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Abstract 

Conversational agents (CAs)—software systems emulating conversations with humans 
through natural language—have been widely used to communicate and collaborate with 
humans in various settings. A rising application domain is education since so-called 
Pedagogical Conversational Agents (PCAs) hold the potential for individualized learning 
and thus the long-term improvement of learning success. However, existing research on 
CA adaptation is scattered across different application domains and user groups, so 
researchers face difficulty in understanding the current state of the art on the adaptation 
design of PCAs as an independent field of interest. To address this gap, we systematically 
analyze existing scientific literature and discuss identified adaptation aspects of PCAs in 
scientific publications. Our literature review contributes to IS research by providing an 
overview of existing adaptive and adaptable PCA designs, identified gaps, and future 
research streams with the rising potential thereupon.  

Keywords: Literature Review, Pedagogical Conversational Agent, Learning, Adaptation, 
Adaptivity, Adaptability. 

Introduction 

Conversational Agents (CAs) are increasingly enriching interpersonal communication through the use of 
natural language, either as virtual assistants using spoken language like Siri or Alexa, or text-based as 
chatbots (Feidakis et al. 2019; McTear et al. 2016). From the launch of initially purely rule-based chatbots 
to the era of rapidly evolving artificial intelligence, CAs can perform highly complex tasks, act proactively, 
and provide individualized support to the user. In addition to traditional fields of application, such as 
customer service, marketing, or health, the research field of CAs in the educational context is also gaining 
in importance (Diederich et al. 2022; Khosrawi-Rad et al. 2022). In everyday learning, students and 
teachers have to overcome and solve a variety of obstacles, be it orientation on campus, motivation, or their 
time management (Hobert and Meyer von Wolff 2019). There is often a lack of individual support, which is 
particularly evident at universities, where typically the number of teachers and learners is unbalanced 
(Chun Ho et al. 2018; Winkler et al. 2019). So-called Pedagogical Conversational Agents (PCAs) provide 
digital assistance for learners and form an educational context-specific subgroup of CAs. They are 
characterized by the fact that they communicate with the user in a human-like manner, accompany the 
learner, and adapt human behavior by simulating human language - often also supplemented by an avatar 
(Wellnhammer et al. 2020; Winkler et al. 2019). They offer the advantage of being easily scalable, location-
independent, and permanently available (Khosrawi-Rad et al. 2022).  
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As with any technology-enhanced form of learning, it is both a challenge and an opportunity to respond to 
the given heterogeneity of the learner group on an individual basis through PCAs (Slavuj et al. 2017). 
Typically, learners differ in several individual characteristics, such as cognitive performance, knowledge 
level, learning style, personality traits, or motivation to achieve the personal learning goal (Marković 2014). 
As a result, unique requirements and preferences of each learner emerge, which - if addressed user-
individually - can purposefully improve the learning success of the particular individual (Oxman and Wong 
2014). Bidirectional approaches are conceivable for this purpose - either through customizable settings in 
the PCA, in which the learners themselves determine configurations (e.g., difficulty level, avatar design, use 
of media) according to their selected preferences (Paul et al. 2021) or through a smart, technically adaptive 
system that can constantly better adapt to its user based on the collected learners’ data (Slavuj et al. 2017).  

