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Abstract

Spelling and grammar are a priority in first language (L1) classrooms. Digital learning has increased significantly
around the world, particularly as a result of the COVID-19 pandemic. While the range of online learning for spelling
and grammar is very large, there is still no systematic review of the effectiveness of different features and platform
characteristics in this area. This systematic literature review summarizes research on online learning platforms for L1
spelling and grammar instruction. We aim to synthesize what is known about online L1 learning environments and to
infer the effectiveness and quality of a platform from its design, pedagogical approaches, or technologies used. Special
attention is paid to the different features that can be implemented in such platforms. 49 relevant publications were
included after a two-step screening process and application of inclusion and exclusion criteria. We found that digital L1
learning platforms are often described rather than evaluated in an experimental study. However, immediate feedback,
repetition of tasks, and varying levels of difficulty were described as particularly effective for learning success. While
digital learning platforms are widely used, adaptive or machine learning based methods were rarely found. The review
suggests future work in adaptive learning environments for L1 learners and the integration of experimental studies.
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Introduction

Today, online learning is becoming increasingly important. In particular, the Covid-19 pandemic, which has led to
school closures around the world, has significantly increased access to digital learning solutions. A study by the German
Federal Statistical Office showed that the proportion of 10 to 15 year olds using learning platforms increased more than
sevenfold from 8% to 59% in the first quarter of 2020 compared to 2019 (Statistisches Bundesamt, 2020).

Online learning is taking place in almost all subject areas and is intended to support school and university teaching, as
well as corporate and individual learning. However, one subject that plays an important role in schools around the world
is first language (L1) instruction, as learning spelling and grammar is essential for successful written and oral
communication. For example, Rossiter (2021) states that learning basic grammatical rules and principles is necessary in
order to express complex ideas with words (Rossiter, 2021). This is especially important in written communication
because the reader usually cannot ask the writer for clarification or repetition. Therefore, the correct use of grammar and
syntax, as well as vocabulary and spelling, is crucial to ensuring that the messages of a text are understood by the reader.
A society that shares common rules of grammar and spelling is more inclusive and less divided into social classes based
on level of education (Rossiter, 2021). Furthermore, knowledge of basic grammar and spelling is required for almost all
jobs, so being able to express oneself grammatically and knowing basic spelling rules is essential when applying for a
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job. In addition, research has found a positive relationship between L1 and L2 writing, which again supports the
importance of L1 skills (Strobel et al., 2020). Therefore, this study focuses on online learning of L1 spelling and grammar.

While L1 online learning may seem a rather narrow field, it is actually very diverse: platforms can be structured and
designed differently, target different groups of users, use different pedagogical approaches, and implement different
technologies and tools, such as learning analytics or educational data mining. For example, while simply moving a test
from paper-based to computer-based has no impact on user outcomes (Taylor et al., 1999), digital learning platforms with
different features, designs and gamification elements can strongly influence the user's learning experience. However, a
large proportion of the learning platforms available online are not scientifically validated (Knopf, 2016). Scientific
research in this area, on the other hand, often focuses on the presentation of a single platform and its measured
effectiveness. This research therefore aims to synthesize knowledge about online L1 learning from around the world and
to infer the effectiveness and quality of a platform from its design, target group, pedagogical approaches, or technologies
used. There is also a special focus on personalized and adaptive learning, as adaptive learning research is well advanced
and there are many technical possibilities for implementation. During our review, we intend to answer the following
research questions

RQ 1: What features are implemented in digital learning environments used for the acquisition of L1 spelling and
grammar skills?

RQ 2: Which features of digital learning environments for the acquisition of L1 spelling and grammar skills have
proven to be effective?

RQ 3: How widespread are features that support personalized or adaptive learning?

The review is structured as follows: first, section 1 presents the methodological approach. This includes the selection
of databases, search terms, and the criteria that led to the inclusion and rejection of a paper. The results are divided into
qualitative and quantitative results in section 2. The quantitative results provide an overview of selected characteristics of
all papers. The qualitative results deal with the content of the papers. The papers that present a learning platform are
described in terms of their method, the features used, and their results. At the end of the review in section 3, the results
are discussed and interpreted.

