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ABSTRACT: The integration of learning analytics and artificial intelligence methods into education is part of the latest
developments and significantly affects chemistry education (research): researchers might face the challenge of collecting and
analyzing content-rich data sets involving interdisciplinary approaches from computer science, chemistry, and chemistry education.
Developing a learning platform offers a higher degree of freedom compared to using existing Learning Management Systems. This
paper presents a step-by-step overview of how we designed and created the web-based learning platform “I;Learn”. This concrete
example showcases how the content management system WordPress can be utilized to develop an online learning infrastructure that
enables the application of learning analytics methods. Our approach allows collection of time-accurate log files concerning individual
usage behaviors without programming skills. The step-by-step overview enables chemistry education researchers to set up a
customized web-based learning platform and lay the data foundation for learning analytics. The value of the I;Learn platform is
shown through a compelling use-case scenario involving 580 9th- and 10th-grade learners in German chemistry classrooms. In this
scenario, we collected and analyzed half a million log files, and we report exemplary results and insights from the data.

KEYWORDS: Internet/Web-Based Learning, Ionic Bonding

B INTRODUCTION Furthermore, the pursuit of integrating diversity, equity,
inclusion, and respect (DEIR) is an essential focus of chemistry
education.” While the risk of artificial intelligence to contribute
to discrimination is widely discussed, extensive and ethically
informed data collection can also provide the basis for
individualized learning in order to improve support for
vulnerable groups, identify learning barriers, deconstruct
stigmatizing categories, and reconstruct categories based on

Web-based learning is essential for numerous educational
settings, such as blended or remote learning. In addition, so-
called Massive Open Online Courses (MOOCs) are
established in the field of (scientific) education, providing
access to education for many learners." With the increasing

technological progress in recent decades comes the exploration
2

of artificial intelligence integrations in (science) education. learning behaviors. 1215
Within this development, learning analytics deals with Consequently, technological means enable and require data
analyzing learning process data to optimize the teaching collection on an unprecedented scale, presenting interested
processes,3 for instance, by automating the analysis of learners’ researchers with the challenge of organizing the collection,
scientific argumentation.” analysis, and interpretation of the resulting data.'® One way to
Mining educational data opens the door to integrating accomplish this is to collect log files to track learner behavior in
artificial intelligence into teaching and learning processes and a (web-based) learning platform."”” Unfortunately, not all
enables new approaches to address ongoing challenges in systems that can be used to design learning platforms can
chemistry education: The COVID-19 pandemic has also collect or extract log files, or educators might be confronted
demonstrated the need for remote learning tools for chemistry with investing many resources into developing competencies in

education.”® A comprehensive analysis of the effective use of programming and data analysis. The open source content

these educational resources can be enhanced by examining log

files, especially when utilizing the provided digital features, Received: August 9, 2023
which may not be immediately evident.” Fine-grained log file Revised:  January 16, 2024
data also allows for tracking and understanding learner Accepted: January 19, 2024
interaction with assessment tasks, identifying factors that Published: February 13, 2024
influence learning performance, and drawing conclusions on

latent constructs such as learning strategies.8
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Figure 1. Simplified structure and order of the chapters in the I;Learn learning platform. The chapters (blue or green boxes) are arranged in five
sections: (1) pretest, (2) chapters with content that is a prerequisite to the topic of ion bonding and can be repeated voluntarily, (3) chapters on
achieving the common learning goal (ion bonding), (4) chapters on extended learning goals that high-performing learners can achieve, and (5) the

post-test.

management system WordPress'® served as the foundation for
developing the learning platform “I;Learn” (acronym:
inclusive, intelligent, and individual learning), designed to
support chemistry learning and teaching, specifically in the
field of ion bonding. In Germany, 580 9th and 10th grade
students used I;Learn, resulting in 493,511 data log files. The
log file data enable a second-by-second reconstruction of the
students’ usage behavior on the learning platform. This can be
used as a basis for learning analytics to improve learning,
understand learning, and use learning material through
statistical and artificial intelligence methods.”'”*°

This review is divided into four further sections. First,
requirements and preliminary considerations for a web-based
platform are presented in the next section. Second, the learning
platform I;Learn is introduced as an exemplary implementa-
tion of a WordPress-based learning platform for K-12
chemistry education. Furthermore, this section highlights key
conceptual considerations within the architecture and illus-
trates how learning analytics, implemented through a web-
based learning platform, can provide valuable insights. The
third section provides a step-by-step overview of creating a
learning platform with WordPress to collect data for learning
analytics. The main steps and aspects for creating a learning
platform are shown. The creation process requires no in-depth
technological knowledge, while granting considerable freedom
in design and content. The last section concludes the article,
points out limitations, and provides an outlook on future
research directions.