However, this promising branch of interest still shows a large research gap. Although many scientific 
publications already address adaptation aspects of CAs in general (e.g. Ling et al. 2021; Wald et al. 2021; 
Xiao et al. 2007), these mostly have specific foci, such as personality adaptivity (Ahmad et al. 2020, 2021; 
Hanna and Richards 2015), adaptive empathy learning (Wambsganß et al. 2021; Wardhana et al. 2021) or 
customizability of CAs (Kocaballi et al. 2019; Paul et al. 2021), and do not focus on PCAs in particular. Yet, 
it is essential to adapt a CA (e.g., in terms of locus of control and duration of relation) to its purpose (Følstad 
et al. 2019), which leads to the necessity of considering PCAs as an independent group for adaptation. For 
example, PCAs address their own target group (mainly students in academia), verse longer-term use, and 
offer the potential of individual support in the learning context (Khosrawi-Rad et al. 2022) to individualize 
learning through cognitive, affective, motivational, and sociocultural variables (Plass and Pawar 2020). 
Thus, their targeted adaptation results more relevant than in other application scenarios such as customer 
service with standardized, short-term interactions of CAs (Følstad et al. 2019). Individualized learning with 
PCAs holds the social potential to increase educational equity and enhance individuals' learning success 
(Karrenbauer et al. 2021; Schlimbach and Khosrawi-Rad 2022). Therefore, we conclude that there is great 
added value in analyzing the adaptation aspects for the specific category of PCAs. Wollny et al. (2021) as 
well identify in their publication the need for an intensification of research to "explore and leverage 
adaptation capabilities for chatbots in education" (p.12), after their systematic literature review on 
chatbots in education revealed only six articles on adaptive pedagogical chatbots. Among these were five in 
the context of quizzes - for personalized feedback (Kerly et al. 2008; Kerly and Bull 2006; Vijayakumar et 
al. 2019) or learning content selection (Davies et al. 2021; Ruan et al. 2019) - as well as another one that 
deals with personality adaptation (Jia and Chen 2008). We aim to fill this gap (extended to all types of 
PCAs) by answering the following research questions based on a systematic literature review (SLR):  

RQ1: Which aspects of adaptation in the application field of Pedagogical Conversational Agents are 
already addressed in scientific literature and how can these be structured? 
RQ2: What are research gaps and future research streams resulting thereupon? 

Our article is organized as follows: In the next chapter, we present the research background before the 
methodological procedure of this systematic literature review is explained in the subsequent chapter. We 
then outline our core findings and consolidate them in a table of adaptation variables identified in PCA 
literature. After that, we discuss the resulting research gaps, discover the discrepancy between theoretical 
potential and practical implementation of PCA adaptation, reflect on limitations, and suggest future 
research streams in the discussion. Finally, we summarize our work in the conclusion.  

Research Background 

The Evolution of PCA Adaptation 

First developments of PCAs started already in the 1980s and 90s (Bendel 2003), whereas the subject area 
has gained increasing popularity in the last years as shown by the rising number of scientific publications 
(Hobert and Meyer von Wolff 2019; Karrenbauer et al. 2021; Khosrawi-Rad et al. 2022). Although almost 
20 years ago, conceptual ideas for PCAs in their role of learning companions were mentioned in literature 
(Bendel 2003; Kim et al. 2006), their key competence of establishing a close social bond with their users, 
similar to a friendship-like relationship (Krämer et al. 2011) has matured recently by the progress of 
artificial intelligence (AI) and machine learning methods, allowing to communicate intelligently and 
proactively, to remember learning statuses and progress, and to support the user’s individual needs (Lee et 
al. 2021; Skjuve et al. 2021; Strohmann 2021). As a corollary, these virtual companions, in adding to the 
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functional orientation, particularly force a trusting and long-term bond with the learner (e.g., Replika1). 
According to Rawlins (2017), the “potential of peer friends […] begins to emerge with the mode of equality 
and reciprocity” (p.46).  Consequently, adaptation plays a major role in the formation of a friendship-like 
bond with the PCA; for example, it has already been demonstrated that anthropomorphic design and AI-
supported interaction promote trust building between the user and CA (Wald et al. 2021; Zierau et al. 2020) 
and that the time horizon of usage plays a major role on trust building as well (Nißen et al. 2021).  Not only 
thanks to the growing technical progress but also due to the increased research activities in that field (e.g., 
Diederich et al. 2022; Weber et al. 2021), learning outcomes can be positively affected by adaptive systems 
or adaptable configurations (Plass and Pawar 2020). We therefore look into the concept of PCA adaptation 
from different angles in the next section and connect it to the educative sector.  

