the management of seaweed biomass for products
useful for sustainable agriculture and biosorbents used for the removal of heavy

metal ions from the environment (18.02.2020-17.02.2024)

NCN
2019/33/B/NZ9/01844

Research topics are very important because they enable obtaining funding for research !!!



Aim of the course:

How to plan research1

2

3

How to present research methodology

How to prepare a thesis proposal /
How to effectively write a scientific paper



Duration of classes:
 One hour = 45 min
 A break of 15 minutes should be taken after every 45 minutes

3-hours classes (90 min + 45 min):
9:00-9:45-10:30 → 15 minutes break → 10:45-11:30

2-hours classes (90 min):
9:00-9:45-10:30



Research process – Step 1

1. Formulating the research problem / Identifying a research topic
2. Finding background information / Extensive literature survey (systematic tracking of

scientific literature; creating search queries; current databases – Web of Knowledge,
Scopus, Google Scholar, etc.)

3. Developing the research hypothesis
4. Preparing the research design (approach / methodology)
5. Collecting the research data / Variables and their types (basic elements of statistical

analysis)
6. Analysis of data
7. Hypothesis testing
8. Interpretation of data / Findings and drawing conclusions



Research process – Step 2

1. Methods of presenting results (figures, tables, drawings, photos, etc.)
2. Preparing of the report / thesis
3. Writing of scientific publication:

 Discussion of the structure of a research publication (Instructions for authors) /
Different publication templates depending on the publisher

 Abstract writing strategies / Preparing a graphic abstract
 Preparing a Cover Letter
 Discussing the publication submission system / Selecting the most appropriate

journal
 Corresponding with editors and responding to questions from reviewers and the

editor



Report – Research Methodology & Scientific Writing MOOC – Unite!Energy

1. Name and surname
2. E-mail address
3. University name
4. Scientific profiles – if applicable
5. PhD title / Proposed PhD title
6. Summary of planned research (500 words)
7. Graphical abstract presenting the topic of the PhD thesis
8. Keywords (5-7)
9. What is the research hypothesis put forward in the doctoral dissertation?
10. What is (or could be) the „bottleneck” in your research and why?
11. List of 3-5 best journals in the research area of the doctoral dissertation (e.g., with the highest

Impact Factor and Category quartile, briefly justify)
12. List of the 5-10 best scientific papers in the research area of the doctoral dissertation (number

of citations)
13. The best scientific publication you have read so far and motivate shortly your choice
14. The worst scientific publication you have read so far and motivate shortly your choice
15. List 3 patents (patent number) that are similar to the topic of the doctoral dissertation
16. Data on the researchers (2-3) and their affiliations where would you like to do an internship

(briefly justify)
Deadline: 31 October 2025 E-mail: izabela.michalak@pwr.edu.pl



© Eyematrix - Fotolia.com



Research methods may be understood as
all methods / techniques that are used for
conduction of research.

Research methodology is a way to
systematically solve the research
problem



 The researcher must decide the general area of interest or aspect of a subject
matter that he would like to inquire into and then research problem should be
formulated.
 The innovativeness of research should be pointed out
 A gap in scientific research should be pointed out
 If you are solving an existing problem, you should show the advantages of your

solution /method / approach in comparison to previous works of other researchers

 Once the problem is formulated the researcher should undertake extensive
literature survey connected with the problem and patent database review – „patent
purity”

 The literature search in databases should result in the collection of valuable
publications (pdf files) of high scientific quality.

Research Methodology: Tools and Techniques, © Bridge Center, 2015

Then, the source of publications related to the research topic we are dealing with may be
citations / references in these publications.
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General note:
When citing publications /
book chapters, regardless
of the type of work
(publication, doctoral thesis,
report, etc.), the citation
style should be unified.





