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Introduction 
Digital game-based learning is becoming a powerful tool in education (e. g., 

Boyle et al., 2016 ). However, several open issues remain that require further

research in order to optimize the use of game-based learning and 

educational video games. One unique characteristic of digital learning games

is the wealth of data they produce, which can be acquired and used for 

(learning) analytics and adaptive systems. Adaptive learning environments 

are part of a new generation of computer-supported learning systems that 

aim to provide personalized learning experiences by capitalizing on the 

generation and acquisition of knowledge and other types of data regarding 

learner’s cognitive capabilities, knowledge levels, and preferences, among 

other factors (e. g., Mangaroska and Giannakos, 2019 ). 

Adaptive learning is characterized by an adaptive approach to learner’s 

individual needs and preferences in order to optimize learning outcomes and

other learning-related aspects, such as motivation. While the idea of 

adaptive learning is not new (e. g., mastery learning as discussed by, Bloom,

1968 ) and has received strong support from researchers in educational 

psychology ( Alexander, 2018 ), it is surprising how few systematic studies 

are available on adaptive learning with digital technologies and game-based 

learning in particular. For instance, a recent review of adaptive learning in 

digital environments in general found evidence of the effectiveness of 

adaptivity ( Aleven et al., 2016 ). However, in this review, only one study was

identified as having used an educational video game, thus demonstrating the
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lack of research currently being performed on adaptive learning in the 

domain of game-based learning. 

Most entertainment games are pre-scripted and therefore have static (game)

elements such as, content, rules, and narratives ( Lopes and Bidarra, 2011 ). 

While “ fun” is the locus of attention in entertainment games and has been 

investigated in learning games as well ( Nebel et al., 2017c ), educational 

games serve additional purposes, as they need to convey learning content 

appropriately to learners. According to Schrader et al. (2017) adaptivity in 

educational games can be defined as “ a player-centred approach by 

adjusting game’s mechanics and representational modes to suit game’s 

responsiveness to player characteristics with the purpose of improving in-

game behavior, learning processes, and performance” (p. 5). Hence, finding 

the right balance between the learner’s skills and the challenge levels of the 

games is a critical issue, especially as the perceived difficulty and inferred 

feedback after facing a task could influence learning outcomes (e. g., Nebel 

et al., 2017b ). Researchers agree that educational video games could utilize

adaptivity to optimize knowledge and skills acquisition (e. g., Lopes and 

Bidarra, 2011 ; Streicher and Smeddinck, 2016 ). Potentially, all elements of 

a game can become adaptive elements ( Lopes and Bidarra, 2011 ). For 

instance, gameplay mechanics, narrative and scenarios, game content and 

its objectives, etc., all can contribute to offer and personalized and 

individualized gaming and learning experience. 

It seems natural for learning material to be adapted to individual needs and 

preferences. In analogue learning settings, this can be achieved by 
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individualized support from educators, teachers, etc.; in multiplayer games, 

social processes can trigger similar processes ( Nebel et al., 2017a ). For 

single-player games, however, there are several different ways to acquire 

the data needed to identify user’s needs or preferences (for a review see 

Nebel and Ninaus, 2019 ) and to change the learning environment 

accordingly (for a review see Aleven et al., 2016 ). Numerous studies have 

demonstrated that data or analytics gathered during play can be used to 

successfully detect various cognitive (e. g., Witte et al., 2015 ; Appel et al., 

2019 ), motivational (e. g., Klasen et al., 2012 ; Berta et al., 2013 ), and 

emotional (e. g., Brom et al., 2016 ; Ninaus et al., 2019a ) states of users (for

a review see Nebel and Ninaus, 2019 ). The analytics used in such studies 

range from simple pre-test measures and self-reports to more complex 

process measures utilizing (neuro-)physiological sensors (for a review see 

Ninaus et al., 2014 ; Nebel and Ninaus, 2019 ). Consequently, the current 

systematic review aims to identify if and how such analytics have been used 

to realize adaptive learning in games. In particular, we wanted to investigate

the use of adaptive learning in educational games by utilizing analytics to 

adapt learning content to the skill level or cognitive capability of the 

player/learner. 

While games theoretically offer many opportunities for adapting their 

content (e. g., visual presentation, narrative, difficulty), many factors usually 

need to be considered when implementing adaptivity. These factors include 

which analytics are used and what as well as how content is actually being 

adapted by the game or its underlying algorithms. Accordingly, frameworks 

for adaptive educational games are often guided by two questions (c. f., 
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Shute and Zapata-Rivera, 2012 ): First, what to adapt: Which analytics and 

data are utilized to implement adaptivity and which elements are adapted 

(e. g., feedback, scaffolding, etc.)? Second, how to adapt: Which general 

methods are used to implement adaptivity? While different frameworks of 

adaptive (educational) games differ in their granularity and their specific 

design, they share the common goal of providing a generic approach on how 

to realize adaptivity (e. g., Yannakakis and Togelius, 2011 ; Shute and 

Zapata-Rivera, 2012 ; Schrader et al., 2017). For instance, Shute and Zapata-

Rivera (2012) suggest a four-process adaptive cycle that connects the 

learner to appropriate educational material through the application of a user 

model. These generic frameworks are helpful for building adaptive systems, 

however, they tell very little about their effectiveness. Evaluating adaptive 

systems with empirical studies is therefore not only informative but 

absolutely necessary for advancing the field of adaptive educational games. 

Moreover, as the field of educational psychology aims to improve the 

theoretical understanding of learning ( Mayer, 2018 ), particular attention 

should be paid to the theoretical foundations of the adaptation mechanisms 

being used. This seems to be in contrast to recent trends in learning 

analytics (e. g., Greller and Drachsler, 2012 ) and game-learning analytics (e.

g., Freire et al., 2016 ), which employ rather strong data-driven approaches. 

Thus, in our research, we focused especially on what is adapted, how 

adaptivity is implemented, and which analytics are utilized to realize 

adaptivity in game-based learning. In this latter respect, by identifying the 

analytics used for adaptivity, we sought to produce a precise overview of 

successful and less successful approaches in adaptive game-based learning 
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in the interest of identifying practical needs and recommendations. That is, 

we aimed to provide a systematic overview of the current state of the art of 

adaptivity in game-based learning by analyzing the ways in which empirical 

research is currently being conducted in this field of research, which 

theoretical foundations are being used to realize adaptivity, and what is 

being targeted by adaptivity. 

Description of Research Problem 
That learning environments have the potential to act dynamically by 

gathering user data or pre-test values and responding by altering the 

learning tasks within a digital environment has been an established fact for 

decades (e. g., Skinner, 1958 ; Hartley and Sleeman, 1973 ; Anderson et al., 

1990 ; Aleven et al., 2009 ). This approach might be particularly relevant in 

the field of game-based learning, as games are usually considered to involve

highly dynamic environments and adaptive learning seems to be a promising

avenue by which learning outcomes in digital learning can be enhanced (for 

a review see Aleven et al., 2016 ). However, the extent to which adaptivity 

has been implemented in empirical studies using game-based learning has 

thus far not been systematically documented. Consequently, in the current 

pre-registered systematic literature review (see Ninaus and Nebel, 2020 ), 

we pay particular attention to game-based learning environments to uncover

the current state of research in this field. An increasing number of studies 

have demonstrated the use of various analytics to identify different mental 

states of the users that might be useful for adapting educational games in 

real time (for a review see Nebel and Ninaus, 2019 ). However, it remains 

unknown whether these suggested adaptive approaches have actually been 
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implemented and evaluated in game-based learning. Thus, with this 

systematic literature review, we aim to address this open question by 

analyzing the current state of the literature. Instead of motivation or 

personality-based adaptations (e. g., Orji et al., 2017 ), we focused on 

cognition or performance-based adaptations, as learning theories heavily 

focus on this perspective (e. g., Sweller, 1994 ; Sweller et al., 1998 ; Mayer, 

2005 ) and it allows for a more focused analysis of the current literature. 