The Concepts of Adaptation, Adaptivity, and Adaptability for PCAs 

In computer science, the umbrella term adaptation refers to the process, when an interactive system adapts 
its behavior and settings user-specifically. The term decomposes into the complementary terms adaptivity 
and adaptability. While adaptivity means the automatic adaptation to users according to changing 
conditions induced by collected data (= adaptive system), adaptability refers to users that can substantially 
customize the system through tailoring settings manually (= adaptable system) (Oppermann 2005). 
Adaptivity in pedagogical systems can be broadly defined as the ability of a system to automatically adjust 
instruction based on learners' abilities, context, and/or personality at any point in the learning process to 
act on learners' individual characteristics to improve learning effectiveness and efficiency (Oxman and 
Wong 2014). In addition to accommodating learner diversity, adaptive systems also promote interactivity 
with users, as their goal is to mimic or support human teachers and their pedagogical and subject matter 
expertise (Oxman and Wong 2014). Figure 1 visualizes the definitions of the explained terms supported by 
practical examples in the context of PCAs. 

 

Figure 1. Explaining Terms for Adaptation 

Although it is challenging to address the characteristics of each learner, which is even more difficult in 
contexts where differences are very significant, adaptive teaching systems can prove to be an efficient 
solution (Slavuj et al. 2017) to respond to learners in a personalized manner (e.g., to their personality, 
learning level, or learning type), especially promoted by the progress in artificial intelligence (Hobert and 
Meyer von Wolff 2019; Janati et al. 2020). The use and targeted analysis of data play a major role in 
capturing the needs of users individually (Strohmann 2021; Stucki et al. 2020) - sometimes even by 
responding to latent user needs that they have (initially) not been aware of.  To enable such intelligent 
services, a wide range of user data is necessary, either in real-time to permanently adapt to the current 
situation or on the foundation of a rich data set collected over a longer period (compare p. 6). Enabled by 
machine learning the dialog can be designed more naturally and match the learner’s situation and 
personality in a human-like manner for facilitating individual assistance (Gubareva and Lopes 2020). In 
contrast, the adaptability approach permanently leaves the learner in control of the PCA settings in the 
PCA (e.g., design of the avatar, language settings, or freely selectable difficulty levels) and also allows for 

 
1 https://replika.ai/ 
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adjustments to elements that are difficult to capture via usage data (e.g., appearance or current mood). 
Admittedly the identification of latent learner needs is not possible in this scenario, but usually, the 
technical implementation of the configurations is easier and algorithmic bias is prevented since all 
adjustments are made manually instead of relying on potentially discriminating algorithms. 

Key Variables for Learning Adaptation 

Although variables for adaptive learning and personalization have long been of great interest to developers, 
designers, and educators, recent technological advances are opening up a range of new possibilities, such 
as emotion-aware learning technologies (Harley et al. 2017), adaptive and personalized educative games 
(Plass et al. 2020), adaptive tools for empathy learning (Wambsganß et al. 2021), or adaptive instruction 
(Aleven et al. 2017). To categorize the multiple variables these adaptive learning systems adapt to, Plass and 
Pawar (2020) developed a taxonomy for adaptive learning. The authors analyze relevant factors in learning 
environments that favor the user's learning performance. Their literature-based categorization reveals four 
meta-levels for adaptive learning variables, represented by cognitive, emotional, motivational, and 
social/cultural parameters (Plass and Pawar 2020). Figure 2 illustrates these four categories with 
exemplarily assigned variables.  