Requirements and Preliminary Considerations

Due to the SARS-CoV-2 pandemic, many educators and
researchers were forced to switch to a remote learning setting
to ensure access to education and research.”’ One way to
address this issue is to use WordPress to design a custom web-
based learning platform that provides the basis for collecting
extensive log files about the usage behavior of learners.
According to WordPress, 43% of all Web sites are created
using this open source content management system.22 It is
highly accessible due to its clear graphical interface. With
WordPress, it is possible (a) to design learning content freely,
considering and implementing characteristics of chemistry
education, and to integrate digital and real-world lab
experiments; (b) to create a web-based learning platform
usable from all devices (computers, smartphones, and tablets);
and (c) to record log files of the usage behavior for learning
analytics.

When designing a web-based learning platform, we placed
high demands on it. This means high demands on data
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security, the possibility to choose free and individual learning
chapters (many known Learning Management Systems
(LMSs) only offer a hierarchical structure of the learning
chapters), the possibility to switch between multiple
representations (text and videos) without complications, the
integration of accessibility tools (such as a read-aloud function
or a completely customizable interface), and the possibility to
record every interaction of the learners as a log file. No existing
LMS that could meet all of these requirements can be
identified.

A general prerequisite for a learning platform is the
possibility of hosting it on in-house servers to have physical
access to the data and comply with the data protection
regulations of the country in which the learning platform is to
be established, such as the General Data Protection Regulation
(GDPR) from the European Union (EU), which complicates
the processing of data on servers outside the EU.** In this
regard, external cloud-based providers are likely out of the
question, especially when data collection requires approval by
external authorities such as (local) education government
departments. Furthermore, a WordPress-based system con-
tributes to data protection, since the learners do not have to
log in with university or commercial accounts. In contrast,
entirely anonymous and independent accounts that cannot be
traced back to individuals can be used with the approach
described in this paper.

Developing a learning platform gives more freedom than
using an existing LMS, especially concerning integrating
assistance systems, designing the learning platform, or
managing learners. As in this approach, other existing LMSs,
such as Moodle,”* one of the most widespread and well-known
LMSs in the world,*>*® can also rely on software to track
learner activity. However, design freedom is more restricted
compared to that in a WordPress environment, where
limitations are absent, allowing for the creation of the entire
structure of the learning platform without constraints. In
addition, Moodle must also be hosted on its server; therefore,
in terms of effort, there is no difference. Other ?latforms, such
as the social web annotation tool Perusall,”’ already offer
learning analytics capabilities based on artificial intelligence but
focus more on collaborative learning.

Furthermore, on an institutional level, there may be the
restriction that no comparable LMS may be hosted since
universities, for example, have usually established their system
on campus, and the coexistence of a separate LMS is not
permitted. Using these existing LMSs at the institutional level
can also have restrictions: For example, the institution may set
the privacy setting so that no data can be recorded and

https://doi.org/10.1021/acs.jchemed.3c00794
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downloaded, or external persons, such as students from K-12
education, do not have access to a university or higher
education LMS. Open-source content management systems
have the potential to fill this gap because the default
institutional settings do not apply to a learning platform
created for a specific research project. Furthermore, it must be
noted that data protection is essential in the everyday use of an
institutional LMS. At the same time, this makes it even more
important to have a separate coexisting web-based learning
platform for research purposes, as offered in this step-by-step
overview.