1. Method

The following section describes the procedure of this literature review. First, we present the databases used, the search
period, and the search terms. We then present the inclusion and exclusion criteria. In addition, we describe the further
attempts we made to find relevant articles. This includes screening relevant journals as well as manually adding content
from book chapters that cannot be found digitally. Finally, in this section we present a flowchart showing the number of
papers in each step of the screening process.

To create the literature review, we searched three databases: Google Scholar, learntechlib, and ieeexplore.
Considerations of digital learning systems have been around for more than 20 years, so we did not limit our search in
time. The databases were searched in July and August 2021.

A total of 14 search terms were defined, 7 in German and 7 in English, as shown in Table 1. They each consist of two
parts. The first part contains keywords related to spelling and grammar skills. We have chosen to include spelling and
orthography because these are terms commonly used to describe these issues in schools. The second part is about digital
learning environments.

Table 1. Search Terms.

Language Search term

DE (rechtschreibung OR orthografie) AND (,digitale lernumgebung® OR lernplattform OR lernsoftware)
DE deutschunterricht AND ,digital* rechtschreibung*
ENG (spelling OR orthography) AND (“digital learning environment” OR “online learning” OR “virtual learning

environment”)

ENG “german lesson” AND “digital spelling”

Since there are no German-language papers in the learntechlib and ieeexplore databases, the German search terms
were only applied to Google Scholar. Inclusion and exclusion criteria were defined to objectively assess whether a
publication was included in the search, and are detailed in Table 2.
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Table 2. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

L1 learning L2 learning / English as a foreign language (EFL) / second
language learning

Papers written in English or German Papers written in other languages

All target languages -

Spelling, Grammar, Vocabulary, Phonetics Essay-writing, reading, theater books

Doctoral theses Bachelor or master theses

Digital learning regarding L1 Digital learning in general, without relation to L1 learning
Platforms and their features Educational Design / Pedagogical Settings

Tools and plugins to use in digital learning settings, such as
automated error tagging

Only papers that examine digital learning platforms, environments or software in first language classrooms will be
included. Any content dealing with second language learning is not included. Also, only papers written in English and
German are included, but all languages studied are included. The skills studied in the papers must be spelling, vocabulary,
grammar, or phonetics. Other content taught in first language classes (e.g., essay writing, reading, drama, literature, and
interpretation) is not included. Similarly, bachelor's and master's theses are excluded, but doctoral theses are included.

In addition to extracting the results from the search terms and databases, we made further attempts to find relevant
publications. To do this, we used the results of the database search after the end of the second screening to find out which
journals appeared most frequently in our results. From all journals with at least two publications in our results, we again
screened all publications from the last five years (2017-2021). In addition, we manually added a few more papers. These
include papers in non-digital edited volumes and articles by authors referenced in the other papers.

During our review of the results, there was one outlier. One paper presented a language learning app for children with
a migration background (Gebele & Kaleta, 2019; Neumann & Stahl, 2017). Strictly speaking, language instruction for
children with a migrant background cannot be counted as L1, since the children have a different first language. However,
these children are of course part of the first language class. Furthermore, the applications are also used in this context -
especially to support the teachers in dealing with the heterogeneity of the classes. Therefore, we decided to include this
case.

Figure 1 shows the flowchart of our screening process.

At the end of the screening process, 49 papers were included in the literature review. These 49 papers were clustered
according to different dimensions in order to answer the research questions. These include the language taught, the
competencies, and the user group, as well as the methodology implemented in the studies. In addition, categories of
features were derived from the results and the studies were clustered into these categories based on the features
implemented. The results of the studies are also considered.

2. Results

The following section describes the results of this literature review. We will first provide a quantitative overview of
the included work and then describe it in more detail.

2.1. Quantitative results
Although we were only able to include papers written in German and English, the papers in our results discussed digital

L1 learning of many different languages. Figure 2 shows the distribution of languages. The vast majority of results
examine learning platforms in German. 8 other studies look at L1 English lessons. Other languages appear only 1-2 times.
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Figure 1. Flow Chart of the screening process.