 

Figure 2. Examples of adaptive learning variables according to Plass and Pawar (2020) 

While Plass and Pawar (2020) refer in their taxonomy mainly to the component of adaptivity with learning 
performance as the target variable, they emphasize that their mapping is not exhaustive and should be seen 
much more as a "work in progress" (p.295) that should also take into account new variables and targets 
optimizing for, as well as the tension between system-side adaptations to the learner's experience 
(adaptivity) versus adaptable features (adaptability). In our analysis, we follow this broadening idea and 
therefore consider both strands of adaptation. In doing so, we exploratively analyze all adaptation aspects 
of the PCA research we studied and thus include aspects that are not directly related to learning outcomes.  
These include, for example, demographic aspects such as age, gender, and nationality  (Nakic et al. 2014) 
or personality traits and individual preferences in learning (Ranjbartabar and Richards 2018), location-
aware adaptation to incorporate the environment into the learning process (Ako-Nai and Tan 2013), or 
cultural responsiveness through embodiment and interaction (D’Andrea Martínez and Johnston 2019). We 
will then reflect on their affiliation with the four addressed meta categories and explore the sole or combined 
presence of adaptivity and adaptability in scientific PCA literature. 

Methodology 

To identify relevant scientific contributions for answering our RQs, we conducted an SLR (Brendel et al. 
2021; Page et al. 2021).  We included peer-reviewed scientific journal articles and conference papers. To 
collect high-quality contributions of interdisciplinary research domains (Information Systems (IS), 
Computer Science, Education & Pedagogy), following Khosrawi-Rad et al. (2022) we queried the following 
databases: Scopus, ACM Digital Library, AIS eLibrary, IEEE Xplore Digital Library, ERIC, Taylor & 
Francis, and the International Conference on Artificial Intelligence in Education (AIED). Scopus was 
chosen since it contains more than 80 million documents and refers to itself as the “largest abstract and 
citation database for peer-reviewed literature” (Elsevier 2021). ACM Digital Library, AIS eLibrary 

Learning 

Performance
Adaptivity

Affective Variables

• emotional state

• attitudes

• emotion regulation

Cognitive Variables

• skill level

• learning style

• cognitive ability

Motivational Variables

• individual interest

• situational interest

• goal orientation

Socio-cultural Variables

• social context

• culture

• self-perception

Diagnostics/Assessment



Literature Review on PCA Adaptation 

Pacific Asia Conference on Information Systems 2022 

5 

 

(containing the “basket of eight”), and IEEE were selected consistent with Levy and Ellis' (2006) 
recommendation since the database indexes relevant IS conference proceedings and journals. ERIC and 
Taylor & Francis were added as they aggregate scientific contributions from an educational and pedagogical 
perspective. The international conference AIED supplements articles linking AI and education. We 
conducted the SLR in December 2021 by applying the following search phrase to the title, abstract, and 
keywords in the above-mentioned databases:  

TITLE-ABS-KEY (“Learning” OR “Education” OR “E-learning” OR “Instruction”) AND ("Conversational 
Agent" OR "Collaborative Agent" OR “Chatbot” OR "Virtual Assistant" OR "Virtual Companion" OR 
"Interactive Agent") AND ("Adaptation" OR "Adaption" OR "Adaptability" OR "Adaptivity" OR 
"Customization" OR "Personalization" OR "Individualization") 

The search query resulted in a total of 354 hits. Figure 3 presents the search and selection process in a 
PRISMA flow diagram as proposed by Page et al. (2021).  

 

Figure 3. PRISMA Statement  

The column in the middle enumerates the number of reviewed publications during each step, the column 
on the right lists the documents additionally added via backward search as well as the inclusion criteria 
valid for each selection step, while the left column illustrates the successive removal of excluded 
publications after each process step according to our pre-defined exclusion criteria. While we only included 
articles that addressed adaptive or adaptable aspects for PCAs, the exclusion was guided by pre-defined 
criteria: missing PCA implementation, target groups other than students, lack of educative context, health 
focus as well as duplicates, to ensure they fit with our RQs. We applied a peer-reviewed screening process 
to strengthen the objectivity of the SLR. Following the suggestion of Bandara et al. (2015), we coded the 
finally detected 31 articles supported by the software MAXQDA. Our code system aligned to the two strands 
of adaptation and we exploratively discovered adaptable and adaptive PCA aspects enriched by the 
technological evolution of the respective publication and various further dimensions (e.g., learning setting 
or education level). A joint and explorative derivation of the (sub-) codes following Mayring (2015) was 
created, which ensured a shared understanding for attributing codes during the further coding process and 
analysis of the results.  
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Results 