B THE LEARNING PLATFORM I;LEARN

Using WordPress, a web-based learning platform called
“I;Learn” has been developed for four learning sessions, each
lasting 45 min. The platform’s primary objective is to facilitate
independent and remote learning for the learners. “I;Learn”
was utilized to study ion bonding, a topic recognized as
presuppositional, which demands comprehension of funda-
mental concepts such as atom and ion distinctions, noble gas
configuration, and electron transfer.”® Additionally, the plat-
form aimed to offer access to differentiated instruction.”’
Accordingly, the structure allows learners to work on chapters
with different focuses (see Figure 1). The individual learning
chapters (blue or green boxes in Figure 1) are divided into five
sections: The first and fifth sections form the pretest and post-
test. The second section incorporates the repetition chapters,
where learners can freely repeat the prerequisite concepts for
ion bonding (chapters: ion, noble gas configuration, and
electron transfer). The third section includes chapters that
achieve the minimum learning goal (chapters: phenomenon
brittleness, ion bonding, and ratio formula), and the fourth
section includes chapters that enable the achievement of an
extended learning goal (chapters: extended ratio formulas,
nomenclature, and salts in everyday life). Learners can choose
the chapters voluntarily and in any order in the second and
fourth sections. The learning chapters in the third section have
a linear structure and, consequently, a restriction on the free
chapter selection. This ensures that all learners receive
sufficient guidance in this central part to achieve the minimum
learning goal. In addition to these macro choices, learners can
also make micro choices about their learning path within the
chapters. This includes choosing between text- or video-based
resources or tasks with or without assistance. In addition to the
described learning platform, learners can find advanced
organizers, further learning tasks without separate assistance,
and other typical science educational offerings such as the
learning opportunity of developing hypotheses. I;Learn offers
several million possible learning paths because of the various
decision options available.

Moreover, the individual chapters and subchapters have
been organized and assigned to so-called Knowledge
Components (KC).”® The seven KCs in I,Learn were
engineered based on well-researched student conceptions of
ion formation and bonding®' ~** (see Table 1). In addition, the
curriculum for integrated comprehensive schools in Lower
Saxony, Germany, where I;Learn was implemented, was used
to construct the KCs by considering the described com-
petencies for ion bonding.” Each chapter or page in a chapter
can be assigned to one KC. The dedicated separation and
mapping of the KCs within I;Learn enable a more precise
analysis of the learning paths, knowledge gains, and the
modeling of students. For example, student models would
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42

Learning goals according to the curriculum

—38,42

Learner’s (alternative) conceptions

Description

Component

Table 1. Knowledge Components (KCs) Integrated into I,Learn®'
Knowledge

Learners explain the structure of atoms and ions with Bohr’s atomic model

no distinction between metals and nonmetals®’

34

Terminology problems;

Structure of atoms and ions

KC 1

g are

ion bondin

38 . 1 —36
3% jons occur as molecules;>"** ™

31,37,

]

reverse electron transfer;

Electrons are shared;

Formation of ions as

KC 2

Students explain the formation of ion bonds from elements as an electron transfer reaction;

]

attraction between atoms

S

32 32

3

covalent;

electron transfer

learners justify the formation of ions with the noble gas rule; learners distinguish between

ionic and covalent bonding

Learners explain the properties of ionic bonds using a bonding model

Characteristics salts

KC 3

Learners represent chemical issues in appropriate formula notation (ratio formulas)

Ratio formulas of salts

KC 4

Learners explain the cohesion of ions in salts using the effect of electrical interactions

ions are shared or

34

g of ions;

No difference between the formation and bondin

Bonding as an attraction

KC S

1

;> bonding types can only be named if they are labeled or the charge is

transferred,

between ions

31

Learners visualize the structure of bonds using suitable visual models

31 bindings

ion molecules form a

35

gures indicate the same type of bonding;
33

31

g of three-dimensional structures;

similar distance on fi

31

are represented by lines

lattice;

known

Difficulty in distinguishing levels of representation

Lack of understandin

submicroscopic level

The lattice structure of salts
macroscopic and

Differentiation between

Cé6
KC 7
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Figure 2. Boxplots of the average duration and distribution of the usage time of texts and videos in I;Learn. The red dotted line beside the video’s

boxplots shows the corresponding video’s total duration.

allow for the integration of a cognitive tutor, which predicts the
probability for a learner whether the next learning task can be
solved (e.g., Bayesian Knowledge Training).’>*’ In this way,
tasks at different levels of understanding can be provided
individually.*'

Furthermore, I;Learn was developed to focus on the
engagement of all learners and the integration of the Universal
Design for Learning (UDL) guidelines.43 The guidelines are
exemplified in the selection option between text and video
(implementation of the UDL guideline 1, “Provide options for
perception”).*” In total, the following elements were
implemented in I;Learn based on the UDL guidelines:
multiple representations (text and video), learning tasks with
and without help, self-assessment, customizable interface (font,
font size, and contrast), read-aloud function, glossary, simple
language, device independence, free chapter selection, every-
day phenomenon, and advanced organizers. A demo version of
an English I;Learn version can be viewed by the following link.
No registration is necessary, but anonymized usage data is
collected but cannot be assigned to an individual: http://
i3lern.idn.uni-hannover.de/en/jce/.