Since we are dealing with first language instruction, most of the papers consider younger school children. However,
there are some differences in the target group considered by the papers. Figure 3 shows the different target groups. While
primary and secondary schools are the majority of target groups studied, there is also research focusing on children from
migrant backgrounds and children with special needs, for example children diagnosed with ADHD, dyslexia or other
learning difficulties. Few papers also examine learning environments with pre-service teachers as the target group, for
example, interview studies discussing pedagogical concepts of L1 instruction.
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Figure 2. Distribution of languages in reviewed literature.
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Figure 3. User groups in reviewed literature.

Most platforms and research specialize in a particular skill to be learned through digital systems. Figure 4 shows the
skills studied. Based on the search terms, most of the results are related to spelling skills. These learning platforms offer
exercises in capitalization, punctuation, or phonetic-letter mapping. Other skills include learning the alphabet or new
words (vocabulary) and phonetic transcription.
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Figure 4. Competencies studied in reviewed literature.

2.2. Qualitative results

In the following, we discuss the qualitative findings of the 49 papers that present educational software, platforms, or
apps and examine their effectiveness. There are papers that propose and present learning platforms, apps or software for
L1 learners, as well as research that evaluates the effectiveness of technology-integrated instruction, for example through
experimental studies with a control and treatment group. Table 3 shows the methods used in these 49 papers. 16 papers
present an existing or planned software, application or learning platform. This includes an explanation of the pedagogical
background and pedagogical design, the goal of the software, and key features. A total of 12 papers conducted an
experimental study to investigate the effectiveness of the platform. For this purpose, control and intervention groups were
formed. In most cases, the control group was taught with regular school lessons, while the intervention group used the
presented platform or software in addition. Statistical measures were then used to determine whether the two target groups
differed in their scores and whether these differences were significant. Paired sample t-tests, among others, were used for
this purpose. Some articles assessed student learning using more specific measures, such as the Kaufmann Test of
Educational Achievement (KTEA). (Anderson & Kieran, 2016) or the Salzburg Reading and Writing Test 11 (Schofl,
2016). Other authors did not create a control and intervention group but studied the same group in pre- and post-tests.
Meanwhile, an application or learning platform was used. In one case, an individual's development was studied as an
example, and improvements were measured in pre- and post-tests. (Anderson & Kieran, 2016) Twelve studies used
qualitative methods: Interview studies surveyed users after using a product, others surveyed teachers or parents. One
study observed users' interactions with the learning platform, and two others qualitatively analyzed user-generated results.
There were also two literature reviews and two papers that used completely different methods.
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Table 3. Methods of presenting educational software.

Method Count Papers

Presentation of platform, software, or app 16 (Aspalter et al., 2017; BeiBwenger & Meyer, 2018, 2020;
Beiswanger, 2019; Ebner et al., 2016; Ebner et al., 2018; Eckle &
Knopf, 2016; Juhani Lyytinen et al., 2021; Jung et al., 2016; Knopf
& Brodt, 2016; Koller, 2011; Mangina et al., 2018; Miller, 2008,
2017; Schréter & Kochan, 2001; Wang, 2019)

Experimental study: pre- and posttest for 12 (Berkling, 2017; Berkling Kay, Pflaumer Nadine, Lavalley Rémi:,

treatment and control group 2015; Ghysels & Haelermans, 2018; Potocki et al., 2021; Prof|,
2016; Ronimus et al., 2020; Schéfl, 2016; Scholten-Theuerzeit &
Gorlich, 2007; Simpson & Park, 2013; van Weerdenburg et al.,
2019; Warren et al., 2008; Zare et al., 2020)

Pre- and posttest of one group or one person 6 (Anderson & Kieran, 2016; Berkling et al., 2015; Berkling &

(no control group) Kermes, 2020; Rdsch et al., 2016; Tan Geok Tin et al., 2018;
Titterington & Bates, 2018)

Qualitative analysis or comparison of the user 3 (Berndt, 2005; Cordero et al., 2018; Diekmannshenke, 1999)

results (e.g., written text)

Qualitative user interviews 4 (Bahr & Langenberg, 2009; Scholten-Theuerzeit & Gorlich, 2007;
Schwaiger et al., 2018; Tazouti et al., 2019)

Qualitative interviews of teachers or parents 3 (BeiBwenger & Meyer, 2020; Maskati et al., 2021; Zou, 2006)

User observation 3 (Krammer et al., 2006; Maskati et al., 2021);
(Winkler et al., 2015)

