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Abstract

The biomedical, life, and social (BLS) sciences are experiencing a rapid development of data analysis techniques.
Meanwhile, there is growing worry that students are not being sufficiently prepared for modern research through
quantitative techniques teaching. Demands for changes to undergraduate and graduate quantitative research method
courses have been sparked by these trends. We contend that such reform should be founded on data-driven insights
concerning the application of analytical techniques within and across disciplines. About 1.3 million publically accessible
research articles were examined as part of our assessment of the peer-reviewed literature to track the interdisciplinary
mentions of analytical methodologies over the previous ten years. In order to detect trends in analytic method mentions
shared across disciplines as well as those specific to each discipline, we used data-driven text mining analyses to
the “Methods” and “Results” sections of a significant subset of this corpus. We discovered that the most frequently
mentioned statistical techniques in research articles in the fields of biomedicine, life science, and social science are the
t test, analysis of variance (ANOVA), linear regression, and chi-squared test. Between 2009 and 2020, however, the
proportion of published literature that mentioned these techniques fell. On the other hand, the overall share of scientific
publications has significantly increased for multivariate statistical and machine learning approaches, including artificial
neural networks (ANNs). Additionally, we discovered distinct clusters of analytical techniques related to each BLS
research field, such as the application of structural equation modelling (SEM) in psychology, survival models in cancer,
and multiple learning in ecology. We talk about how these results affect research techniques and statistics education,
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as well as disciplinary and inter-disciplinary collaboration.
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Introduction

Thebiomedical, biological,andsocial sciences’ (BLS) methodological
environment is getting more complicated. The emergence of open-
source science, the accessibility of substantial, complex datasets, and
rising computational power are the primary causes of this rising
complexity. When it comes to preparing researchers for the era of
big data, machine learning, and open-source software, it is sometimes
felt that the traditional statistical tools (such as the t test, analysis of
variance (ANOVA), and linear regression) taught in introductory
statistics courses are insufficient. Many researchers and statisticians
have argued for educational change to introductory research methods
and statistics courses because they are concerned that BLS [1-3]
sciences educational programme is finding it difficult to stay up with
these trends. We contend that a deeper comprehension of current
patterns in the application of analytical methods throughout BLS
sciences is an essential first step in this direction. Such an understanding
will provide useful insights into the methodological abilities and
information required to prepare early career scientists for success
in their fields and in multidisciplinary collaborations in the future.
Analytical techniques created for one subject are increasingly being
successfully applied to another. Biologists have successfully employed
deep learning, a machine learning approach created by the artificial
intelligence community, to predict the three-dimensional structure
of proteins, for instance. The rapid adoption of neural networks in
biology and many other disciplines demonstrates the importance of
educational preparation in recognising these trends and keeping up
with the requirement for proficiency in these new advanced analytical
techniques. In this work, we carried out an organised temporal analysis
of the application of analytical methods across BLS disciplines. We
processed a sizable corpus of open-access, peer-reviewed literature
using natural language processing methods. The objective of our study
was to sketch out the methodological terrain of the BLS disciplines and
identify recent changes (2009 to 2020). The phrase “analytic methods”

is used here to refer broadly to any quantitative or qualitative method
for data analysis, including any algorithms, statistics, or models used
to describe, summarise, or interpret a sample of data. The components
of research technique involved in data collecting, experiment design,
or study design are intended to be excluded by this definition. A peer-
reviewed quantitative or qualitative analysis of measured data points,
including experimental, observational, or meta-analytic research, is also
included in the general definition of “study.” We tracked historical and
disciplinary changes in analytical techniques. We identified analytical
techniques that have gained or lost popularity over the last ten years
across BLS disciplines from a temporal viewpoint. We identified
analytic approaches that are distinctively prevalent within each BLS
field and the similarity or dissimilarity of BLS disciplines in terms
of their employment of analytic methods from a cross-disciplinary
perspective. According to our assessment, the analytical techniques
that are frequently taught in beginning research methods and statistics
courses—such as the t test and the ANOVA—remain the techniques
that have been discussed the most in BLS research publications during
the past ten years. Over the past ten years, these techniques have,
however, mostly lost favour or stayed constant. On the other side,
from 2009 to 2020, mentions have consistently increased, sometimes
exponentially, according to multivariate [4-6] statistics and machine
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learning methodologies. Furthermore, we discovered that analytical
techniques are not equally distributed throughout BLS fields but rather
favour some over others.