Accordingly, we sought to identify successful (learning) analytics for 

adapting the game-based learning environment to, for instance, the skill 

level or cognitive capability of the learner. That is, which data about learners

or their context can be utilized for understanding and optimizing learning by 

adapting the learning environment. Doing so might shed light on which 

approaches are most successful in adaptive game-based learning and 

thereby advance the field and provide practical recommendations for 

researchers and educators alike. 

Study Objectives 
Taken together, this paper systematically reviews the ways in which 

adaptivity in game-based learning is realized. For this pre-registered 

systematic literature, we broadly searched for empirical studies that utilized 

analytics to realize adaptivity in game-based learning scenarios and 

educational video games. Based on the previously described research gaps, 

we were specifically interested in the following three research questions 

(RQ): 

(RQ1) How is research in the field of analytics for adaptation in educational 

video games currently conducted? For instance, which learning domains and 
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analytics are most popular as well as most successful in this research field, 

and which empirical study designs are currently being employed to study the

effects of adaptive elements? 

(RQ2) What cognitive/theoretical frameworks within analytics for adaptation 

in educational video games are currently used? That is, which theoretical 

underpinnings are currently being used to integrate, justify, and evaluate 

analytics in adaptive educational video games? 

(RQ3) What types of outcomes are influenced by an adaptive approach? For 

instance, are the analytics and adaptive mechanisms used for adapting the 

difficulty of a quiz in a game or is the overall pace of the gameplay altered? 

To contribute a precise overview as well as to identify areas for future 

development in the analytics for adaptation research field, this paper follows 

the meta-analysis article-reporting standards proposed by the American 

Psychological Society (2020a) , and the PRISMA checklist ( Moher et al., 2009

) has been used to ensure the inclusion of all relevant information. 

Materials and Methods 
Research Design Overview 
This review can be considered systematic ( Grant and Booth, 2009 ) as it 

includes clarifications of the research questions and a mapping of the 

literature. Furthermore, the information generated by the review was 

systematically appraised and synthesized, and a discussion on the types of 

conclusions that could be drawn within the limits of the review was included 

( Gough et al., 2017 ). A systematic approach was chosen to more fully 
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investigate the range of available research in the field and to produce more 

reliable conclusions with regard to the research questions. Although all 

literature reviews should be question-led ( Booth et al., 2016 ), rather 

specific research questions and an overarching synthesis of the findings 

demarcate this review from similar approaches, such as scoping reviews (

Arksey and O’Malley, 2005 ; Munn et al., 2018 ). To further enhance 

methodological integrity, a pre-registration was filed prior to data collection (

Ninaus and Nebel, 2020 ). Finally, the review was conceptualized with a 

focus on open material by, for instance, providing the developed coding 

table ( Moreau and Gamble, 2020 ). This, combined with an in-depth 

description of the approach, should enable future replications of this review, 

in turn facilitating the systematic identification of additional developments in

the field. 

Study Data Sources 
Researcher Description 

Both lead researchers for this study are experts on experimental 

investigations of learning technologies, such as educational video games, 

and actively seek to investigate new approaches for enhancing learning 

processes. Both researchers have published experimental research in this 

field and were therefore capable of analyzing and systematizing the sample 

collected for the current study. However, it should be noted that some 

papers eligible for inclusion in the analysis were authored by the researchers

themselves. Additionally, research assistants with experience working with 

experimental research and publications supported the coding procedure. The

team’s affiliation with the field of psychology provided the necessary skills to
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interpret and evaluate the quality and potential of the measures and 

frameworks employed as needed for addressing RQ2 and RQ3. That said, 

given that the overall perspective taken for this work was decidedly 

psychological in nature, other approaches from relevant fields, such as 

computer science, received less emphasis. 

Study Selection 

The following search strategy ( Figure 1 ) was pre-registered ( Ninaus and 

Nebel, 2020 ) and employed for this review. Using the Frontiers research 

topic “ Adaptivity in Serious Games through Cognition-based Analytics” as a 

basic foundation ( Van Oostendorp et al., 2020 ), articles that addressed 

some sort of adaptivity, use of a digital educational game, or use of a 

variation of analytics, and were based on a learning or cognitive framework, 

were collected. To identify this research, the Population, Intervention, 

Comparison, and Outcome (PICO; Schardt et al., 2007 ) approach was used, 

as it results in the largest number of hits compared to other search 

strategies ( Methley et al., 2014 ). To address population , labels describing 

the desired medium (e. g., educational video games) were used. If 

necessary, quotation marks were used to indicate the search for a specific 

term instead of a term’s components (e. g., “ Serious Games” to prevent a 

misleading hit for serious ). Regarding intervention , search terms were used 

that addressed the topics of our research questions, such as adaptivity and 

analytics. The outcome segment was represented by keywords suitable for 

capturing the overall cognitive and learning focus of this review (e. g., 

cognition, learning). Finally, the comparison component could not be applied 

within this review, as a specific empirical procedure was not pre-defined; 
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instead, this component served as a subject of interest for this review. These

considerations led to the following search query: 

FIGURE 1  

Study collection flowchart; based on Moher et al. (2009) . 

(Adaptivity OR Adaptive OR Adjustment) AND (“ Serious Games” OR DGBL 

OR GBL OR “ Educational Videogames” OR “ Game Based Learning” OR 

Simulations) AND (Analytics OR Analytic) AND (Cognitive OR Cognition OR 

Memory OR Brain OR Learning). 

Furthermore, the search engines were adjusted to search within the title, 

abstract, or keywords of the articles. A quick analysis of the field was 

conducted to identify the most useful bibliographic databases in line with the

psychological and empirical focus the review. As a result, the following 

databases were used: Association for Computing Machinery—Special Interest

Group on Computer-Human Interaction and Special Interest Group on 

Computer-Human Interaction Play ( dl. acm. org/sig/sigchi ), Elton Bryson 

Stephens Company Information Services ( search. ebscohost. com ), Web of 

Science ( webofknwoledge. com ), Scopus ( scopus. com ), and Education 

Resources Information Center ( eric. ed. gov ). Other databases with a 

different focus, such as the technology focused IEEE eXplore, were not used 

as they might result in no substantial results meeting inclusion- or exclusion 

criteria presented below (e. g., empirical methodology, inclusion of cognitive 

aspects, measured outcomes on human participants). In addition, an 

invitation to recommend articles suitable for the review was sent to 
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colleagues and spread via social media. Although the database search was 

carried out during February 2020, further additions through these additional 

sources were collected until the end of July 2020. 

Altogether, the search returned 496 articles ( Figure 1 ; for the full list of 

coded articles, see: Ninaus and Nebel, 2020 ). These articles were given an 

identifier consisting of their database origin and a sequential number (e. g., 

SCOPUS121). Entries gathered via recommendations and other channels 

were labeled with OTHER. This ID is used throughout this paper when works 

within the coding table are referenced. The collection process was followed 

by the first coding of the articles (see Figure 1 ; Coding I) using the pre-

registered coding table columns A1 to A18. 2 ( Ninaus and Nebel, 2020 ). 