Literature review 2 (Majid & Salam, 2021; Parmaxi & Demetriou, 2020)

Other methods 2 Kline & McCartney, 2018; Winkler et al., 2015

When introducing and investigating a new learning platform or software, it is of interest how the pedagogical goals
are to be achieved. The range of features and structure of learning platforms, applications and software is very broad. In
the following, we will examine the features from five perspectives, each of which describes different aspects of a learning
platform: user interface, instructional features, gamification, reporting, and other (Table 4). The first perspective relates
to the user interface and the presentation of learning content. In this category, eight papers have incorporated narratives,
such as a mascot, a teaching agent, or a consistent storyline. Many platforms incorporate multimedia elements, including
visual components such as graphics and animations, and auditory components such as voice output to read words aloud.
One paper advocates allowing users to record their own voice and play it back on the platform to detect pronunciation
errors. Three applications feature a touchscreen interface, and two papers describe a 3D learning environment. Neumann
and Stahl (2017) integrate push notifications to remind users. Ebner et al. (2018) offer the possibility to publish texts
within the class.

From an instructional perspective, the most common feature is immediate constructive feedback, which is included in
18 papers. Nine papers describe automatic repetition of tasks that a user has done incorrectly. The use of word lists,
intelligent dictionaries, and spell checkers is found in 10 papers. Different levels of difficulty are offered in 12 papers,
and the level of difficulty is individually adjusted in eight papers. Less common are suggestions for further tasks,
suggestions for alternative spellings of words, or the display of help and corrections. Five papers consider the potential
of augmented and virtual reality, and only one paper writes about performance prediction. (Ebner et al., 2016).

A gamification perspective is taken in 21 papers. Many use gamification elements such as a progress bar, points,
badges, rewards, life and death. Seven papers are multi-user games that promote social collaboration among users in
addition to language skills.

A reporting perspective is included in 10 papers. The reporting modules can either be viewed by the users themselves,
e.g. as dashboards, or as diagnostic modules that can be viewed by parents and teachers. Other features include suitability
for blended learning concepts or adaptations according to national curricula.

In several categories there are features that can also be implemented adaptively. This is especially true for adaptive
adjustment of difficulty. (Ghysels & Haelermans, 2018; Jung et al., 2016; Krammer et al., 2006; Pro631, 2016; Ronimus et
al., 2020) or adaptive feedback (Berkling & Kermes, 2020). A diagnostic module has also been implemented adaptively.
(Diekmannshenke, 1999).
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Table 4. Features in digital learning platforms.

Feature Count Papers

User Interface / Representation

Narratives, such as storyline, narrator 8 (Anderson & Kieran, 2016; Kline & McCartney, 2018; Maskati et al., 2021;
Scholten-Theuerzeit & Gorlich, 2007; Schréter & Kochan, 2001; van
Weerdenburg et al., 2019; Wang, 2019; Warren et al., 2008)

Multimedia (voice output, visuals, 20 (Anderson & Kieran, 2016; Beiswanger, 2019; Berkling et al., 2015;

animations) Berkling, 2017; Berkling Kay, Pflaumer Nadine, Lavalley Rémi:, 2015;
Cordero et al., 2018; Eckle & Knopf, 2016; Juhani Lyytinen et al., 2021;
Krammer et al., 2006; Maskati et al., 2021; ProRl, 2016; Ronimus et al.,
2020; Schréter & Kochan, 2001; Tan Geok Tin et al., 2018; Tazouti et al.,
2019; Titterington & Bates, 2018; Wang, 2019; Warren et al., 2008; Zare
et al., 2020; Zou, 2006)

Upload and play own audio recording 1 (Fey & Matthes, 2017)

Touch-screen interface 3 (Cordero et al., 2018; van Weerdenburg et al., 2019; Wang, 2019)

3D Learning environment 2 (Tazouti et al., 2019; Warren et al., 2008)

Push-notifications 1 (Neumann & Stahl, 2017)

Opportunity to share results with class 2 (Ebner et al., 2016; Ebner et al., 2018)

Chat function 1 (Rosch et al., 2016)

