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Abstract

Research and teaching in higher education institutions have seen increasing use of information systems.
Currently, the focus of data analytics is mainly on one stakeholder group, the students. The other important
stakeholder groups that can benefit from big data analytics are the instructors and the management.
Studies have also called for a more inclusive approach in using data analytics in higher education. Our
study addresses these calls and focuses on the instructors and how analytics can reduce the workload of
instructors. Specifically, we present two example situations in which analytics can help instructors. Based
on the characteristics of these examples, we conceptualize a new type of analytics and call it extractive
analytics. We further suggest that extractive analytics forms an analytical layer that is fundamental to
analytics.
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Introduction

Research and teaching in higher education institutions have seen increasing use of
information systems. These systems leave traces of data that can be analyzed for improving
organizational knowledge [1]. Currently, the focus of data analytics is mainly on students, and
student performance is the prime concern of the analytics [2]. Consequently, the research on
the use of big data analytics in higher education also focuses heavily on one stakeholder group,
namely, the students. The other relevant stakeholder groups that can benefit immensely from
big data analytics are the instructors and the management. Studies have also called for a
more proactive approach in using data analytics so that their potential can be exploited for
increasing the overall efficiency of the higher education institutions [3,4].

Our study addresses these calls encompassing other stakeholders in the analytics
and focuses on the instructors and how analytics can reduce the workload of instructors.
Specifically, we present two example situations in which analytics can help instructors. Based
on the characteristics of these examples, we conceptualize a new type of analytics and call it
extractive analytics. We further suggest that extractive analytics forms an analytical layer that
is fundamental to analytics.

Within higher education, the types of analytics are different than those used in other
industries. For example, past literature mentions that descriptive, prescriptive, or predictive
analytics have wide applications within higher education [1]. Information Systems Adoption
studies of higher education also present these types of analytics as those widely used in the
higher education sector [4]. However, not all higher education activities can be categorized
in these categories. For example, one instructor-led activity in higher education is extracting
the student marks from the marking rubrics. Extracting student marks does not involve
any predictions or descriptions, yet common analytical languages such as R and Python can
immensely facilitate these activities.
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The main contribution of our paper is in discussing a new type
of analytics specific to higher education that we term extractive
analytics. We discussed the usefulness of extractive analytics for
the instructors. Instructor focus is important given that use of
analytics for improving organizational process efficiencies has
been ignored [2]. Extractive Analytics refers to the use of analytical
packages that help in extracting bulk data from different types
of sources. These various data sources can be from the area of
teaching as well as research. For example, within teaching student
rubrics, and assessment documents such as assignments can be
valuable data sources. Apart from teaching, the instructors also
perform research activities, and meaningful information can also
be extracted from the research papers for the literature review.
Using the programming language R, we provide two examples of
situations where extractive analytics facilitates the teaching and
research activities of the instructor.

This paper is a short paper that discusses two situations and
explains their R code. While doing so, the study proposes the
concept of extractive analytics and present its characteristics. One

of these uses cases is based on a student assessment activity, and
the other relates to the research literature review. The remaining
paper is structured as follows. The next section presents the two
examples where extractive analytics is applied. This section is
followed by a section that discusses the characteristics of extractive
analytics and establishes this as an essential missing link in the
current analytics frameworks [5,6]. Finally, we present conclusions.

Teaching situation: extracting marks from marking
rubrics

Marking rubrics are commonly used instruments for providing
feedback on the quality of student performance [2]. Digital rubrics
have grown in recent years, and these are backed by intelligent tools
that can help student assessments (Cabrera and Villalon 2013).
Instructors often provide marks in the rubrics and then enter these
marks in the learning management systems. Some courses have
hundreds of students enrolled, and groups of instructors input
the scores from the marking rubrics in the learning management
systems. In Figure 1 below, we provide the screenshot of an example
rubric.