The 31 finally selected articles were published in the years 2006-2021, among these two before 2010, 
another three before 2015, 18 in the period 2015-2020, and eight in 2021 alone, reflecting the growing 
popularity of this branch of research. When looking at the technological complexity of adaptation, purely 
configurative settings, in the beginning, evolved to increasing test-based classifications of the learner to a 
rise of AI-based adaptivity in recent years. Although a combination of the three forms of implementation is 
conceivable, only Griol et al. (2017) and Sharef et al. (2020) combine AI with configurations, and Vladova 
et al. (2019) with test-based classification, respectively. Figure 4 illustrates those findings per year with the 
most complex form depicted per coded publication. 

 

Figure 4. Number and Technological Complexity of Coded Publications per Year 

With a presence in 22 of the 31 articles, formal learning settings dominate. The academic level prevails with 
18 related publications compared to three publications that can be assigned to the lower or middle 
educational level. Half of the analyzed articles lack a solid theoretical grounding by simply focusing on the 
practical perspective in their study (e.g. Ruan et al. 2019; Zhang et al. 2020) without referring to a kernel 
theory. Theoretical grounding on learning or motivational theories dominates. While 13 introduced PCAs 
do not refer to a specific domain of application, the others cover instructional planning (Kim et al. 2006), 
argumentation (Wambsganß et al. 2020, 2021), speech training (Zhang et al. 2020), creativity/idea 
generation (Vladova et al. 2019), engineering (Taoum et al. 2018), serious game implementation (Gamage 
and Ennis 2018), mathematics (Cai et al. 2021), literacy/numeracy (e.g., Schouten et al. 2021) as well as 
language learning (e.g., Hassani et al. 2016) and IT (e.g., Latham et al. 2012), with the latter two slightly 
dominating with four and three mentions respectively.  

During our analysis we came across four different adaptation scenarios: scenarios 1 and 2 create a learner 
profile at a fixed point in time, based on static elements - either in the form of a configuration that can be 
set by the customer (1) or a pre-test that the learner must first complete and is then assigned to a category 
based on the results obtained (2). Scenarios 3 and 4, on the other hand, describe a permanent adaptation 
based on dynamic data - either after the collection of sufficient user data (3) or, in scenario 4, by adapting 
to real-time data sources such as skin sensors or camera input. Each scenario then transfers the adaptations 
from the PCA backend to the frontend by adapting to the learner as shown in Figure 5 on the next page. 19 
articles use permanent adaptation (scenario 3+4), while the remaining rely on static elements, thereof nine 
contributions on a one-time pre-test. The source of data classification for adaptation often goes back to only 
one identifier like selectable learning activities (e.g., Courtine and Renault 2007) in scenario 1, a cognitive 
diagnostic pre-test for classification (e.g., Kularbphettong et al. 2015) in scenario 2, a learner profile of 
achieved scores in previous tests (e.g., Baesa and Caballero 2018) in scenario 3, or the learner’s heart rate 
as biological reaction data (Sharef et al. 2020) in the fourth scenario. Only Griol et al. (2017), as well as 
Sharef et al. (2020), make use of scenarios 1, 3, and 4 in parallel, while Vladova et al. (2019) combine 
scenarios 2 and 3 for a learning avatar that adapts to the results of a survey and later on to collected learner 
profile data. Thus, the synergetic combination of the four scenarios remains largely unnoticed. Also, 
adaptivity to real-time data sources is only present in three cases, potentially for the reason that it requires 
sophisticated additional technology like sensors close to the user measuring body functions or the 
processing of video signals in real-time. 
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Figure 5. PCA Adaptation Scenarios 