Instruction features

Immediate, corrective feedback 18 (Anderson & Kieran, 2016; Aspalter et al., 2017; Berkling et al., 2015;
Berkling, 2017; Berkling & Kermes, 2020; Berkling Kay, Pflaumer Nadine,
Lavalley Rémi:, 2015; Ebner et al., 2016; Ebner et al., 2018; Ghysels &
Haelermans, 2018; Muller, 2008; Potocki et al., 2021; Ronimus et al.,
2020; Scholten-Theuerzeit & Gorlich, 2007; Schréter & Kochan, 2001;
Titterington & Bates, 2018; Wang, 2019; Warren et al., 2008; Zare et al.,
2020)

Repetition of incorrectly answered tasks 9 (Anderson & Kieran, 2016; Berkling et al., 2015; Berkling, 2017; Berkling
Kay, Pflaumer Nadine, Lavalley Rémi, 2015; Ghysels & Haelermans,
2018; Juhani Lyytinen et al., 2021; Mdiller, 2008; ProRl, 2016; Zare et al.,
2020)

In-game dictionary 4 (Anderson & Kieran, 2016; Ebner et al., 2016; Ebner et al., 2018; Kdller,
2011)

Word list (Anderson & Kieran, 2016; Wang, 2019)

Spell-checking, Thesaurus (Berndt, 2005; Ebner et al., 2016; Ebner et al., 2018; Zou, 2006)

Pre-test (Diekmannshenke, 1999; Jung et al., 2016; Koller, 2011; Simpson & Park,
2013)

Different levels 12 (BeilRwenger, 2020; BeiBwenger & Meyer, 2018, 2020; Berkling et al.,
2015; Berkling, 2017; Berkling Kay, Pflaumer Nadine, Lavalley Rémi:,
2015; Fey & Matthes, 2017; Potocki et al., 2021; ProfRl, 2016; Schofl,
2016; Titterington & Bates, 2018; Zare et al., 2020)

Individual adjustment of the difficulty levels 8 (Berkling & Kermes, 2020; Ghysels & Haelermans, 2018; Jung et al.,
2016; Krammer et al., 2006; ProRl, 2016; Ronimus et al., 2020; Schofl,
2016; Simpson & Park, 2013)

Recommendation 2 (Ebner et al., 2016; Ebner et al., 2018)

Suggestions for alternative word spellings 3 (Berndt, 2005; Ebner et al., 2016; Ebner et al., 2018)

Display of mistakes and corrections 1 (Mdller, 2017)

Help 1 (Warren et al., 2008)

Performance predictions 1 (Ebner et al., 2016)

Pedagogical selection of words suitable for 1 (Schwaiger et al., 2018)

children

AR/ VR 5 (Eckle & Knopf, 2016; Majid & Salam, 2021; Mangina et al., 2018; Maskati

et al., 2021; Parmaxi & Demetriou, 2020)
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Gamification

Game-based learning 18 (BeiBwenger, 2020; Beilwenger & Meyer, 2018, 2020; Berkling et al.,
2015; Berkling, 2017; Berkling Kay, Pflaumer Nadine, Lavalley Rémi,
2015; Eckle & Knopf, 2016; Jung et al., 2016; Koller, 2011; Krammer et
al., 2006; Majid & Salam, 2021; Mangina et al., 2018; Mdiller, 2017; ProRl,
2016; Rosch et al., 2016; Schwaiger et al., 2018; Winkler et al., 2015;
Zare et al., 2020)

Serious game (Berkling & Kermes, 2020; Ronimus et al., 2020; Tazouti et al., 2019)

Multi-user gameplay (BeiRwenger, 2020; BeilRwenger & Meyer, 2018, 2020; Jung et al., 2016;
Rosch et al., 2016; Warren et al., 2008; Winkler et al., 2015)

Progress Bar 5 (Berkling et al., 2015; Berkling, 2017; Berkling Kay, Pflaumer Nadine,
Lavalley Rémi, 2015; Fey & Matthes, 2017; Wang, 2019)

Reward system 8 (BeiBwenger, 2020; BeiBwenger & Meyer, 2018, 2020; Beiswanger, 2019;
Berkling et al., 2015; Berkling, 2017; Berkling Kay, Pflaumer Nadine,
Lavalley Rémi, 2015; ProRl, 2016; Schwaiger et al., 2018)

Multi-agent 1 (Tazouti et al., 2019)