(Plant growth biostimulant – Polish patent)

(Short description)

Application number

Application date

Application title Applicant

ValidCurrent status





 Espacenet – an international database of patent documents maintained by the EPO
(European Patent Office): https://worldwide.espacenet.com/

 PATENTSCOPE – an international database of patent documents maintained by
WIPO (World Intellectual Property Organization, an organization established under
the Stockholm Convention in 1967 to promote industrial and intellectual property
matters): https://www.wipo.int/en/web/patentscope

 Google Patents – an international database of patent documents maintained by
Google: https://patents.google.com/advanced

 USPTO – an international database of patent documents maintained by United
States Patent and Trademark Office: https://www.uspto.gov/patents/search/patent-
public-search



 Library account – https://biblioteka.pwr.edu.pl/en/
 Web of Science
 Scopus
 PubMed
 Google Scholar
 ResearchGate
 Loop (Frontiers)
 SciProfiles (MDPI)
 …



Mendeley –
Reference 

Management 
Software



Publishers in alphabetical order







If we want to narrow down the topics
of the publications we are searching for

Hot Papers
are papers 

published in the last 
two years that are 
receiving citations 

quickly after 
publication.

These papers have 
been cited enough 
times in the most 
recent bimonthly 
period to place 

them in the top 0.1% 
when compared to 
papers in the same 
field and added to 
the database in the 

same period.

Highly Cited 
Papers

are papers that 
perform in the top 
1% based on the 

number of citations 
received when 

compared to other 
papers published in 

the same field in 
the same year.





https://www.chemistryviews.org/details/ezine/747517/Factors_Behind_the_Impact/

The Journal Impact Factor 
– is a metric developed by 

Clarivate Analytics to 
measure a journal's 
relative importance 

within its field.

Name and surname – full and short version – this is the correct version (sometimes
it is difficult to distinguish which is the name and which is the surname, and errors
occur in citations of publications)

Michalak I. / Izabela M.



https://support.clarivate.com/ScientificandAcademicResearch/s/article/Journal-Citation-Reports-Quartile-
rankings-and-other-metrics?language=en_US

Example when Journals are sorted by impact factor:
If a Journal is rank 78 out of 314 in a category, then:
Z = 78 / 314 = 0.248 which is a Q1 journal

Z is defined as Z = X / Y

where:
X – is the journal rank in category 
Y – is the number of journals in the category



Looking for
experts



Checking how the number of publications
on a given topic increases over the years.



Number of papers on 
biosorption with:

a “biosorption” word in 
the topic of publication

b different “key words” in 
the topic

c different “key words” in 
the topic: type of sorbate

d different “key words” in 
the topic: type of
biosorbent

Appl Biochem Biotechnol (2013) 170:1389–1416; DOI 10.1007/s12010-013-0269-0



Figure 1 presents several articles that concern the potential application of seaweed biochar in
different areas.
For this purpose, the following keywords regarding the topic of the publication were searched in
the Web of Science database:
“seaweed biochar” and – “soil amelioration”
“seaweed biochar” and – “wastewater remediation”
“seaweed biochar” and – “soil remediation”
“seaweed biochar” and – “carbon sequestration”
“seaweed biochar” and – “catalyst”

Figure 1. The number of publications that concerned potential applications of seaweed biochar
(own source; according to the Web of Science database, 7 March 2025)



Seaweed biomass is very popular for removing heavy metal ions from wastewater.
Figure 2 presents the number of publications, concerning the biosorption of heavy metal ions by
seaweed.
For this purpose, the following keywords were searched in the Web of Science database on the
topic of the publication:
“biosorption by seaweed” and “coper”;
“biosorption by seaweed” and “cadmium”, etc.

Figure 2. The number of publications that concern
potential applications of seaweed biochar
(own source; according to the Web of Science
database, 11 March 2025)



A very important database – when assessing the scientific
achievements of scientists, data from this database is often
taken into account – it is worth being registered here.
Author indicators are higher in the Scopus database than in the
Web of Science database because it also includes book
chapters.

The h-index is a quantitative metric based on analysis of publication data using publications and citations to
provide “an estimate of the importance, significance, and broad impact of a scientist’s cumulative research
contributions.”

An h-index of 10 means that among all
publications by one author, 10 of these
publications have received at least 10
citations each.
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Authors search for
Izabela Michalak

The ORCID number
is crucial as it allows
for distinguishing
authors with the
same name and
surname.