Using I;Learn Data for Learning Analytics

In the period from January to June 2022, a total of 580 9th and
10th graders worked with I;Learn. Teachers could choose how
to integrate I;Learn into their lessons to ensure natural
integration, consider external factors such as the COVID-19
pandemic, and address the typical characteristics of different
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types of public schools. Half a million data points were
collected, providing insight into the behavior of the learners.
Each log file contains records such as pseudonymized learner
IDs, timestamps, types of interactions, and details about the
interaction. Thus, it is possible to reconstruct in detail which
learners watched videos, read texts, or worked on tasks for how
long. The data include interaction data, such as counts or
duration of interactions, and personal data, such as self-concept
in chemistry or reading ability. We provide a detailed
description of all data collected in another publication
(Roski et al.**). Data collection was approved by the Ministry
of Science and Culture, Lower Saxony, Germany.

Furthermore, in the context of the pretest/post-test and
learning tasks within the chapters, it is possible to reconstruct
precisely when the learners saw and answered the question.
Additionally, the system logs the learners’ responses to
questions and when they adapt them over time. The KC-
based structure further makes it possible to filter the learners’
interactions and focus on specific content. The data allows
statistical and artificial intelligence-based methods to gain
insights into the learners’ usage behavior of a web-based
learning platform. To date, the following use cases of the
acquired data have been explored: (a) predicting dropout,**
(b) identifying patterns of usage behavior in UDL-based
learning opportunities,'” or (c) using Bayesian Knowledge
Tracing to predict learners’ success with learning tasks within
the KCs."

https://doi.org/10.1021/acs.jchemed.3c00794
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Figure 3. Learning progression of learner A in the repetition chapters. The blue bars show the usage time (x-axis) of the different content elements
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The following are examples of how learning analytics can be
used to analyze the usage of I;Learn. The first example focuses
on average usage behavior, while the second focuses on
individual analysis.

Analyzing Usages of Multiple Representations

Learners can decide at five points in I;Learn whether to watch
a video or read a text. The content of the texts and videos is

934

based on “ions”, “noble gas configuration”, “electron transfer”,
“ion bonding”, and “ratio formulas”. Texts and videos are the
same in terms of content. The spoken content in the video is
the slowly recited text. The contents relate to the chemistry
curriculum of the federal state of Lower Saxony, Germany.*
The duration of use can be examined, and the behavior of the
learners can be analyzed. As shown in Figure 2, the duration of

https://doi.org/10.1021/acs.jchemed.3c00794
J. Chem. Educ. 2024, 101, 930940
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use of text and video of the same content differs considerably.
In terms of content, the video and text do not differ. The text is
delivered in slow speech in the video, and the same images and
animations are used.

However, there are some peculiarities concerning the
duration of the video use. In the three chapters of the
repetition option (ion, noble gas configuration, and electron
transfer; see Figure 1), many learners spend less than the total
duration time in the video for ions and electron transfer,
whereas, in noble gas configuration, many learners watch the
whole video. The situation is also different for ratio formulas,
the last chapter of the common learning goal (Figure 1).
There, the actual duration of use considerably exceeds the
video length. The data only include learners who have viewed
the content for more than 30 s, as it can be assumed that a
usage time below this is insufficient to perceive the content
adequately. This finding can serve as an indication for further
research. For one thing, the learning materials offered could
evaluate whether learners have difficulties with the video on
ratio formulas or whether the topic itself is a hurdle and
requires more attention. Furthermore, the individual duration
of use of the video could be considered and serve as a starting
point for offering individual help if the duration of viewing
goes far beyond the duration of the video.

Analyzing Individual Learners

In addition, usage behavior can also be considered at the level
of individual learners. Figure 3 displays the learning behavior of
learner A within the repetition chapters. The diagram shows
how the learner engages with different content elements (y-
axis) over time (x-axis). The log files also provide information
about the learner’s responses, which are not included here.