Points, Badges 8 (BeiRwenger, 2020; BeiBwenger & Meyer, 2018, 2020; Berkling et al.,
2015; Berkling, 2017; Berkling Kay, Pflaumer Nadine, Lavalley Rémi,
2015; Fey & Matthes, 2017; Miller, 2017)

Fun death, lives 3 (Berkling et al., 2015; Berkling, 2017; Berkling Kay, Pflaumer Nadine,
Lavalley Rémi, 2015)

Reporting

Dashboard 6 (Ebner et al., 2016; Ebner et al., 2018; Jung et al., 2016; Miiller, 2017;
Schdfl, 2016; Scholten-Theuerzeit & Gorlich, 2007)

Reporting and diagnostics module 6 (Aspalter et al., 2017; Diekmannshenke, 1999; Ebner et al., 2016; Ebner
et al., 2018; Ghysels & Haelermans, 2018; Mangina et al., 2018)

Other

Blended Learning 4 (BeiBwenger, 2020; BeiBwenger & Meyer, 2018, 2020; Berkling &
Kermes, 2020)

Curriculum based content 2 (Knopf & Brodt, 2016; Warren et al., 2008)

A rough overview of the results of the reviewed papers is given in Table 5. A total of 16 papers investigated the
effectiveness of the presented application, software or platform with statistical tests. Of these, 14 showed a significant
improvement, either for the treatment group or, if there was no control and treatment group, for the post-test. Only 2
papers showed no improvement. Positive qualitative results were reported in 17 papers. These include good ratings of the
software in user surveys or teacher interviews, an improvement in motivation and engagement shown in user observations,
or the positive evaluation of user outcomes in a qualitative comparison with outcomes from traditional teaching. 15 papers
presented only one educational software or application and therefore did not present any results.

Table 5. Results of control treatment experiments.

Results Count Papers

Statistically significant improvement in 14 (Anderson & Kieran, 2016; Berkling et al., 2015; Berkling,

comparison with the control group or pretest 2017; GhySGlS & Haelermans, 2018; Potocki et al., 2021;
ProRl, 2016; Rosch et al., 2016; Scholten-Theuerzeit &
Gorlich, 2007; Simpson & Park, 2013; Tan Geok Tin et al.,
2018; Titterington & Bates, 2018; van Weerdenburg et al.,
2019; Warren et al., 2008; Zare et al., 2020)

No statistically significant improvement in 2 (Ronimus et al., 2020; Schofl, 2016)

comparison with the control group

Qualitative improvement (e.g., in 17 (BeilRwenger & Meyer, 2020; Beiswanger, 2019; Berkling Kay,

questionnaire, improvement of motivation
and engagement, or manual analysis)

without statistical measurement

Pflaumer Nadine, Lavalley Rémi:, 2015; Berndt, 2005;
Cordero et al., 2018; Ebner et al., 2018; Juhani Lyytinen et al.,
2021; Kline & McCartney, 2018; Krammer et al., 2006;
Maskati et al., 2021; Parmaxi & Demetriou, 2020; ProRI, 2016;
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Scholten-Theuerzeit & Gorlich, 2007; Schwaiger et al., 2018;
Tazouti et al., 2019; Winkler et al., 2015; Zou, 2006)

No result, just proposal 15 (Aspalter et al., 2017; Beilwenger, 2020; Beilwenger &
Meyer, 2018; Diekmannshenke, 1999; Ebner et al., 2016;
Eckle & Knopf, 2016; Fey & Matthes, 2017; Jung et al., 2016;
Knopf & Brodt, 2016; Kdller, 2011; Mangina et al., 2018;
Mdiller, 2008, 2017; Rosch et al., 2016; Schréter & Kochan,
2001; Wang, 2019)

Other 3 (Bahr & Langenberg, 2009; Berkling & Kermes, 2020; Majid &
Salam, 2021)

3. Discussion

After presenting the results, we will interpret and summarize them in the following sections in order to draw
conclusions and answer the research questions defined at the beginning of the review. In addition, we will present the
limitations of the papers and the review process, as well as implications for future research.

Our research questions focus on the features of digital learning environments:

RQ 1. What features are implemented in digital learning environments for the acquisition of L1 spelling and grammar
skills?