During this phase, each entry was coded by one coder and verified by a 

second coder. When disagreement or uncertainty occurred between these 

two coders, a third coder was consulted and the issue was discussed until 

the conflict was resolved. For any remaining uncertainty, the rule of thumb 

was to include rather than exclude the articles in question. The use of at 

least two independent coders not only increased data quality but also 

ensured that none of the authors could code their own papers solely by 

themselves. The focus of this first coding phase was to ensure the eligibility 

of the search results. More specifically, only papers that presented outcome 

measures, were published in English, were appropriate in the context of the 

research questions, were peer-reviewed, and could be classified as an 

original research study were included in the review. Furthermore, studies 

that did not involve digital games, were published prior to 2000, did not 

document the measures that were used, could be classified as a review or a 
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perspective article, only applied a theoretical or technical framework, or 

were duplicates from other research results were excluded from the review. 

In addition, papers for which the full text could not be acquired were 

excluded as well. The coding procedure was stopped if any of the pre-

registered ( Ninaus and Nebel, 2020 ) exclusion criteria or inclusion criteria 

were met or not met, respectively. For example, the paper WOS32 was 

published prior to the year 2000 and thus had to be excluded. As a 

consequence, the columns following the publication year (A6) were not 

completed. 

The rationale for some of these exclusion and inclusion criteria are evident, 

such as the exclusion of duplicates. However, six criteria should be clarified 

further: 1) inclusion of outcome measures. For the analysis of RQ3, the 

papers had to provide detailed insights into the measured outcomes as 

influenced through adaptive elements. If no outcomes were included (e. g., 

CHIPLAY1) or could not be interpreted with respect to RQ3 (e. g., WOS87), 

then this work was excluded; 2) publication language in English. In order for 

the resulting coding table to be interpretable by both the coders and the 

potentially broad readership, only those works published in the English 

language were included in the review. Papers whose abstracts were 

translated into English but whose main text was not were also excluded (e. 

g., SCOPUS128); 3) appropriateness for the research question. As complex 

research questions were abbreviated to short keywords during the database 

research, the validity of the search results had to be verified. Doing so was 

crucial, as some keywords generated for the current study have also been 

used in different, unrelated fields or have ambiguous meanings when not in 
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context. For example, search items such as “ Learning” or “ Adaptivity” are 

also used in the field of algorithm research (e. g., EBSCO80); 4) original 

research study. To avoid redundancies and overrepresentations of specific 

approaches, only original research studies were included. Additionally, other 

meta- or review-like publications (e. g., EBSCO40) were excluded, as the 

current work sought to reach independent conclusions. Because of this, 

editorial pieces for journals (e. g., EBSCO86) or conferences (e. g., 

SCOPUS19) were also excluded. As RQ3 required experimentation and/or 

data collection, theoretical frameworks (e. g., SCOPUS199) or similar 

publications were omitted as well. Additionally, it was specified to focus on 

data stemming from human participants, thereby ruling out research using 

simulations (e. g., WOS42); 5) digital game use . As specifically stated within 

RQ1 and RQ2, this review addresses educational video games. The focus on 

digital technology was used to shed light on new approaches to adaptivity 

and assessment not feasible using other games, such as educational board 

or card games. Clearly, then, papers in which no game at all was included (e.

g., OTHER7) were excluded from the review as well. Similar but not identical 

approaches to video games, such as simulations (e. g., CHI1), were also 

omitted to retain the focus solely on games; 6) publication year. Technology 

continues to rapidly change and evolve. Thus, comparing research on 

specific properties of technology is especially challenging. To face this 

challenge, and to remain focused on new developments within the field of 

adaptivity and assessment, papers published before the year 2000 were 

excluded. Moreover, although the assessment of study quality is part of 

many systematic review frameworks (e. g., Khan, 2003 ; Jesson et al., 2011 ),
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it is also a much debated issue within review research ( Newman and Gough,

2020 ) and was therefore not used as a selection criterion. Study quality was,

however, investigated during the full-text analysis. 

In cases where certain criteria could not be conclusively determined based 

on the information presented in article abstracts and/or titles alone, these 

works were not excluded in the initial step Overall, 33 articles were deemed 

appropriate for further full-text review (see Figure 1 ; Coding II) or could not 

be excluded based solely on title or abstract information. Concerning the 

remaining, excluded articles, 12 were duplicates of other table entries, 70 

did not investigate digital games, 49 did not constitute original research, 318

contained no information relevant to the research questions, and 14 were 

published prior to the year 2000, resulting in an exclusion rate of 93. 35% 

after the initial coding phase. 

Subsequent to the initial coding phase, the authors and assistants coded the 

remaining articles and completed the pre-registered columns B to G, 

finalizing the coding table for publication alongside this paper. Similar to the 

initial phase, the second coding procedure was directed by the same criteria 

described above, excluding or including published works based on a full-text 

analysis. Consequently, two papers were identified as duplicates, four did not

investigate digital games, 10 did not include original research, and six 

contained no information relevant to the research questions—thus, these 22 

articles were also excluded. Ultimately, then, the second coding procedure 

resulted in the inclusion and coding of 10 papers (2. 01% of the complete 

sample) for subsequent analysis in this systematic literature review ( Table 1
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). One paper (OTHER1 and OTHER2) included multiple experiments and was 

therefore coded into separate rows in order to investigate the experiments 

individually. As noted above, three of the sample papers (30. 00% of the final

sample) were authored or co-authored by the authors of the present review. 

TABLE 1  

Reviewed studies. 

Papers Reviewed 
In addition to the overview table ( Table 1 ), a short summary is presented 

below, as the final sample was small enough to permit a brief discussion of 

each paper. The papers will be discussed in no particular order. 

Operation ARA: A Computerized Learning Game That Teaches Critical Thinking and Scientific Reasoning 
(OTHER1 and OTHER2) 

The paper by Halpern et al. (2012) includes two separate experiments 

analyzing the impact of a serious game with respect to scientific reasoning. 

The authors assessed the student’s level of knowledge with scores on 

multiple-choice tests and as a form of adaptivity, assigning the students 

based on this classification into three different tutoring conditions. Within the

first experiment, this adaptive approach was accompanied by other 

adjustments that supposedly support learning and then compared to a 

control group. The second experiment addressed the tutoring component in 

more detail. For this, three variations (including the adaptive version) were 

compared to a control group. Overall, the authors used a pre-post design and

a sample size of over 300. As a result, the authors concluded that their game

was useful for learning as intended; however, conclusions specifically 
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regarding adaptivity can only be cautiously drawn, as the results were either 

confounded with other variables or only reached significance for very specific

comparisons. 

Implementation of an Adaptive Training and Tracking Game in Statistics Teaching (SCOPUS2) 

Groeneveld (2014) used a popular approach of difficulty assessment and 

adaptation (i. e., the Elo-algorithm, e. g., Klinkenberg et al., 2011 ; 

Nyamsuren et al., 2017 ) to match student’s skills as well as item difficulty in

a statistics learning tool. Groeneveld aimed to reach a 75% success rate of 

solving tasks among the students. The tool was revealed to be useful in a 

real-life application that included over 400 students. However, no 

simultaneous control group was implemented and no specific process data 

on how the adaptive algorithm influenced learning processes could be 

gathered. 