In addition to the prevalence of the four adaptation scenarios, we also exploratively examined the presence 
of adaptation aspects in the strands of adaptability and adaptivity, as well as other characteristics of the 
PCA research like a field of use and long-term orientation. Table 1 on the next page illustrates, in aggregate, 
those (adaptation) aspects identified in the 31 publications examined. Each traced form of adaptation was 
coded and marked accordingly with a cross in the table. As a result, gaps, as well as strongly represented 
dimensions, can be identified at a glance. It is striking that there were fewer adaptable PCA categories 
(embodiment, proactivity, cognitive level, unspecified user preferences) found in the strand of adaptability, 
and also fewer hits within each of them (just six explicit adaptability mentions in total were detected in the 
31 articles examined) than in the other adaptation strain. In the adaptivity strand, in contrast, we were able 
to identify twice as many adaptive dimensions (personality (traits), embodiment, emotion, learning style, 
tailored feedback, motion, unspecified others), which appeared much more frequently with a total of 41 
mentions. PCA adaptation research thus appears to focus more on the aspect of adaptivity, potentially due 
to the given growing technological opportunities for data adaptivity and is also in line with the growing use 
of permanently adapting systems (scenarios 3 and 4) in recent years.  
 
Even though many language learning apps like Chinese Skill 2  or Duolingo 3  work with (non-human) 
adaptable avatars and skill levels in practice, we did not find scientific PCA research in that context and 
only one (human-like) avatar was adaptable (Gamage and Ennis 2018). The simultaneous encounter of 
adaptable and adaptive aspects in a PCA remained mostly unconsidered, although their purposeful, 
synergistic application seems promising for adapting to the complex learner’s needs multi-dimensionally. 
The synopsis indicates that research studies tend to be fragmented, embedding only a single aspect of 
adaptation. However, some PCAs adapted to at least two elements in parallel, for instance, personality-
adaptive speech patterns paired with ethnicity and emotion (Ranjbartabar and Richards 2018), peer 
students’ recommendation paired with tailored learning resources adapted to the learner’s skill level 
(Sharef et al. 2020), adaptive skill levels paired with adaptive facial expressions of the PCA’s avatar and 
autonomous navigation options (Taoum et al. 2018), adaptability of the ethnicity, style, and gender of 
humanoid avatars (Gamage and Ennis 2018) as well as adaptable PCA cognitive levels together with 
proactivity in interaction (Kim et al. 2006). Although two articles (Adel et al. 2016; Crockett et al. 2011) do 
not cover the concrete adaptation itself, they address learning style classifications with the target of tailored 
instruction. 

 
2 https://www.chineseskill.com/ 
3 https://www.duolingo.com/ 
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Table 1. Identified Adaptation Aspects in PCAs 

= affective;       = cognitive;       = motivational;       =  socio-cultural
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Four additional papers also deal with learning style adaptivity (e.g., Kularbphettong et al. 2015), often by 
referring to the Index of Learning Style (e.g., Latham et al. 2012) or the Felder-Silverman learning style 
test (e.g., Filho et al. 2021; Redondo-Hernández and Pérez-Marín 2012). Most frequently, adaptivity was 
detected to the learner’s skill level (18 cases), sometimes even combined with other characteristics, for 
instance, context adaptation like motion, orientation, and further unspecified environmental conditions 
(Griol et al. 2017; Rooein 2019), the calculation of a personalized learning path (e.g., Davies et al. 2021) or 
mimicking a human tutor by using knowledge of learning styles (Latham et al. 2012). Adaptation to 
personality was found six times, thereof four times according to the Big Five personality traits (Dennis 2011; 
Ranjbartabar and Richards 2018; Redondo-Hernández and Pérez-Marín 2012; Vladova et al. 2019). Kim et 
al. (2006) demonstrate that high-competency PCAs positively influence students’ application of learning, 
while low-competency PCAs are perceived as more motivational due to a stronger feeling of self-efficiency 
by the learner – the cognitive level adaptability refers hereby to the competence of the PCA instead of the 
learner’s cognitive skills (e.g., Ruan et al. 2019). 