We divided the features in our findings into different categories: user interface and presentation (1), instructional and
technical features (2), gamification (3), reporting (4), and other (5). Most digital learning platforms work with different
types of multimedia, such as visuals, animations or voice output. Commonly used learning features are immediate
feedback, repetition of incorrect tasks, and difficulty levels. In addition, many papers implemented game-based learning,
where a reward system such as points and badges was most often used. There were only a few platforms that implemented
some kind of reporting module.

The second research question focused on the evaluation of features:

RQ 2. What features in digital learning environments have been shown to be effective for the acquisition of L1 spelling
and grammar skills?

Most of our findings presented and described educational software, platforms, or applications. However, out of 49
papers, only 18 conducted an experimental study with pre- and post-tests, and only 12 also had a treatment and control
group. The other papers mainly described their software or conducted a qualitative analysis through user interviews,
observation, or comparison of results. Although there are some experimental studies, we conclude that the majority of
research on online L1 learning is descriptive.

RQ 3: How widespread are features that support personalized or adaptive learning?

Of particular interest for the development of digital learning platforms and the core area for the use of personalized
and adaptive learning is the area of instructional features (Table 4). This area is of particular interest because much of the
differentiation in the learning experience takes place here. While the technical possibilities for adaptive learning are
already being explored by researchers, many L1 learning platforms do not yet incorporate these techniques. A striking
aspect of the analysis and review of features is that overall there are few platforms that are adaptive or use technologies
from the field of educational data mining. Adaptive platforms are defined by Paramythis and Loidl-Reisinger as adaptive
when they are "capable of: monitoring the activities of its users; interpreting these activities on the basis of domain-
specific models; inferring user requirements and preferences from the interpreted activities, representing these
appropriately in associated models; and finally, acting on the available knowledge about its users and the subject matter
at hand to dynamically facilitate the learning process" (Paramythis & Loidl-Reisinger, 2003). Some of the listed features
can be implemented adaptively. These include performance prediction, recommendation, individual adjustment of
difficulty, and a diagnostic module. However, the actual implementation or presentation of adaptive learning is only
described in nine papers (Berkling & Kermes, 2020; Diekmannshenke, 1999; Ghysels & Haelermans, 2018; Jung et al.,
2016; Krammer et al., 2006; ProB1, 2016; Ronimus et al., 2020; Schofl, 2016; Simpson & Park, 2013).

The most frequently used instructional features are immediate feedback, different levels and individual adaptation to
the user, and repetition of incorrectly solved tasks. Table 6 is an integration of features and results. Included are all features
from the Instruction category. The columns define three types of results: statistically significant improvement, no
statistically significant improvement, and qualitative improvement. Only papers that reported results are included in this
table.
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Table 6. Integration of instruction features and results.

Feature Statistically No statistically Qualitative improvement
significant significant (e.g., in questionnaire,
improvement in improvement in improvement of motivation
comparison with the comparison with and engagement, or manual
control group or the control group analysis without statistical
pretest measurement

Immediate, corrective feedback 18 1 2
Repetition of incorrectly answered tasks 9 0 2
In-game dictionary 4 0 1
Word list 2 0 0
Spell-checking, Thesaurus 0 0 4
Pre-test 4 0 0
Different levels 12 0 3
Individual adjustment of the difficulty levels 8 2 1
Recommendation 0 0 2
Suggestions for alternative word spellings 0 0 3
Display of mistakes and corrections No results

Help 1 0 0
Performance predictions No results

Pedagogical selection of words suitable for children 0 0 1
AR/ VR 0 0 2

It can be seen that the four most studied features also showed many statistically significant and qualitative
improvements in the results. Furthermore, some of the features were not tested in an experimental study at all, but only
in the descriptions of the learning platforms. In this context, publication bias should be taken into account. Studies that
do not achieve statistically significant results are published much less frequently than those that do. Therefore, only
cautious conclusions can be drawn from the frequency of significant / non-significant results.

When interpreting the results, differences between German-language publications (n=20) and English-language
publications (n=29) are also noticeable. When comparing the methodology, there is a clear difference, as German
publications are mainly found as presentations and descriptions of platforms (n German = 11, n English = 5) and English
publications are mainly found in experimental studies with pre- and posttests (n German = 3, n English = 15). When
comparing the features used, multimedia features are included much more often in English language studies than in
German language studies (n German = 4, n English = 16). The features immediate, corrective feedback and repetition of
incorrectly answered tasks are also presented more often in English language publications. The entire gamification
section, on the other hand, has consistently found more space in German-language publications. It is possible that these
differences are related to the fact that in German-speaking countries, platforms with gamification or learning games are
presented, while in English-language studies, standard features of learning platforms are compared with each other and
experimental studies are conducted.