A Pilot Study on the Feasibility of Dynamic Difficulty Adjustment in Game-Based Learning Using Heart-
Rate (OTHER11) 

Ninaus et al. (2019b) used physiological measurements (i. e., heart rate) to 

assess player arousal and defined thresholds to adapt game difficulty 

according to the Yerkes-Dodson Law ( Yerkes and Dodson, 1908 ). Overall, 

the authors clearly framed their research as a pilot study, justifying the low 

count of 15 participants for their main experiment. This also explains the 

lack of dedicated learning measurements. Nonetheless, their results 

indicated that the adaptive approach resulted in a more difficult, challenging,

and fascinating game experience. 

Gamification and Smart Feedback: Experiences With a Primary School Level Math App (SCOPUS1) 

Based on the theoretical framework of competence-based knowledge space 

theory ( Doignon, 1994 ; Albert and Lukas, 1999 ), Kickmeier-Rust et al. 
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(2014) built a digital agent that provided feedback in a gamified math-

learning environment. When pre-defined thresholds of user skill levels were 

reached, the agent provided adaptive information. In an experiment that 

included 40 second-grade students, Kickmeier-Rust and colleagues were not 

able to determine any statistically significant benefits of their method. 

Competitive Agents and Adaptive Difficulty Within Educational Video Games (OTHER12) 

In the experiment by Nebel and colleagues (2020), two game versions that 

additively regulated social competition were compared to a non-adaptive 

game scenario. The authors based their assumptions on, among other 

theories, cognitive load theory ( Sweller, 1994 ; Sweller et al., 2011 ). Yet, 

they did not specify how adaptive variations might interact with the 

implications from their theoretical foundation. Overall, the experiment 

demonstrated empirical support for each adaptive game version, with the 

version including an artificial and adaptive opponent exhibiting significant 

advantages. However, as the three game versions differed in more than one 

feature, the results were confounded to a certain degree and, as a 

consequence, associating certain outcomes to specific properties would be 

challenging. 

Logs Analysis of Adapted Pedagogical Scenarios Generated by a Simulation Serious Game Architecture 
(WOS57) 

Callies et al. (2020) used a Bayesian network to estimate user knowledge 

and included a planning algorithm to adjust the learning sequence in a real-

estate learning simulation with respect to each user. In particular, feedback, 

challenge, and learning context were adjusted. An evaluation study was 

conducted, and qualitative considerations supported the feasibility of the 
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chosen approach, although no quantitative information on learning could be 

evaluated using inferential statistics. 

Sensor Based Adaptive Learning—Lessons Learned (SCOPUS11) 

This paper reports the findings of ongoing research from the previously 

discussed paper OTHER11 ( Ninaus et al., 2019b ). However, more details on 

potential assessment (e. g., body temperature, CO 2 data) and adaptive 

mechanisms (e. g., alerts, recommendations) were provided alongside 

preliminary results, which indicated that participants became aware of the 

adaptation. 

Effect of Personalized Gameful Design on Student Engagement (OTHER15) 

For this research, Mora et al. (2018) used the SPARC model, previously 

reported by the lead author ( Mora et al., 2016 ), to gamify software that 

teaches statistical computing. Within the experiment, users were categorized

according to self-evaluations based on the Hexad User Type scale ( Tondello 

et al., 2016 ) and assigned to four different implementations of rules and 

rewards. The inferential statistical analysis could not identify significant 

deviations induced through this approach. Following our rule of thumb (see 

Study Selection ), we retained this study as part of our final sample even 

though it was not completely clear whether the focal instrument could be 

considered a game. 

Predicting Learning in a Multi-Component Serious Game (SCOPUS8) 

This research by Forsyth et al. (2020) used the same software as that 

employed in previous experiments (OTHER1 and OTHER2; Halpern et al., 

2012 ) with the aim of gaining insights into knowledge formation divided into

deep and shallow learning ( Marton and Säljö, 1976 ). For this, students were
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assigned to different tutoring conditions based on an assessment of prior 

knowledge with multiple choice tests. The results suggested that some 

principles, such as generation, might be suitable predictors for learning 

within the learning environment under study. 

Improving Student Problem Solving in Narrative-Centered Learning Environments: A Modular 
Reinforcement Learning Framework (OTHER13) 

Based on theories such as seductive details ( Harp and Mayer, 1998 ) or 

modular reinforcement learning ( Sutton and Barto, 2018 ), Rowe and Lester 

(2015) scaffolded adaptive events in microbiology learning and compared 

them to a non-adaptive version. In summary, the researchers could not 

identify significant learning improvements with regard to microbiology 

learning outcomes. 

Analysis 
Data-Analytic Strategies 

During the second phase of full article screening, the full text of the articles 

was reviewed to search for information needed to address RQ1 to RQ3 as 

well as to generate an overview that could be systematized and presented 

within this paper. For this, a content analysis approach ( Lamnek and Krell, 

2016 ) was followed. More specifically, to answer RQ1 to RQ3, frequency 

analysis ( Lamnek and Krell, 2016 ) was used and necessary categories, such

as type of research or significance of research, were created. Through this, 

quantifiable information, such as whether a specific model was used more 

frequently than others, could be inferred. The codes for these categories 

were built using the prior knowledge of the researchers in the field of 

experimental research (e. g., study types) or as derived verbatim from the 

articles (e. g., names of specific theories). Where applicable, existing codes 
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within the literature were used. For example, game genre or subject 

discipline were coded using labels from previous meta-analytic and review-

like work ( Herz, 1997 ; Connolly et al., 2012 ). Thus, frequencies could 

potentially be compared to other reviews in the field. Additionally, other 

relevant information was narratively systematized and is discussed within 

the Narrative Content Analysis section. For this, no specific qualitative or 

quantitative approach was used but was instead reliant on an in-depth 

discussion and interpretation by the authors, one aligned with the overall 

aim of this review. In line with the systematic approach, differences were 

discussed and resolved through consensus. 

Methodological Integrity 

Several aspects of methodological integrity that needed to be discussed 

have already been addressed within previous sections (e. g., researcher’s 

perspective). Following the Journal Article Reporting Standards by the 

American Psychological Association (2020b) , additional, complementary 

information was needed. First, to validate the utility of the findings and the 

general approach to addressing the study problem, a section specifically 

devoted to this issue is included in the discussion. Second, to firmly base the 

findings within the evidence (i. e., the papers), the codes should be closely 

aligned with the sampled literature and sufficient, supportive excerpts 

should be provided. However, copyright protection of the original articles 

prevented the inclusion of exhaustive direct quotations. Third, consistency 

within the coding process was supported by pre-defined entry options that 

were prepared for several columns within the coding table. This was 

especially useful during the first coding phase when the general inclusion or 
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exclusion criteria were verified. For example, game type (column A11) was 

coded as either digital , non-digital , or unknown based on abstract . Similar, 

appropriateness for the review (A15. 1) was coded as 1 = should be 

considered, 2 = should NOT be considered, or 3 = not sure. When a paper 

was coded as 3 , the entry was reviewed by a second coder. For the full-text 

review, such pre-defined entries were less applicable in certain cases, as the 

codes themselves were of interest in regard to the initial research questions. 