Looking at learners B (Figure 4) and C (Figure S) in detail,
it is immediately apparent that they are not engaged with the
repetition chapters. Learner B clicks on the “Advanced
Organizer: Electron Transfer” and watches the video for
about 4 min (video duration 3:45 min), which comes after the
advanced organizer. A short re-entry on the “Advanced
Organizer: Electron Transfer” is in the log files afterward
because the learner probably used the “back” function of the
browser to go back to the overview page and thus generated
the new entry. The learner did not use the learning tasks within
the chapter or work on other chapters (see Figure 4).

While learner B is still watching a video in full, learner C
spends only a few seconds on the review chapters (Figure S).
First, the learner views “Advanced Organizer: Electron
Transfer” for a few seconds, then “Advanced Organizer:
Ion”. There is no interaction with any other content of the
repetition chapters. Furthermore, a particular focus should be
put on the x-axis. While learner B (Figure 4) spends several
minutes in the individual parts of I;Lern, learner C (Figure S)
engages for only a few seconds.

Summary of Applying Learning Analytics with the Data
from I;Learn

The shown global and individual examples of the usage
behavior of I;Learn illustrate some possibilities that go along
with the detailed log file collection. The results primarily
describe examples for a statistical evaluation of the raw data
and still need to correspond to the comprehensive evaluation
based on the understanding of learning analytics. Using further
analysis approaches, it is possible to document individual
learning paths, as well as the entire behavior of a cohort. This,
on the one hand, allows for statistical analysis, like identifying
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“successful” learning paths, but, on the other hand, creates the
basis for artificial intelligence-based tools. Individual support
can be offered to learners who do not take advantage of the
repetition chapters but show weaknesses in the subject
knowledge test (pretest) and the learning tasks. A recom-
mendation system could be used to make concrete suggestions
for how they should continue learning. Also, “gaming the
system” behavior,” as in the example of learner C, can be
detected based on the data and appropriate individual support
can be initiated. In addition, unsupervised machine learning
approaches can cluster learner groups with similar behavioral
patterns, or successful learning paths can be identified for
groups with different prerequisites and abilities. In addition, a
dashboard can be used to reflect usage by both the learner and
the teacher. The possibilities are extensive because I;Learn’s
integrated infrastructure can capture many learner interactions.
Furthermore, learning barriers within the platform can also be
identified if, for example, learners interact conspicuously with
certain content parts.

B STEP-BY-STEP OVERVIEW FOR USING
WORDPRESS

The following is a step-by-step overview of creating a web-
based learning platform using WordPress, such as I;Learn. The
essential steps are described as a starting guideline. The first
step describes general requirements for a WordPress Web site
and is thus universal and not specific to chemistry or science
education.

Step One: Setting up the Infrastructure

First, the technical setup is established to make the Web site
publicly available, involving two essential steps: first, we
initialized a server to host the learning platform, and second,
we installed WordPress on this server. Two options are
available: Researchers can either delegate the setup, operation,
and installation to a service provider or manually handle
everything themselves. Opting for a service provider offers the
advantage of receiving a finished product for a low monthly fee
(ca. 25 Euro/USD per month*®). However, limited access to
certain WordPress features may be a disadvantage, as providers
often modify their products. This service’s target audience is
not research projects but small businesses seeking a simple web
presence. In addition, the server would not be physically
accessible, which is a disadvantage with regard to data
protection.

Furthermore, a disadvantage is that research data are stored
on external servers. Implementing the server and the
WordPress installation on the research institution hardware
is recommended, allowing sensitive data to remain physically
in the research project.

On the other hand, setting up a server by nonexperts is the
biggest hurdle in creating a web-based learning platform, but it
is doable. One of the best ways is to install a so-called LAMP
stack is to install a Linux-based system. The letters stand for
Linux, Apache (Web server), MySQL (database), and PHP
(programming language). Afterward, WordPress can be
installed.*” After the installation and successful login with the
admin account created during the installation process, the
backend of the WordPress site can be accessed. This is a
crucial control center and dashboard for a web-based learning
platform. From here, content is created, learner accounts are
moderated, and research data are accessed. In addition, it is
recommended to set up a Secure Socket Layer (SSL) to ensure
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Table 2. Essential Functions That the First Plugins Should Fulfill

Necessary
function
Backup

Hide admin
login

Allows a backup of the learning platform.