In general, despite the widespread use of learning platforms for language acquisition around the world, detailed
research on the effectiveness of these platforms is still in its infancy. While there is a great deal of research on such
platforms, much of it does not go beyond description. There are few studies with control and intervention groups, and
there is a complete lack of individual research on the features implemented in these platforms. In addition, there is a large
gap between the many research findings in the field of learning analytics and adaptive learning: the transfer to practice
has not yet taken place in many cases.

Nevertheless, from the review of the literature, we were able to identify some features that stand out as positive
influences. These are immediate feedback, multiple levels, individualization, and repetition of incorrect exercises.

3.1. Limitations
The biggest limitation of our review process is that we could only include papers written in English and German. This

introduces a bias, as we have mainly papers that refer to the first languages German and English. It is conceivable that
other approaches to digital learning environments have been found in other languages, especially if they are languages
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with a different script (for example, Chinese or Arabic). There may also be a fundamental bias in this area, as first language
learning platforms may be published primarily in that first language. This makes it difficult to share research across
languages. It would be interesting to find out which features of learning platforms are effective in all languages and which
differ from language to language.

Another limitation may be that in many cases the results of an evaluation of learning platforms cannot be related to
individual features, but only to the platform itself. This means that if a platform is found to be effective and implements
a number of different features, it is not possible to say which of the features were responsible for the positive evaluation
of the platform. This could be remedied by a study design that compares different features or interventions within the
same platform (i.e., with the same language, user group, and competence). This can be done in the context of A/B testing
and then statistically evaluated.

When comparing results, publication bias must always be taken into account. Papers with statistically significant
results are published much more often than papers without significant results. This makes it difficult to compare
significant and non-significant results. Therefore, comparing the results does not allow us to draw accurate conclusions
about the effectiveness of features for users. Therefore, it is better to compare the features with each other, and possibly
find out if there are a particularly large number of publications that use a particular feature, as well as publications that
compare features in their work.

3.2. Implications for future research and practice

Our review leads to some implications for further research. First, further research should be conducted to systematically
test and evaluate features of L1 learning platforms with a large group of users. In this way, it can be compared which
technical implementations are particularly suitable for supporting users in learning their first language. Furthermore, it
should be investigated whether and to what extent the results differ for different target groups (e.g. grade level, type of
school or children with special needs).

In general, there is still a great potential for adaptive learning platforms for L1 learning. There is still little research in
this area, although the technical possibilities of adaptive learning are being investigated in many studies. It would also be
interesting to compare digital and adaptive learning platforms to find out how effective adaptive learning is for first
language learning. Furthermore, more standardized criteria could be developed to measure the quality of platforms. By
integrating these issues, research can go a step further and consider the field of digital learning of L1 languages in a
holistic and integrated way.

Further implications for practice are that the use of online platforms for L1 learning is effective, especially if they
implement immediate feedback, task repetition, or personalized adaptations. Practitioners should also be encouraged to
implement learning analytics and adaptive learning in their platforms, as these have been extensively researched and
shown to be effective in many areas of learning.

Conclusions

This paper presents a systematic review of digital learning environments for first language learning. In a total of 49
papers, we find that many papers deal with platforms for L1 instruction, but several do not go beyond a descriptive
approach. Evaluations of the platforms show that most are positively evaluated and are particularly effective in
implementing multiple levels, immediate corrective feedback, and task repetition. However, most platforms are digital
only and do not yet offer adaptive features.

In summary, we see that many platforms are described using a large number of features, but at the same time
experimental studies to compare the effectiveness of specific features are not yet a focus of research. Comparison is
therefore difficult, not only because features are not evaluated separately, platforms focus on different user groups and
competencies, but also because different languages may have different difficulties for their learners that need to be
addressed. But especially as personalized or adaptive learning features are increasingly implemented in learning
platforms, specific statistical evaluations are needed.
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