For example, column B2, What are the used theoretical frameworks? needed 

to be completed during the review process, as the answer to this question 

was naturally unavailable prior to the review. Overall, the process of pre-

registering the coding table, research method, and research questions 

ensured a high level of methodological integrity throughout the review. Any 

deviations or extensions of the a priori formulated research plan (which is 

not unusual for qualitative or mixed method research; Lamnek and Krell, 

2016 ) is clearly indicated throughout the paper. For example, analyses 

beyond that covering RQ1–3 were included within the Narrative subsections 

of the results section. Finally, the integrity of research like systematic 

literature reviews is limited by the integrity of the reviewed material. To 

ensure basic scientific quality, papers that have not yet undergone peer-

review were omitted during the first coding phase. In addition, concerns or 

potential critical issues were identified within the Papers Reviewed section. 

Results 
The findings described below were based on the final sample. Unless stated 

otherwise, phrases such as “ 20% of the sample” refer to the final studies 

reviewed, not to the initial sample after the literature search. In addition, 
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percentages are reported in relation to the final coded sample (11) and not 

in relation to the ultimately included papers or manuscripts (10). 

RQ1—How is Research in the Field of Analytics for Adaptation in 
Educational Video Games Currently Conducted? 
The current systematic literature review identified 10 relevant papers in 

total. One paper included two studies and was therefore considered as 

separate entries—that is, as two entries in the coding table. To better 

understand how research in the field of analytics for adaptation in 

educational video games is currently conducted, we provide a 

comprehensive overview of the games and methods currently being used 

before we report the specifics of the actual implementation of adaptivity. 

Games 

In the identified 11 studies, eight different games were used. That is, the 

same games or at least the same game environments were used in multiple 

studies or papers. The game genres used in the studies did not vary 

considerably, with simulation games (4) and role-playing games (4) being 

the most popular. The three other studies employed games that did not fit 

the predefined genres (cf. Connoly et al., 2012 ) and were thus classified as “

other.” For instance, in OTHER15, a gameful learning experience was 

designed using Trello boards and the SPARC model ( Mora et al., 2016 ). 

OTHER12 utilized a game-like quiz, while SCOPUS1 used a game-like 

calculation app. However, we must note that even for those games that were

classified into a predefined genre, the decision to do so was not always clear 

cut and was at least debatable, as these games were not always sufficiently 

described. 
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The studies and games covered different subject disciplines , with games 

covering Science being the most popular (4). Mathematics was the subject 

discipline for two games. Business and Technology were covered by one 

study each. Moreover, three studies did not clearly fit into any of the 

predefined subject disciplines: OTHER12 covered general factual knowledge 

on animals, whereas OTHER11 and SCOPUS11, which used the same game, 

covered procedural knowledge for emergency personnel. In this context, the 

studies mostly targeted higher education content (6) and continuing 

education (3). Primary and secondary school content was targeted by one 

study each. 

Methods 

In the identified sample of papers, the majority utilized quantitative data (9). 

Only one study used qualitative data, while two studies used a combination 

of both. The overall mean sample size of 120. 73 could be sufficient to detect

differences of medium effect size between two independent samples. For 

instance, a two-tailed t -test with alpha = 0. 05, power = 0. 8, and d = 0. 5 

requires a sample size of 128 according to g*power ( Faul et al., 2007 ). 

However, the large standard deviation of 120. 46 highlights major 

differences between the individual studies. Furthermore, the studies utilized 

very different designs, requiring more or less statistical power. To this end, 

an a priori power analysis could not be identified as a normal procedure 

within the sample. 

Most of the identified studies (8) evaluated their adaptive approach with 

participants from university/higher education (i. e., university students). 

Although WOS57 did not report specific information on participants, they 
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were recruited with advertisements on a university campus, which suggests 

a high likelihood that most of the sample consisted of university students as 

well. Corresponding with the reported target content (see Games ), one 

study was performed in primary school and one in secondary school. The 

majority of studies were conducted in a real-world setting (7). Four studies 

were performed in laboratory settings. The substantial proportion of studies 

performed in the field indicates the dominance of an applied approach to the

field of adaptive educational video games. 

In six of the 11 studies, the authors utilized a control group or control 

condition to evaluate the effects of adaptivity. However, we should note that 

in SCOPUS2, the authors also made an attempt to descriptively compare 

their investigated student sample with data they had on students from 

previous years using the same system but without adaptive components. 

This comparison was accomplished only descriptively and, overall, the 

comparison was not sufficiently described, which led to it being classified as 

not having used a dedicated control group. In any case, the number of 

studies utilizing a control group was equivalent to the number of studies that

did not, underscoring the urgency of increasing empirical standards in this 

field of research. However, almost all studies used an experimental or quasi-

experimental study design (9). One study was mostly correlational, while 

another employed a qualitative study design. Furthermore, seven studies 

only used one measurement point (i. e., post-test measure), while three 

studies utilized pre- as well as post-test measurements to evaluate their 

adaptive approach. In SCOPUS1, neither a classic pre- nor post-test was 

reported, but instead the authors observed primary class children for two 
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learning sessions with or without the adaptive component (i. e., feedback) of 

the game in question. Only two studies solely used descriptive statistical 

analyses . One study used a combination of descriptive statistics and 

correlation but without inferential testing. Hence, the large majority (7) ran 

descriptive as well as inferential statistical analyses to support their 

conclusions. 

Adaptivity 

Overall, the general goal of the adaptive mechanism integrated into the 

games included in the sample was, in most studies, to optimize learning (7). 

The rest of the studies focused on instigating a change in either a behavioral,

motivational, cognitive, or social variable. Hence, there is a clear focus on 

directly affecting learning in and of itself in the investigated sample of 

studies. The strategies by which the authors of the studies sought to achieve

adaptivity also varied considerably (see also RQ2 on which theoretical 

frameworks were used). Hence, providing frequencies on the different 

approaches was not possible. Instead, a few examples are included here to 

demonstrate the types of approaches used (for more detailed information, 

see Ninaus and Nebel, 2020 ). For instance, the adaptive mode used in 

OTHER11 was aimed at keeping the players in the game loop for as long as 

possible. In contrast, SCOPUS2 sought to maintain the chance of being 

correct in the game at 75% by adapting the game’s difficulty. Others tried to 

adapt the feedback provided by the game (e. g., SCOPUS1) or used natural 

language processing to develop questions that were posed to the players on 

the basis of their prior knowledge (e. g., SCOPUS8). 

https://assignbuster.com/a-systematic-literature-review-of-analytics-for-
adaptivity-within-educational-video-games/



 A systematic literature review of analyt... – Paper Example  Page 27

To realize adaptivity within a learning environment, different sources of data 

can be used. Although assessment and adaptivity could be potentially 

realized using only the game system itself, the majority of the sample (80%) 

utilized additional surveys and questionnaires. Only two papers could be 

identified with a potentially less intrusive approach of exclusively utilizing in-

game measures. In this vein, only two papers used physiological measures 

instead of behavioral indicators or survey data to realize adaptivity. Using 

these data, different adaptive elements were realized in the sample by either

between (8) or within (3) subject designs. The vast majority of studies were 

aimed at adapting the difficulty of the game (8). Two other studies used 

adaptive scaffolding to optimize the learning outcomes. One other study 

(WOS57) investigated pedagogical scenario adaptation (i. e., automatically 

generated vs. scripted). These elements were, in most of the studies, 

adapted in real time (8), followed by between learning sessions (3). 