COURSEDOD1 Title of Course
Assignment

Student Mame and 10: Name of Student, 00000000

Lecturer: Name of the lecturer/ Instructor

Grade/Marks:
91/100

Indicaton of ACHITWED WITH RSERIT

Warking Comars §

Indicaton of partially ACHEVED insficaton of HOT ACHIDVED

Markong Crrbera 2

Marking Critaria 3

Figure 1: Example of a marking rubric.

The rubric has data about the following field, namely:
A.  Student Name.

B Student ID.

C.  Student Marks/ Grades.

D.  Instructor Name.

E The marking criteria.

As an example, the marks are entered in the rubric as 91/100.
In this situation, there are hundreds of students, and hence many
rubrics. We assume that the course is offered in streams, and each
stream has an instructor assigned for the teaching and the overall
management of teaching activity. One instructor may be in-charge
of more than one stream. The paper may be delivered at various
levels, such as undergraduate and graduate.

We have developed an R script, that can be used for extracting
the data on student marks from multiple independent files. The
script can work with data with different file type extensions such
as .docx, .pdf, or .html. As an example, we use .docx files to extract
the data on the student’s name, student identification number, and
student marks. At a conceptual level, the extraction of the student

information from multiple files is achieved using the following
steps:

a)  Alist of all the marking rubrics, i.e., for each student that
has a.docx extension, is generated using the list. files command.

b)  The list apply function (popularly known as lapply) of
dplyr package within the R framework is used to read the content
of each element within the list generated in step 1 above.

c) This generates a long list of the contents for each student
file. The entire content is read for each student, including the
student’s name, identification number, marks, and the marking
criteria.

d) The information about student name, identification
number and marks are extracted using the apply function to the
object created in step 3 above.

e) The extracted information is then converted into a table
format using the as data. frame function within the R framework.

f)  In the final steps, the extracted information is subjected
to text processing techniques to remove the special characters, and
the last object is exported as an excel spreadsheet.
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Thus, by running this script, information from multiple Docx
files can be extracted. We also note that there are various ways
in which this code can be refined, and our purpose here is to
demonstrate how analytics applications can be useful in reducing
the workload of the instructors. The R script is included in Table 1
and consists of the description of the programming codes. By using

Table 1: Example of R code for extracting student marks.

this script, the instructor can enter data into an excel spreadsheet
for many students at a time. Also, based on the application program
interface (API) of the learning management systems (LMS) used in
the institution, this script can be modified to extract or enter these
marks directly in the LMS.

Serial No. R-Code Code Description
. . This code, loads the R packages for performing
) Library (textreadr) library (dplyr) analytics namely textreadr and dplyr.
files <- hSt'fll.isd(g:}?? ;lll/rizlri‘;{l?r?e » pattern = This R code reads all the files with the Docx
: e - extension in a folder.
2 full_content <- lapply (files, read_document) This R code reads the contents of each file.
This R code extracts the required contents
(student names, identification number, and
full_content <- lapply (full_content, head) full_ stude.nt marks) f.rom the ob]ec.t created in t.he
3 content <- lapply (full_content, ‘[, ¢ (1,4)) previous step. Given that the list elements in
PPy - Ty ! environment are separated by the character ‘[,
the required information is extracted from the
first 4 elements.
full_content <- lapply (full_content, rbind)
4 The rows of the extracted information are joined
full_content <- do.call (rbind, full_content)
The extracted information is converted in a
5 full content <- as.data.frame (full content) table/ data frame format in the R environment.
full_content$V1 <- gsub (“Grade/Marks: “
full_content V1)
full_content$V2 <- gsub (“Student Name and ID: Finally, the special characters, and the text
““ full_content$V2) characters are removed or retained, respectively.
6 N Y e The final data is exported to an excel
full_content$V1 <- gsub (“/100" **, full_content spreadsheet using the write. Table function in
$V1) the R environment.
write. table (full_content, “ / full_content.csv”,
sep =, col.names = T, append = T)