Comparing our findings with the four proposed meta-categories (cognitive, motivational, affective, socio-
cultural) from the taxonomy of adaptivity for learning (Plass and Pawar 2020), these help answer RQ1. 
Identified PCA adaptation criteria can be decomposed to the adaptability and adaptivity strands. The upper 
category of adaptivity by cognitive variables strongly dominates, as skill level and learning style are 
particularly frequently adapted in PCAs. Cognitive variables are addressed in 27 of the 31 papers examined, 
with the main goal of improving learning outcomes. Adaptive motivational variables were identified in 
eleven of the articles studied. In the dimension of adaptive affective variables, the first emotion-aware PCAs 
are arising (e.g., Haefner et al. 2021). The socio-cultural level is adapted only sporadically in terms of 
personality (Vladova et al. 2019), the (ethnic) embodiment of an adaptable avatar (Gamage and Ennis 
2018), and the PCA’s language perception (Wang et al. 2021). Thereby, in addition to the learning outcome, 
also other variables, e.g., perceived likeability, anthropomorphism, intelligence, and the impact on learner 
engagement are considered (Gamage and Ennis 2018; Wang et al. 2021). However, the culture-specific and 
social context remains widely untouched. In addition, it is striking that all of the publications examined are 
based only on a short-term perspective of fewer than six months, so long-term statements about the effect 
of the adaptation cannot be made, although being crucial for their sustainable design and usage. For 
instance, these would be relevant for describing a trusting, social relationship (Nißen et al. 2021), since 
learners’ perception of the PCA’s andromorphism and intelligence changes already within ten weeks of 
regular interaction (Wang et al. 2021).  

Discussion 

In this paper, we have investigated the state-of-the-art in adaptation aspects of PCAs using an SLR. Our 
core findings are reflected in this chapter by discussing discrepancies, limitations, and arising future 
research streams.  

Theoretical Potential vs. Current status of PCA Adaptation in Literature 

Our results show a discrepancy between the expectations towards adaptive and adaptable PCAs addressed 
in the examined literature and their actual implementation status: The expectations toward PCAs are 
manifold and profound. The authors of the articles under study promise at least teaching or learning 
support (e.g., Cai et al. 2021; González-Castro et al. 2021) - in some cases even "to replace a human tutor 
in some circumstances" (Courtine and Renault 2007, p. 22) with the goal of an improved companionship-
like relation (Redondo-Hernández and Pérez-Marín 2012) and individual support like personalized 
guidance (Cai et al. 2021). They desire an individualized, more comfortable learning experience (Crockett 
et al. 2011; Latham et al. 2012) and adaptivity to skill level (e.g., Hassani et al. 2016; Schouten et al. 2021), 
attention spans or pace (Davies et al. 2021; Dennis 2011; Haefner et al. 2021). However, according to our 
analysis, this is contrasted by the uncovered, mostly prototypical, and technically underdeveloped state of 
adaptive PCA implementations, which mostly rely on pre-test classification and frequently just adapt to a 
single feature. Also, the human adaptability to emotions, personalities, and social needs, which is necessary 
for the idea of companionship as well as a long-term view on adaptation impact, has not been considered 
so far, or only in a rudimentary way and without a long-term perspective (e.g., Dennis 2011; Ranjbartabar 
and Richards 2018). Although the argument that a PCA has better memory (Ranjbartabar and Richards 
2018) and greater access to learning content than a teacher (González-Castro et al. 2021; Haefner et al. 
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2021; Vladova et al. 2019), at least the current status quo does not suggest that human teachers with their 
social skills and holistic view of the learner could be replaced in practice in the near future. Rapid progress 
in AI-based adaptivity opens new chances for promising innovations. 