It's worth registering
to have your own
number



ORCID number – once you click, you will be redirected to the ORCID database 







Publication

Publication

Book chapter



You can
easily ask for 
a publication



 it is worth spending time reviewing publications related to a given research topic (do
it yourself)

 you will become familiar with the structure of a scientific publication and scientific
language

 you should be critical of the publications you read – unfortunately, due to the number
of publications currently published, there may be publications of poor scientific quality
(quantity vs. quality)

 publications (Materials and Methods section) may describe the use of new research
techniques that you do not have in your laboratory, but may be useful in solving your
research problem – this may be a motivation to start new scientific cooperation

 pay attention to the authors of the publications and their scientific achievements –
they may be potential reviewers of your publications (when submitting a
publication to a journal, you should usually suggest several reviewers, but this does
not mean that they will be selected)

 pay attention to the affiliation of the authors of the publication – which research unit
deals with a given topic – this may be a potential place for a research internship
(after obtaining funding)



A statistical hypothesis 
–

is an assumption about a 
population parameter. 

A parameter is a 
measurable characteristic 

of a population.

This assumption may or 
may not be true. 



After extensive literature survey, researcher should state in clear terms the hypothesis /
hypotheses or research questions.
 In some disciplines, the hypothesis is called a “thesis statement”

Research Methodology: Tools and Techniques, © Bridge Center, 2015

 If a hypothesis is put forward in the prepared study, at the end of this study there
should be a verification of this hypothesis – whether it has been confirmed /
accepted or rejected.

Research questionResearch hypothesis

Example: The addition of biochar to the 
soil increases wheat yield compared to 
soil without biochar.

Example: Will the addition of biochar to 
the soil increase wheat yield compared to 
soil without biochar?



https://libguides.leedsbeckett.ac.uk/skills-for-learning/research-skills/research-design

Research design is the framework of research methods and techniques chosen by a
researcher.
 Good research design enables you to obtain appropriate evidence to address the

research problem effectively.

Research methods are systematic processes / strategies and techniques (instruments
– measurements) for collecting and analyzing data to answer research questions and
test hypotheses.

They are categorized broadly into:
 quantitative (using numerical data and statistics),
 qualitative (focusing on descriptive, non-numerical data),
 and mixed methods (combining both).

Common quantitative methods often involve experiments, surveys, and qualitative
methods include interviews, focus groups, case studies, and observation.



https://libguides.leedsbeckett.ac.uk/skills-for-learning/research-skills/research-design

Quantitative research approach – gathers numerical data:
 Data collected is numerical
 Data is analysed and converted into statistics
 Sample sizes should be quite large (to ensure that the differences for the measured parameter

between the study groups are statistically significant)

Statistical data analysis – deals with methods of description and analysis of numerical regularities
occurring in mass phenomena (processes).
 We deal with mass phenomena when a sufficiently large number of units is examined → only

then can certain regularities be observed.
 They cannot be detected by observing a single unit or a small set of units.

Examples of mass phenomena:
 Demographic phenomena (e.g., births, marriages, deaths)
 Cases of illness in medicine
 Phenomena in industry and transport (e.g., production of various articles, passenger

transport)
 Phenomena on the financial markets (e.g., loan volume, stock prices on the stock exchange)



POPULATION

SAMPLE 
(group that we are able to test)

Random 
sampling

We take a sample from the 
population and then we want to 

transfer the obtained results 
to the entire population.

The sample is required to be representative – to describe the structure of the general population.
The method of selecting the sample and the size of the sample affect the representativeness of
the sample.

If the sample is randomly selected and is large enough, the sample is said to be
representative.

Saunders, M., Lewis, P. & Thornhill, A. (2012) “Research Methods for Business Students” 6th edition, Pearson
Education Limited



https://www.chromatographyonline.com/view/overview-sample-preparation; DOI: 10.13140/RG.2.1.4189.9600

The "bottleneck" of an analytical method is often the sample
preparation step, as it is frequently the most time-consuming,
complex, and error-prone part of the overall analytical process.

While analytical chemists are developing faster and more efficient
techniques, the thoroughness of sample preparation remains
critical, acting as a crucial foundation that can significantly
impact the reliability of the final results.