However, this differentiation was not always clear as relevant information 

was in some instances missing. In seven studies, processing of data was 

done using a user model. Two studies processed the data without a user 

model, while another two used the raw data only. 

RQ2—What Cognitive/Theoretical Frameworks Within Analytics for 
Adaptation in Educational Video Games are Currently Used? 
Apart from OTHER1, OTHER2, OTHER11, and SCOPUS11, which were either 

two experiments within the same paper or articles authored by almost 

identical authors, each experiment used a unique theoretical approach. 

Thus, frequency analysis would have been ineffectual. Instead, a few 

examples can be used to illustrate the encountered theoretical approaches. 
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For instance, cognitive load theory (OTHER12), learner models with Bayesian

networks (WOS57), competence-based knowledge space theory (SCOPUS1), 

or modular reinforcement learning (OTHER13) were applied. This indicates 

emphasis on data-driven methodology or institutional preferences rather 

than on slowly evolving and unifying theoretical frameworks. 

RQ3—What Kind of Outcomes are Influenced Through the Adaptive 
Approach? 
Every game within our final sample was originally intended as a learning 

game. Additionally, every application within the sample was intended to 

increase learning outcomes. Other possible combinations—for example, 

entertainment-focused commercial games used within an educational 

context or educational games aimed at improving metacognition or 

motivation—were not observed. Instead, 60% of the papers reported that the

adaptive mechanism was mainly intended to increase learning outcomes. 

One study aimed to improve user experience (SCOPUS11), while another 

sought to explore motivational aspects (WOS57); the remaining two studies, 

on the other hand, indicated mixed goals (OTHER11, OTHER15). In sum, 

learning improvements can be identified as the main target of adaptive 

approaches. A different distribution can be observed within the report of 

statistically significant findings: 50% of the final sample revealed significant 

findings, 10% reported mixed results, and 40% did not generate statistically 

significant outcomes. For this frequency analysis, however, it should be 

noted that statistical significance alone neither necessarily indicates a 

relevant effect size nor confirms a sufficient methodological approach. In 

addition, the potential threat of publication bias cannot be ruled out. No 
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study, at least, revealed negative outcomes, and even if not statistically 

significant or mixed, the majority of outcomes were indicated to be positive. 

Narrative Content Analysis 
Disciplines and Publication 

Although the inclusion criteria allowed for the inclusion of research ranging 

back to the year 2000, the oldest eligible article was published in 2012, with 

50% of the final sample being published from 2018 to 2020. This indicates a 

substantial increase in research interest in the field. Psychology or computer 

science were identified as the disciplinary affiliation of the primary author for

80% of the articles, with only 20% originating from the field of education. 

This might indicate a lack of sufficient support through educational research. 

The final sample contained only research from North America or Europe, 

raising questions regarding the availability or visibility of research from other

productive regions, such as Asia. Similarly, only 50% of the final sample 

could be gathered through database research, raising concerns about 

sufficient visibility or insufficient standardized keywords in the research field.

This could potentially be explained by the fact that apart from two papers 

published in the International Journal of Game-Based Learning ( Felicia, 2020

), all eligible papers were published in different outlets and conferences. This

suggests the lack of an overarching community or publication strategy but 

also indicates that the field addressed by the systematic review remains in 

its infancy. 

Research Strategy and Limitations 

Most frequently, the collected articles comprised exploratory research, as 

only research questions like “ Does an online personalized gameful learning 
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experience have a greater impact on student’s engagement than a generic 

gameful learning experience?” ( Mora et al., 2018 , p. 1926) or open-ended 

questions were included. For example, formulations such as “ The primary 

research question that the current paper addresses is …[…]” ( Forsyth et al., 

2020 , p. 254; emphasis added) entailed unspecified additional observations.

Rarely, hypothesis testing research was identified: “ Hypothesis 4: Learners 

playing against adaptive competitive elements demonstrate higher retention

scores than players competing against human opponents” ( Nebel et al., 

2020 , p. 5). Although exploratory studies are very valuable in early 

research, their outcomes are subject to more methodological limitations than

theoretically and empirically supported hypothesis-testing research. 

Additional limitations are imposed through frequent applications of quasi-

experimental factors using split groups—e. g., “ we split the participants into 

three roughly equal groups based on pretest scores” ( Forsyth et al., 2020 , 

p. 268)—or with separations based on other sample properties—e. g., “ 

Students belonged to the CAS or CAT group according to the native language

recorded in their academic profile” ( Mora et al., 2018 , p. 1928). 

Occasionally, the authors used limited statistical methods or reported 

disputable findings if no significant result could be produced: “[…] the 

descriptive statistics suggest that personalization of gameful design for 

student engagement in the learning process seems to work better than 

generic approaches, since the metrics related to behavioral and emotional 

engagement were higher for the personalized condition in average” ( Mora et

al., 2018 , p. 1932). This was observed even in cases in which the authors 

were aware of their shortcomings—e. g., “[…] there is a danger of mistaking 
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a correlation for causality […]” ( Groeneveld, 2014 , p. 57)— or if critical 

methodological difficulties, such as alpha-error inflation, were not considered

—“ We then computed correlations between all of the measures for the 

cognitive processes and behaviors (i. e., time-on-task, generation, 

discrimination, and scaffolding) and the proportional learning gains for the 

two topics (experimental, sampling) for each of the four groupings” ( Forsyth

et al., 2020 , p. 265). However, rarely, the necessary corrections were 

applied: “[…] Sidak corrections will be applied to the pairwise comparisons 

between these groups” ( Nebel et al., 2020 , p. 8). In contrast, even for 

process data for which a myriad of potential comparisons could be made, 

statistical criteria, such as significance levels, were handled incautiously: “ A 

two-tailed t -test indicated that students in the Induced Planner condition (M 

= 13. 7, SD = 10. 9) conducted marginally fewer tests than students in the 

Control Planner condition (M = 19. 5, SD = 14. 4), t (59) = 1. 80, p < 0. 08” (

Rowe and Lester, 2015 , p. 8). Justifications for such methodological issues 

relied on the goal justifies the means approach: “ Although the assumption 

of independence was violated, the goal of the correlations was to simply 

serve as a criterion for selecting predictor variables to include in follow-up 

analyses” ( Forsyth et al., 2020 , p. 265). As a consequence, the validity of 

the gathered insights are questionable in light of the methods by which they 

were generated. 

Similar to other emerging fields, yet rarely, the sampled studies employed 

standardized measurements or comparable indicators: “ Second, the high 

success rate in the final exams is reassuring, but can hardly be considered 

evidence” ( Groeneveld, 2014 , p. 57). However, some authors tried to 
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overcome such methodological issues by pre-testing the measures 

themselves: “ There were two versions of our measure of learning […] 

Reliability was established using over 200 participants recruited through 

Amazon Mechanical Turk” ( Forsyth et al., 2020 , p. 263). However, such pre-

testing regarding the effectiveness of the learning mechanism or the 

suitability of the measures themselves was scarce. Some authors discussed 

this issue a posteriori: “ In hindsight, the lack of a condition effect on 

learning is unsurprizing. A majority of the AESs provided scaffolding for 

student’s inquiry behaviors, rather than microbiology content exposure, 

which was the focus of the pre- and post-tests” ( Rowe and Lester, 2015 , p. 

7). 