Manage
Learners

Removing
the blog

function turns off the blog function.

Removing
the toolbar

Explanation

Hiding the admin (account with access to the WordPress backend) login is a security feature, as it makes it more difficult for attackers to brute force
the password and thus gain access to the learning platform.

A plugin for managing learners” membership. This includes registration, logging in, and, if necessary, allowing learners to unlock individual sections of
the learning platform only after achieving specific learning goals.
WordPress primary function is to offer a blog. This differs from a page-based Web site (learning platform) in that new articles (blogs) are published
and presented chronologically on the main page. However, this does not correspond to the intended structure of a learning platform. This plugin

The toolbar gives simplified access to the WordPress backend when the users view the so-called frontend, i.e., the learning platform from the learners’
point of view. Learners need this toolbar and should not have access to the backend.

that the data exchange between the learner’s device and the
server occurs via an encrypted connection.

Step Two: Creating the Curricular Architecture

The second step is to create a learning platform. First,
researchers must be clear about the structure and purpose of
the learning platform. The following guiding questions can be
decisive: What learning goals are related to the learning
platform? Should the learning platform be structured linearly,
or will learners always return to an overview page from which
the following sections can be selected? Should the learners
document experiments? Should students engage in inquiry
learning? Should researchers develop and test hypotheses?
Should the learning platform supplement classroom teaching
or only remote learning? Should there be sections that the
learners cannot select at first or that they should work on first,
such as a pretest? Should the learning path be split up again
within individual chapters, for example, if an alternative
learning video is also offered for the text? In addition,
structuring with the help of KCs can also be considered at this
point.30

Creating an architecture of the intended learning platform is
advisable for use as an overview. In implementing I;Learn,
designed with four lessons of 45 min each, more than 198
individual pages were created, which in their entirety form the
learning platform.

Before the page design can begin, a so-called “theme” that
significantly impacts the global design should be selected.
WordPress and third parties provide over 11,000 themes,*®
which primarily determine the design of the starting page and
the appearance of the header of the learning platform. The
theme can be changed in the WordPress backend via the tab
“Design”. However, this is based on visual preferences alone.

Furthermore, the first must-have plugins can be installed
during this step. These plugins have no direct influence on the
learning experience but serve to ensure essential functions. A
selection of the first necessary plugins can be found in Table 2.
A plugin can be installed in the WordPress backend via
“Plugins” and then “Install Plugins”. An entire directory of all
60,000 freely available plugins® can be downloaded and
installed immediately. Usually, these plugins are free of charge.
However, some of the features include premium features that
must be purchased separately. No specific plugins are
recommended in the following but only the tasks they should
fulfill. With the search function of WordPress, it is easy to find
suitable plugins.

Step Three: Implement the Learning Platform

The page design can be done via the WordPress backend via
the tab “Pages”. Each page can be provided with its Uniform
Resource Locator (URL), which is helpful to connect the
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individual pages, for example, by the buttons mentioned. The
page design is usually done in a drag-and-drop manner so that
the page design is comparatively simple; that is, no
programming knowledge is required for the visual design of
the learning platform. The graphical interface and the
corresponding integrated instructions help beginners create a
modern and appealing design for learning platforms. It is very
similar to the formatting of a document in word processing
software. It is important to note that changes to the start page
are not made via the “Pages” tab, although the start page is also
stored there, but via the “Design” tab. Otherwise, the layout of
the homepage will be messed up. The built-in function of
WordPress can be used to design individual pages of the
learning platform. In addition, numerous other plugins extend
the page building with additional functions. A recommended
function is the possibility to hide content. This is used in the
plugin to make the design responsive and to allow the content
to be used on different devices (computer, tablet, and mobile
phone). It can also be used to hide the content on all devices.
The use of this is discussed below.

Step Four: Prepare the Data Collection

One of the essential points in designing the learning platform is
the ability to collect data. For the integration of tasks, the
plugin “HSP”*° was used in I;Learn, which allows flexible
integration of different task types and formats. The HSP plugin
is essential for data collection. HSP is an open-source
application, with which tasks and queries can be carried out.
The advantage is that all interactions (e.g, clicking) with
content built with HSP are saved. This includes not only the
final answer but also all previous ones. It does not matter
whether the learner adds or removes content from the open or
closed answers in the learning process. Everything is stored in
the log files. It is also recorded when the learners can see the
HSP content so that the time between “seen” and “answered”
can be reconstructed. “Seen” in this context means the page
has been accessed in the learning platform. It can be assumed
that learners begin interacting with the page’s content.