Objective of statistical analysis:
 the need to draw conclusions about a group of measurements being studied
 inferring characteristics of a group of data by analyzing the characteristics of a small

sample of the group

Before statistical analysis of the results, we should ensure a sufficient number of
replications in the study groups (at least N=6) and select an appropriate statistical
test.

The numer of repetitions should be taken into account when planning experiments.
Results obtained in a single replicate cannot be reported (the result may be
unreliable)!!!

Selected statistical test should answer the question of whether there are statistically
significant differences between the compared groups or not.



The nature of comparative groups1  Independent
 Dependent

In independent samples, subjects in one group do not provide information about subjects in other
groups.
Each group contains different subjects and there is no meaningful way to pair them.
Example: A medication trial has a control group and a treatment group that contain different
subjects.

In dependent samples, subjects in one group do provide information about subjects in other
groups.
The groups contain either the same set of subjects or different subjects that the analysts have
paired meaningfully.
Example: A training program assessment takes pre-test and post-test scores from the same group
of people.

https://www.investopedia.com/terms/v/variance.asp



Number of comparison groups2
 2 groups (test t; Student t-test)
 more than 2 groups (One-Way 

Analysis of Variance – ANOVA)

https://www.investopedia.com/terms/v/variance.asp; DOI: 10.21470/1678-9741-2018-0378

Groups not significantly different Groups significantly different

Variance – a measure of the variation among values.
It is calculated by adding up squared differences of each value and
the mean and then dividing the sum by the number of samples.

Standard deviation (SD) – the square root (√) of variance.



Types of variable3

https://basicmedicalkey.com/types-of-data/



The nature of the variable distribution4
 normal
 other than normal

https://dietassessmentprimer.cancer.gov/learn/distribution.html



https://stats.stackexchange.com/questions/476677/understanding-standard-deviation-in-normal-distribution

Symmetric distribution –
Normal distribution

(also called Gaussian distribution) 



https://courses.lumenlearning.com/suny-natural-resources-biometrics/chapter/chapter-1-descriptive-statistics-and-
the-normal-distribution/; https://www.codingem.com/python-calculate-median/

The median is a better measure for an asymmetric distribution.

The mode is the most frequently occurring value.



https://www.onlinemathlearning.com/quartile.html

The median divides 
the data into a lower half 

and an upper half
The lower quartile is 

the middle value of the 
lower half

The upper quartile is 
the middle value of the 

upper half



Figure. Effect of different concentrations of algal extract obtained with Neutrase® on
the chlorophyll content in radish seedlings

https://doi.org/10.1007/s13399-022-02456-7

Germination tests on 
radish



Figure. Effect of different concentrations of algal extract obtained with Protamex® on the
chlorophyll content in radish seedlings

https://www.contextures.com/excelboxplotchart.html; https://doi.org/10.1007/s13399-022-02456-7



Homogeneity (equality) of variances  
in groups5

 yes
 no

https://dietassessmentprimer.cancer.gov/learn/distribution.html

Homogeneity of variance – is an assumption underlying both t-tests and ANOVA tests in which
the population variances (i.e., the distribution or “spread” of scores around the mean) of two or
more samples are considered equal.



Shapiro-Wilk Test

Brown-Forsythe Test

p > 0.05

p > 0.05

Statistical test
p < 0.05

Parametric test Non-parametric
test

Statistically significant differences 
between tested groups

A p value measures the probability of 
obtaining the observed results



Shapiro-Wilk Test

Brown-Forsythe Test

p > 0.05

p > 0.05

Statistical test
p < 0.05 Parametric Test

Non-parametric
Test

Statistically significant differences between tested
groups

A p value measures the probability 
of obtaining the observed results



https://doi.org/10.1038/s41598-023-36881-z

Most often, this description is in the „Materials and Methods" section as the last subsection.



https://doi.org/10.1038/s41598-023-36881-z

An example of presenting research results from statistical analysis of results – tests on plants
using different products from macroalgae – seaweed extract or biochar

Germination tests Pot tests



https://doi.org/10.1038/s41598-023-36881-z

Germination tests on plants using different concentrations of algae extracts vs. control group with
distilled water

Example explanation
of the table in the text
of the publication
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