Potential for Improvements 

Despite severe methodological challenges, the sampled researchers 

highlighted various areas of improvement within the field. For instance, in 

cases where the game was not created by the researchers themselves or not

specifically for the addressed research questions, limited insights into the 

different processes were acknowledged: “[…] we cannot disentangle one 

theoretical process from each other without restructuring the entire game. 

For these reasons, we acknowledge that our findings may not be as 

generalizable as we would hope in regards to the literature of the learning 

sciences” ( Forsyth et al., 2020 , p. 274). Another potential area for 

improvement was the method of adaptation itself. Often, predefined and 

global thresholds are used to adjust adaptivity, neglecting potential 

differences between the users: “ Feedback is triggered when a certain pre-

defined probability threshold is reached for a skill/skill state” ( Kickmeier-
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Rust et al., 2014 , p. 40). Rarely, these thresholds are based on other 

research or pilot studies: “ The 5 bpm threshold was defined based on 

previous pilot tests with the same game” ( Ninaus et al., 2019b , p. 123). In 

contrast, the thresholds are frequently based on assumptions made by the 

authors themselves: “ Students have, regardless their ability level, a 75% 

chance of correctly solving a problem, which is motivating and stimulating 

[…]” ( Groeneveld, 2014 , p. 54). In addition to the potential for technical 

improvements, theoretical work could be enhanced as well, especially as 

exhaustive motivation regarding the use of adaptive features is not 

presented but their usefulness is rather assumed or briefly mentioned: “ This

feature also guarantees learner engagement throughout the duration of the 

game session” ( Callies et al., 2020 , p. 1196) or “ Diverse psychological 

viewpoints agree that people are not equal, therefore, they cannot be 

motivated effectively in the same way” ( Mora et al., 2018 , p. 1925). Rarely, 

full chapters discussing which processes might be influenced through 

adaptive elements are included: “[…] adaptive mechanisms […] offer several

benefits in educational settings. For example, […]” ( Nebel et al., 2020 , p. 

3/4); alternatively, references to methodological approaches are included: 

“[…] Evidence-Centered Design […] requires that each hypothetical cognitive

process and behavior to be carefully aligned with the measures. For this 

reason, we needed to identify general processes or actual behaviors with 

theoretical underpinnings […]” ( Forsyth et al., 2020 , p. 259). 

Recommendations 

In addition to potential improvements that were more or less explicitly stated

or can only be inferred with sufficient knowledge of empirical research, some
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authors provided clear recommendations. For example, some authors 

claimed that data extraction and investigation should be intensified: “ Thus, 

we suggest, as demonstrated in this study, that tools [should] be designed to

facilitate data extraction and detect learning patterns” ( Callies et al., 2020 , 

p. 1196). Furthermore, the complexity of the research field was emphasized: 

“ From our research we learned that quick and easy results are often neither 

realistic nor meaningful. […] Using user interaction data for learning 

analytics is also complex and becomes even more challenging when 

physiological data are used […]” ( Fortenbacher et al., 2019 , p. 197). Within 

several papers, it was reported that adaptive systems need more time or 

cases in order to function sufficiently: “[…] for example, students with a very

low error rates, with highly unsystematic errors, or students who performed 

a very small number of tasks, did not received formative feedback because 

in those cases the system is unable to identify potential problems […]” (

Kickmeier-Rust et al., 2014 , p. 45). As a consequence, their full potential 

could not be assessed within the corresponding studies. As a potential 

solution, other researchers used pre-test samples to train their algorithms: 

“[…] we conducted a pair of classroom studies to collect training data for 

inducing a tutorial planner” ( Rowe and Lester, 2015 , p. 5). Finally, some 

authors were aware of methodological limitations and the need for better 

studies in the future: “ Although the results are encouraging, we recognize 

that they are not the sort of well-controlled studies that are needed to make 

strong claims […]” ( Halpern et al., 2012 , p. 99) or “ However, these results 

need to be treated with great caution. Future studies with larger sample 
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sizes and more dedicated study designs need to investigate this in more 

detail” ( Ninaus et al., 2019b , p. 126). 

Situatedness 

Overall, the studies were overwhelmingly conceptualized within an academic

context. The researchers worked within various universities, and their 

samples frequently included students from such institutions. This, 

consequently, limited their research perspective (e. g., lack of pedagogical 

input) as well as related applications (e. g., learning impairments, limited 

technical equipment). In addition, the authors were frequently affiliated with 

faculty from the same fields, resulting in scarce interdisciplinary discussions 

within the final sample. 

Discussion 
Despite the numerous research studies demonstrating the potential of 

determining user states via various analytics relevant for learning (e. g., 

Klasen et al., 2012 ; Berta et al., 2013 ; Brom et al., 2016 ; Appel et al., 2019

; Ninaus et al., 2019a ; for a review see; Witte et al., 2015 ; Nebel and 

Ninaus, 2019 ) and supporting their use for adaptation, few studies have 

actually followed through with this approach as indicated by the current 

literature review. Consequently, our aim to identify how such analytics have 

been used to realize adaptive learning in games was compromised by the 

low number of existing studies in this area. Nevertheless, the current 

systematic literature provided valuable insights into the nascent field of 

adaptive educational video games and its use of analytics. 
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Overall, the existing research on adaptive educational games appears to be 

somewhat heterogenous in terms of the conceptual approaches applied. 

However, we did identify clear patterns concerning game genres and subject

disciplines. First, there seems to be a clear focus on simulations or 

simulation games, as well as on role-playing games. Although we can only 

speculate as to the reasons for this, it would seem that this pattern is 

completely in line with the overall field of educational games. In a recent 

review on the effects of serious games and educational games by Boyle et al.

(2016) , simulation games and role-playing games were also the most 

popular game genres. Likewise, we would argue that simulations might be 

easier to design than modeling aspects of learning via various game features

in such a way that they respond accordingly to the adaptive mechanisms 

implemented. Moreover, more research is needed to better understand how 

individual game features affect performance and learning outcomes in 

general. Importantly, the games in question were not always sufficiently 

described. That is, it was sometimes unclear which core game loop drove the

game and to which genre the game best fit. However, a lack of sufficient 

details on actual gameplay or of overall information on the games within 

empirical studies is not unique to the field of adaptive games. As there is no 

consensus about how to report and describe educational games in the 

scientific literature, the whole field of serious games or educational games is 

impacted. The game attributes taxonomy suggested by Bedwell et al. (2012)

might serve as one way to achieve consistent reporting standards. 

Second, the majority of studies focused mostly on natural sciences, such as 

math. So-called “ softer” disciplines, such as social sciences, were not found 
https://assignbuster.com/a-systematic-literature-review-of-analytics-for-
adaptivity-within-educational-video-games/



 A systematic literature review of analyt... – Paper Example  Page 37

in the final sample. In our opinion, these disciplines might be more difficult to

operationalize and evaluate. Consequently, implementing adaptive 

mechanisms within these disciplines is at once more complex and less 

reliable. 

The target audience of the games varied in the investigated sample, from 

primary and secondary school pupils to university students and vocational 

training students. Interestingly, however, most of the studies were 

performed in real-world settings, thus allowing for high ecological validity. 