Research situation: extracting information for literature
review

Our next example relates to a literature review situation. The
literature review is an essential activity in the research process.
While many studies perform a literature review on analytics in
higher education (Viberg et al. 2018), however, none describe how
analytics can help conduct literature reviews. Usually, literature
reviews are performed for many years, and the time frame of five
or ten years is not uncommon. The library databases provide the
facility to download the research papers, and the overall data
corpus for a literature review includes multiple files. We have
written an R script that extracts information from many records of
a data corpus. Information can be extracted using keywords, and
the specific lines that include the keywords are extracted. These
lines are exported in an excel spreadsheet from where these can

be embedded in the literature review text. The data corpus here
includes many journal articles, and the files can have different
extensions such as .pdf, .docx, or .html.

For testing this script, we downloaded 23 journal papers using
the Scopus database, covering ten years from 2010 till 2019, using
keywords such as “information systems” and “culture”. All these
pdf files were kept in one directory, and the code was run on the
data. The purpose of the code was to extract all the lines from
each pdf file, where the term “culture” appeared. The R script was
successfully able to extract the sentences that included the word
“culture” in each paper. Finally, these lines were exported to an excel
spreadsheet. As an example, in Table 2 we present the results of the
script for one paper [7] for which the script was able to extract all
the lines where the term culture appeared in the article.

Table 2: Line extracts from (Malhotra et al. 2018) with the ‘culture’ term.

Serial No. Paper [7]
1 While ICTs have potential to strengthen indigenous cultures, they have even greater potential to empower
indigenous communities by
2 different ways of living, follow different cultures, and speak different dialects.
3 in their culture and way of life which creates exclusion from the mainstream, but such exclusion is not
discriminatory in and of itself.
4 ICTs have also been found to be effective in transmitting cultures to
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5 future generations, thus strengthening preservation of indigenous culture in a situation of rapid
urbanization (Harris & Harris, 2011).
6 Marginalized communities in India have their own systems of governance, culture
7 indigenous culture and identity while at the same time giving them a sense of agency, thus making it a more
“inclusive”, 2-way, and dynamic com-
8 While the term “indigenous” is associated with groups that have historical ties and cultures intertwined with
a specific region or locality,

The information extraction is achieved through the following
steps.

A. A list of all the .pdf files is generated using the list.files
command in the R programming language.

B.  The list apply function (popularly known as lapply) of
dplyr package within the R framework is used to read the content
of each element within the list generated in step 1 above.

C.  This produces a long list of the contents for each .pdf.

D.  The grep function is run over this data corpus within the
lapply function. The grep function is used for extracting the lines
that have the ‘culture’.

E. Finally, the write. Table function is used to write the

extracted information onto an excel spreadsheet.

Table 3 presents the R codes used for extracting those lines
where the term “culture” has appeared in the 23 research papers.
For the demonstration, we have downloaded the papers as .PDF
file from the Scopus Library Database. The documents can also
be directly downloaded using the Scopus API, using the package
RScopus [8]. It is worth noting that in both these examples, we have
used the dedicated analytics package, namely R, and have extracted
data for further analysis. For instance, in situation 1, the student
marks data can be further analyzed. In situation 2, the extracted
lines with the ‘culture’ word can be subjected to further analysis.
We call this analytics type in which the data is extracted ‘extractive
analytics. In the next section, we conceptualize extractive analytics
by discussing its characteristics.

Table 3: R code for extracting information from research papers.

Serial No. R-Code Code Description
Library (textreadr)
- This code loads the R packages for performing analytics
1 library(dplyr) namely textreadr and dplyr. Also, this R code lists all the
files <- list.files (path = “/folder_name”, pattern = “*.pdf”, files with the docx extension in a given folder.
fullnames =T)
2 all_researc_papers <- lapply (files, read_document) This R code reads the contents of each file.
3 all_researc_papers <- lapply (all_researc_papers, grep, This R code extracts all the lines where the term ‘culture’
pattern="culture”, value=TRUE) appears in each of the 23 pdf files.
. « ” This codes uses the write. Table command to save the
write.table (all_researc_papers, “all_researc_papers.csv”, . Lo
4 o extracted information in csv format to be read through
sep =, col.Lnames = F, append = T)
the excel spreadsheets.