For this reason, it is essential that a page is not overloaded
with many tasks and texts but is well separated on different
pages. This enables a more precise tracking of the learning
behavior. For example, if the content contains only one task, it
is possible to track exactly when it was accessed, answered, and
left, because accessing the next task on the next page is also
recorded. A selection of practical HSP elements can be seen in
Table 3. Furthermore, not only tasks can be created via HSP,
but also interactive videos or documentation tools. I;Learn
integrated multiple choice questions, tasks with open answer
options, cloze tests, drag and drop tasks (arranging an ion
grid), or even game-based elements such as quizzes.
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Table 3. Selection of HSP Elements to Be Integrated into a Learning Platform

Example usage in I;Learn

Explanation

HSP element

Used as a glossary to provide important terms on ions bonding for learners. Also well suited to be

A standard interface allowing users to hide and reveal pieces of information

Accordion

«

used as a “tracking pixel”.

Learners hypothesize about a virtual experiment on the brittleness of salt crystals subjected to a
force applied by a hammer. They can confirm or refute these in the course of the chapter.

Learners develop hypotheses and can confirm or falsify them

Tool
Drag and Drop

Documentation

Learners arrange anions and cations into an ion lattice.

Drag the word” is the alternative, but with words.

«

Arrangement of objects by drag and drop. Possibility to arrange chemical issues two-dimensionally.

Integrated questions that require only a small amount of open-ended response from the learner,

Allows inserting free text into existing sentence structures. A certain amount of spelling errors is

Fill in the Blanks

tolerated.

such as learning tasks on ratio formulas

It has been used in I;Learn when learners are to study salt crystals or the phenomenon of brittleness

Allows the design of smaller learning environments within an HSP integration. Other H5P elements

Interactive Book

on their own. The interactive book offers various information, such as illustrations. Learners can

explore the material provided in their way.

can be integrated here.

In I;Learn, videos were deployed using this HSP element, and features such as slowing down the

Other HSP elements, such as multiple-choice questions, can be placed within the video. Allows

Interactive Video

speed of the video were implemented to implement UDL guidelines.

features like bookmarks, fast forward and rewind of 10 s, slowing down the video, and integrating

subtitles.
Multiple choice questions with an increased gaming character.

Learning tasks for the learners within the review chapters allow them to check their knowledge level
independently.

Single Choice Set

To collect pre- and post-test data. In I;Learn, demographic data, self-concept and interest in
chemistry, subject knowledge, reading ability, and cognitive ability of learners were collected.

-like environment, such as the “H5SPxAPIkatchu”

LRS) or LRS

plugin (see Step Four: Prepare the Data Collection).

Allows open and closed response formats without providing learners with rule-based feedback.
Requires a Learning Record Storage (

Questionnaire
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The texts of a learning platform can also be integrated into
the learning platform independently of HSP. This can quickly
be done via the page editor. This has the advantage that with
the help of other plugins, the texts can be individualized or
text-to-speech functions can be implemented. Working with
texts or generally pages where no HSP tasks are integrated can
still be tracked. For this, the HSP element “accordion” can be
integrated on a page but hidden with the help of the
mentioned page builder plugin. This way, the page access is
still recorded in the log files. This approach is like the so-called
“tracking pixels”, often used in online marketing.51 According
to this principle, all of the pages of the learning platform
should contain at least one HSP element, either in the form of
a task (or a similar element that learners should interact with)
or as a hidden element so that the opening of each page is
captured. This enables a seamless recording of the learning
paths and the time spent in the learning platform.