Materials and Method

Recognition of named entities using analytical approach
entities

It would be impossible to manually tag each analytic technique term
in each section text in the final corpus of methodology and outcomes
section texts. So, in order to find analytic technique phrases, we choose
an automated recognition approach. We coupled a phrase matching/
rule-based technique with machine learning. First, we created a lengthy
phrase list (1,129 terms total) related to frequently employed analytical
techniques throughout BLS fields. These were employed as part of a
rule-based matching strategy to find references to analytical methods
in the section texts. We chose 20,000 randomly chosen method and
results section texts with tagged terms from our rule-based approach
and fed them as training samples to a statistical NER algorithm in
order to generalise detection of analytic method phrases outside of our
manually produced list. The NER algorithm’s goal is to use the rule-
based training samples as context “clues” for more widely identifying
analytical technique phrases (i.e., those outside the original phrase list).
We used the convolutional [7-10] neural network (CNN) technique
from the free and open-source spaCy python package to run NER
on our entire corpus (100 iterations, 0.2 dropout, and mini-batch
training). To create the final list of detected analytic technique words
or entities, the trained NER model was applied to the whole corpus
of methodology and results section texts. Over half of the texts in the
corpus of 2,292,668 methodology section texts (Ntext = 1,438,077) had
at least one analytic technique entity. The discovered analytic method
phrases from the trained NER model are referred to as analytic method
entities or simply analytic methods in the main text. The total number
of distinct method entities that were found using the NER algorithm
was Nentity = 15,016 (before pre-preprocessing).

Processing of analytical method entities

An exclusive list of analytical technique entities was produced
by the NER algorithm and was represented as a distinctive string
of characters. The same analytical technique may be referred to by
different names. For instance, a t test may be referred to as a “t test,”
“t-tests,” “ttest,” etc. Each entity string for the analytic technique
underwent a series of preprocessing processes for harmonisation to try
to correct for these minor spelling variations: First, lowercase letters;
second, non-alphanumeric or non-Greek characters (such as hyphens,
quotations, and commas); and third, lemmatization of tokenized
words. We first manually grouped analytical methods into larger
superordinate categories of conceptually related techniques (analytic
method categories—for example, t test/ ANOV A, GLIMs, and survival
analysis) (N = 34) in order to examine temporal variations in analytic
method mentions throughout BLS sciences. Then, using 12 time
points total (N = 12), we calculated annual counts for each category
of analytical procedure. For the following explanations, we decided
on an annual time resolution: (1) Some journals in our corpus are
published only sometimes (e.g., annually or biannually), and (2) It was
hypothesised that significant trends in the use of analytical methods
within a discipline happen infrequently (i.e., over years, as opposed to
months).

Discussion

The data analysis environment in the BLS sciences is dynamic. In

the 21st century, the democratisation and commoditization of tools for
quantitative analysis have risen dramatically, and in the last ten years,
the process has only sped up. The availability of [8] computer power,
open-source software, and an abundance of big data in more spheres
of human activity has caused this tectonic upheaval. The scientist in
training has a difficult hill to climb while learning how to conduct
data analysis. Graduate and undergraduate education must take into
account the most recent trends and methods in data analysis in order
to make this climb simpler. To describe the data analytics environment
in the BLS sciences, we provide an automated 12-year study of almost
1.3 million open research papers. This study sought to give a quick
overview of the ongoing methodological changes taking place in
various scientific groups. We discover that the analytical techniques
that are frequently covered in introductory research methods and
statistics courses, such as the t test and ANOVA, continue to be the
techniques that are most frequently referenced in the “Methods” and
“Results” sections of research publications. However, despite being
widely used, these techniques have mostly lost ground or stayed
constant throughout the course of the study (2009 to 2020). On the
other hand, over the course of the study, mentions of multivariate
statistics and machine learning methods have consistently increased,
occasionally exponentially. Furthermore, we discover that some
analytical techniques are not equally prevalent throughout BLS fields
but rather enjoy special importance in a few. In order to satisfy the
pressing demand for educating a new generation of quantitatively
literate scientists, we believe our results offer insightful information on
how university curricula should be created. The phrase “multivariate
statistics and machine learning approaches” covers a wide range of
analytical techniques. These techniques, which include PCA, regression
subset selection, PLS, support vector machines, random forest
algorithms, and ANNS, are frequently covered in advanced statistics
and computer science courses. While some of these techniques date
back quite a while (for instance, PCA was created in the early 20th
century), others are continuously being explored today (e.g., ANNs
have only seen broad use in the past decade). The potential causes of
the patterns that were noticed were not attempted to be investigated
in this study. We hypothesise that they may be caused by a number
of factors, including: (1) the gathering of larger and more complex
datasets; (2) the recent rise in popularity of data science as a tool in
academia and industry; or (3) a growing awareness among researchers
that manuscripts containing advanced analytics are more likely to be
well received by reviewers and editors.

Results
Summary of preprocessing and analysis

This study’s main objective is to describe and comprehend how the
utilisation of analytical methodologies has changed over time within
several BLS disciplines. To do this, we looked at over 1.3 million articles
that were published throughout a ten-year period of research. From the
“Procedures and materials” and “Results” sections of a sizable corpus
of peer-reviewed journals, we extracted mentions of/adoptions of
analytical methods (PubMed Central Open Access Subset, PMC OAS).
In order to accomplish this, we used a named entity recognition (NER)
algorithm that was specially trained. These text-extracted references
to certain data analysis methods are referred to as “analytic technique
entities”—unique sequences of alphanumeric characters.
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