Characteristics of Extractive Analytics

Studies on the applications of data analytics in the higher
education sector discusses the different categories of analytical
methods. For example, analytics are categorized as useful for
reporting and compliance, analysis and visualization, security and
risk management, and predictive analytics [6]. Studies have also
discussed the content categories of analytics and suggested that
the analytics can be institutional analytics, information technology
analytics, learning analytics, and academic analytics [1]. There
are also organizational process categories where data analytics
can be applied [2]. One conventional categorization of the types
of analytics is on big data analytics categories of descriptive,
predictive, and prescriptive analytics. One shortcoming of the
existing higher education frameworks of analytics [1,4] is that
some critical educational activities cannot be categorized into these
analytics categories. The two situations that we have presented
above, for example, cannot be classified as descriptive, predictive,
or prescriptive analytics. Consequently, we propose a new category

that is termed extractive analytics, which has broad applicability
in the higher education sector. In this section, we discuss the
characteristics of extractive analytics [8].

First, the output of extractive analytics is useful for predictive
or prescriptive analytics. For example, in the literature review use
case, the extracted lines can be further subjected to techniques
of text analytics such as sentiment analysis, content analysis, or
n-gram word analysis. Second, past studies have described analytics
as an activity that requires specialized knowledge from disciplines
of mathematics, statistics, and computer sciences [2]. The surge
in big data analytics has also gained immense momentum since
2015, and this has made big data analytics as a chosen career
choice of students [6]. However, acquiring the skills from different
disciplines can be difficult, and impact the wellbeing of the students.
Extractive analytics, on the other hand, does not require specialized
knowledge of statistics or mathematics. This non-dependence on
specialized discipline knowledge contributes to the simplicity of
extractive analytics type.
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Third, based on the above points, extractive analytics is more
useful in the areas of improving the organizational processes.
In contrast, the other analytics (descriptive, predictive, and
prescriptive) are more useful for strategic purposes. Past studies
have suggested that there is a knowledge gap in the area of how
analytics can be used for improving the organizational processes
[2], and extractive analytics can directly contribute to the efficiency
of organizational processes. Lastly, extractive analytics can happen
at various levels, even while conducting descriptive, predictive,

and prescriptive analytics. In the Figure 2 below, we present a
conceptual model of analytics in higher education that includes
extractive analytics. The model proposes district analytics type,
namely extractive analytics, and also shows the characteristics
discussed above. In this model, extractive analytics is presented
as a core layer that permeates through descriptive, predictive, and
prescriptive analytics. The three attributes of extractive analytics
are simplicity, process or activity focused and fundamental to other
analytics.

Process

5i|"l"l|‘.l|l't'lt‘f Focussed

Fundamental
to other
a analytics

Descriptive Analytics

/ / Predictive Analytics

Prescriptive Analytics

Figure 2: Conceptual model of extractive analytics.

Conclusion

Recent studies suggest that the use of big data analytics in
higher education has remained limited to student analytics,
compliance, and performance reporting, and their usefulness
in improving the organizational processes needs more research
[2,3,6]. Multiple studies discuss the applications of analytics
in areas of student performance and engagement (Foster and
Francis 2019). Still, there are no studies, to the knowledge of the
author, that discusses the role that analytics can play in reducing
the workload of the instructors and thereby contribute to process
efficiencies. This study contributes to these knowledge gaps and
presents two use cases where analytics can help in the day-to-day
working of the instructors. Our study also proposes an entirely new
form of analytics specific to higher education, and we term this as
extractive analytics.
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