Step Five: Analyzing the Collected Data

The data collection provides log files in xAPI°” format. xAPI is
a well-known structured data format from learning analytics.”
The log files can be accessed in two ways: The first consists of
using a Learning Record Storage (LRS) offered by various
providers. These are primarily cloud-based offerings. An
alternative is using the plugin “HSPxAPIkatchu”.>* This is
not a full-fledged alternative to an LRS but is feasible for data
collection like I;Learn. This plugin can provide the log files as
CSV files. A corresponding analysis can then be done with
typical spreadsheet applications. Depending on the size of the
log files, it may be helpful to use the software library Pandas.>
Here, knowledge of Python is necessary. However, it is also
possible to perform statistical and artificial intelligence-based
analysis with programs with a graphical interface and,
therefore, does not require any programming skills. An
overview of programs for learning analytics and artificial
intelligence is given by Slater et al.’

In order to understand the data and make it understandable
for other researchers, it is recommended to create a “data
manual” (see an example in Figure 6): After finalizing the
learning platform, a test run should be made and the log files
should be examined after every few interactions. This ensures,
on one hand, that all interactions to be recorded are also
recorded and, on the other hand, that all interactions can also
be explained. Each HSP element integrated into the learning
platform is assigned a specific “Content ID”, which can be
determined via this test run and documented in the data
manual.

Bl CONCLUSIONS AND LIMITATIONS

This paper presents a step-by-step overview of how a web-
based learning platform with interaction data tracking can be
realized without programming skills. We have contributed to
interested chemistry education researchers a method for
setting up an infrastructure and a feasible way to design a
learning platform from the ground up to meet high educational
standards while collecting fine-grained log file data in a
standard data format. In addition, we demonstrated successful
data mining with the web-based learning platform I;Learn.
Integrating learning analytics in chemistry education
requires extensive data.’’ The chemistry education research
community can collect rich and comprehensive data that can
potentially analyze and optimize teaching—learning processes
using the described approach. The absence of publicly available
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Pre-Test (What IzLearn needs to learn about you)

Page Content on Page Description
General questions; Only viewed
Full page with info
text and questions
Question: What grade Only viewed
are you?
Answered
Question: What Only viewed
language do you speak
most often at home?
Answered

xAPI Verb Answer options  HSP Content ID or
Subcontent ID

Consumed 156

Attempted [0] 9th year, [1]  bc8c80d2-b122-41c6-
10th year 82ed-8fbb67b529d5

Interacted

Attempted [0] German, [1] 6cd9c77d-f577-41ae-
other language 9652-3e27f05ac17b

Interacted

Figure 6. Excerpt of the data manual for I;Learn. At the beginning of the pretest, demographic information is requested. The manual allows the log
file entries in the raw data set to be identified because (a) each question has a unique “Content ID”, (b) each entry is tagged with an xAPI verb that
indicates the interaction made (column “Description”), and (c) the learner’s answer in the form of numbers which are explained by the manual.

and high-quality data sets, especially in chemistry education,
makes it necessary to collect data about learning processes
independently.'>*** The integration of learning analytics
includes statistical analysis of learning and usage behavior, such
as using text and videos within the learning platform. It also
enables the use of artificial intelligence, e.g,, to predict dropout
(Roski et al.**) or group (cluster) students according to their
learning behavior (Roski et al.'%). In order to ensure clarity and
the actual intention of this step-by-step overview, a more
detailed data analysis was omitted. In addition, the creation of
larger data sets allows researchers to address further science
education questions. For example, based on the aforemen-
tioned insights from the I;Learn data, it is possible to
investigate how the learning success of learners differs
depending on the preference for video or text resources—
but this is also beyond the scope of this article.

In our case study, I;Learn has been established in the field of
K12 education in the chemistry classroom for the topic of ion
bonding. However, the described approach using WordPress
also allows for integration in higher education, lifelong
learning, in-service training in the vocational sector, and
other (chemistry) domains.

In addition, three comments are necessary. First, the web-
based platform was used only to mine educational data. The
artificial intelligence-based applications described were trained
separately and “offline”. Currently, no artificial intelligence-
based applications are integrated into the web-based learning
platform. Second, when collecting fine-grade log file data from
learners, ethical dimensions must be considered when
collecting data.”” The collection of second-by-second inter-
action data also allows for the dedicated monitoring of
learners. Also, it allows learners to be assessed and seemingly
punished for less-than-optimal behavior based on the data.
Furthermore, the use of artificial intelligence methods can
cause bias and fairness issues that need to be minimized.’"**
Naturally, we have taken this into account in our approach (see
Roski et al.°"). Third, there are other methods of collecting
similar data, for example, via existing LMSs. We are just
presenting a more independent and open way.
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