Nevertheless, their overall research designs varied tremendously. While 

most studies employed experimental or quasi-experimental research 

designs, only three studies evaluated their adaptive mechanisms with pre- 

as well as post-tests. It was unfortunate that two studies, which constituted 

18% of our total sample, used descriptive statistical analyses alone, further 

emphasizing how the field remains in its early phases. Moreover, the lack of 

control groups or specific manipulations of individual elements, as well as 

the absence of process data, in several studies made clear inferences about 

the impact of the adaptive systems used especially difficult, if not 

impossible, to generate. However, it should be noted that creating an 

appropriate control group for studies of adaptive mechanisms is no trivial 

endeavor, as learning content between adaptive and non-adaptive learning 

differs by nature. 

In most studies, the general goal of adaptive mechanisms was to optimize or

improve learning. While a few studies also investigated adaptive 

mechanisms on behavioral, motivational, cognitive, or social variables, there 
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was a clear focus on learning or knowledge acquisition. This pattern might 

have originated from the search query we used, as we intentionally focused 

on cognitive or learning outcomes. More varied was the pattern in which 

adaptivity was realized. We could not identify a clear trend with regard to the

different mechanisms targeted by the implemented adaptivity. The 

realization of the adaptive approaches, however, was mostly based on 

surveys or questionnaires. Only four papers used in-game metrics (SCOPUS8 

and WOS57) or physiological signals (SCOPUS11 and OTHER11) directly to 

adapt the games. Thus, there seems to be room for future improvements, 

especially minding the various methods of assessing process data within 

games (for a review see Nebel and Ninaus, 2019 ). 

Overall, there was no clear or coherent pattern of theoretical or cognitive 

frameworks used within analytics for adaptation in educational video games. 

That is, almost all studies used unique theoretical approaches to justify their 

adaptive mechanisms. It seems that the use of general learning theories was

mostly neglected in the identified sample. Only OTHER12 and OTHER13 

shared similar ideas based on cognitive load theories (e. g., Harp and Mayer, 

1998 ; Mayer, 2005 ). Some of the presented ideas were technologically 

impressive but lacked a clear theoretical background. We would suggest that

interdisciplinary collaborations might overcome this lack of theory-driven 

research and help to advance the field of adaptive educational games, which

in turn might also increase the effectiveness of adaptive mechanisms. 

Researchers from different fields should act in concert to fully utilize current 

possibilities in adaptive game-based learning from a technological as well as 

theoretical perspective. Besides new sensor technologies to make data 
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acquisition easier and learning analytics algorithms that permit deeper 

insights into the learning process and that can potentially identify 

misconceptions among learners, a strong theoretical foundation is also 

required—not only of general learning principles (e. g., Mayer, 2005 ) but 

also learning domain-specific processes (e. g., embodied learning 

approaches in mathematics; see Fischer et al., 2011 ). 

As mentioned above, all games or studies were aimed at increasing learning 

outcomes. However, at the same time, not all of these studies actually 

evaluated learning outcomes alongside user experiences or motivational 

outcomes. Only about half of the studies found positive effects of adaptation 

within their evaluated games. At the same time, no negative effects due to 

adaptivity were reported. That is, many results did not reach statistical 

significance, which might be attributed to the varying sample sizes used in 

individual studies. Hence, this literature review cannot make clear 

conclusions as to the efficacy of analytics for adaptation in educational video

games. However, a recent and more general review on adaptive learning 

technologies in general reached a more positive verdict on the effectiveness 

of adaptation ( Aleven et al., 2016 ). We therefore remain cautiously 

optimistic as to the effectiveness of analytics for adaptation in educational 

video games. 

As the current systematic literature review only identified a rather low 

number of empirical studies, its results needed to be treated with caution as 

they might not be representative. However, we need to note that identifying 

only a rather small number of eligible studies is not completely unusual for 
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the field of serious and educational games, in particular when reviewing a 

subdiscipline of serious games or focusing on specific constructs [c. f. Lau et 

al., 2017 (9 studies); Eichenberg and Schott, 2017 (15 studies); Perttula et 

al., 2017 (19 studies)]. Moreover, other recent and more general systematic 

literature reviews on adaptive learning systems did also only identify a very 

small number of empirical studies utilizing games or game-like environments

(e. g., Aleven et al., 2016 ; Martin et al., 2020 ). That is, our current results 

seem to be in line with other systematic reviews on adaptive learning 

systems, suggesting that the field of adaptive educational games and its use

of analytics is indeed in its very early phases. 

Overall Conclusion 
Overall, the presented review contributes a previously lacking overview of 

and deep exploration into the extant research in the field of analytics for 

adaptation within educational videogames. Increasing attention to this 

research area was evident, whereas the overall quantity of relevant 

experimental research was rather low. In this vein, narrative and frequency 

analysis could confirm existing opinions about the lack of theory-driven 

approaches ( Van Oostendorp et al., 2020 ) on a systematic level, although 

the existence of heterogenous approaches and methodological limitations 

could prevent further systematization of the dimensions of adaptive systems.

This finding, however, is not entirely surprising, not only because of the 

different disciplines involved but also because some of the contributing 

research areas struggle with similar challenges themselves. For instance, 

Human-Computer-Interaction research that investigates video games often 

encounters substantial methodological and statistical challenges (
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Vornhagen et al., 2020 ), whereas educational psychology faces related 

issues, such as the replication crisis ( Maxwell et al., 2015 ) or infrequent 

improvements to theoretical frameworks ( Alexander, 2018 ; Mayer, 2018 ). 

Nonetheless, the results of this review can be used to address these critical 

issues and improve future empirical research in the field. In addition, the 

empirical evidence, albeit limited, is promising and could encourage future 

investigations and practical applications of the resulting adaptive systems. 

Although positive effects were achieved despite the fact that the researchers

often worked without pedagogical, instructional, or educational theories or 

conducted limited exploratory investigations the highly needed quantity of 

research simply does not exist yet. This was concluded with reasonable 

certainty after conducting the systematic review. However, the sample 

supported only a somewhat superficial systematization and assumption of 

resulting effects. Therefore, it remains to be seen how such conclusions 

might change as the field matures and improves. This argumentation holds 

true for subsequent systematic work in the field. Using this article as a 

starting point, the pre-registered and open-data information can be used to 

improve the process and gather more fine-grained insights or even yield 

different conclusions. Furthermore, future systematic reviews following an 

identical methodical but different theoretical focus could systematize and 

contrast important literature in adjacent fields (e. g., Bellotti et al., 2009 ). In 

addition, different research methods, such as further quantitative or 

qualitative investigations of the main sample, might enrich the gathered 

insights. However, in light of the methodological heterogeneity of the current
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investigation and its small sample size, pursuing such an approach at 

present is unlikely. 

Utility of the Findings and Approach in Responding to the Initial RQs 
The approach and its findings can be considered to be successful and 

insightful with regard to major aspects of the initial research questions. A 

clear picture of current research was gathered (RQ1), and crucial gaps and 

heterogenous approaches were clearly identified (RQ2). In this latter respect,

the systematic approaches also increased the validity of the conclusions, 

thereby supporting previous considerations within the field. However, some 

aspects could not be completely assessed by the pre-registered categories 

(RQ3), consequently reducing the systematized information collected by this 

review and its subsequent conclusions. In order to compensate for this 

limitation, which was discovered after pre-registration, an additional, non-

systematic narrative analysis was conducted. Taken together, the approach 

can be considered fruitful, even though the coding table could be further 

optimized. In addition, the findings are capable of addressing the initial 

research questions, even though the answers sometimes contained less 

information than first assumed during the conceptualization of the review. 
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