In addition, Gamage and Ennis (2018) draw attention to meta-studies by Schroeder et al. (2013) revealing 
that study results on the effect of PCAs on learning outcomes are inconsistent, and thus it is unresolved 
whether and what effects PCAs have on learning. In doing so, they put into perspective the expectations 
that some authors (e.g., Adel et al. 2016; Bakouan et al. 2018) have for improving learning outcomes. Baesa 
and Caballero (2018) cite the potential to "ensure inclusive and quality education" (p.61) and Ranjbartabar 
and Richards (2018) underline that user identification with the PCA is related to appearance (e.g., gender, 
age, ethnicity). In addition, ethical studies of PCAs are gaining relevance (Schlimbach et al. 2022; 
Spiekermann et al. 2022; Wambsganß et al. 2021a). Provided ethical considerations are taken into account 
(Wambsganß et al. 2021a), adaptive PCAs offer the potential to revolutionize individualized learning and 
increase educational equity in the long run (Schlimbach and Khosrawi-Rad 2022). However, in practical 
implementation, with some exceptions (Gamage and Ennis 2018; Ranjbartabar and Richards 2018), we 
could not find a PCA that implements inclusion and diversity as adaptation components. Furthermore, 
none of the publications addresses data protection aspects, although the permanent collection and storage 
of sensitive, personal data are key to the design of adaptive systems and ethically responsible handling of 
them is thus essential. These findings underscore the still early stage in which this emerging branch of 
research is in and thus opens a broad field for further research (Schlimbach and Khosrawi-Rad 2022). 

The desire for cost-effective scalability (e.g., Adel et al. 2016; Haefner et al. 2021) conflicts with the core 
argument of high personalization to the individual learner and his or her needs since an expansion to 
different (subject) contexts and an even higher heterogeneity of learners naturally also entails quality losses 
in the precision of the adaptation or extensively drives up development and operating costs. The tension 
between pigeonholing and over-specialization might be one reason why the analyzed articles research either 
at a strongly generic or strongly specific level. The frequently referenced advantage of the locally and 
temporally flexible adaptability of PCA is currently only reflected in its 24/7 availability, but - with a few 
exceptions (e.g., Griol et al. 2017) - without exploiting the potentials of situational adaptation in the terms 
of context-awareness. High expectations were set by the investigated articles on the technical progress, 
especially in the field of AI (e.g., Davies et al. 2021; Janati et al. 2020) and the arising possibilities for real-
time adaptation (Taoum et al. 2018). Taking into account that developments on PCAs have been ongoing 
for more than 30 years (Bendel 2003) and adaptive learning concepts for about 50 years (Davies et al. 2021) 
from today, our analysis results disappoint by showing the dominance of learners' one-time classification 
in pre-tests based on a single data source or aggregated data instead of real-time adaptivity. Nevertheless, 
the temporal clustering of identified adaptive PCAs in the last three years (cf. p.6) also demonstrates that 
this research field has only recently begun to gain momentum and produce innovative findings.  

In line with Wollny et al. (2021), we conclude that we are not there yet, as potentials in adaptive and 
adaptable PCAs have been identified by researchers but have largely not yet been practically implemented. 
In this context, concrete design recommendations are lacking. Among the 31 analyzed publications, only 
Wambsganß et al. (2020) explicitly derive design principles for adaptive PCAs, and this is only for the 
specific use case of improving students’ argumentation skills. To trigger further research for the gaps we 
have identified, we derive seven future research streams, which we elaborate on in detail in the section after 
our research limitations also resulting in the need for further studies. 

Limitations 

As with any SLR, our contribution is subject to certain limitations. Although we followed established 
guidelines, our search strategy (e.g., selection of databases and search terms) may have missed relevant 
contributions. In addition, the fast pace of this emerging research strand leads to a constant stream of new 
publications; however, we were only able to consider those up to and including December 2021. Despite the 
peer-review screening process and software-based coding, we are aware that this process always produces 
subjectively made decisions that can never be entirely prevented. Because we focused specifically on 
adaptation aspects for actually implemented PCAs, research contributions to adaptive CAs in general 
(addressing other domains than education) were left out and would have led to other prevailing categories 
and a different categorization and interpretation. However, we find it valuable to highlight the specifics of 
PCA adaptation like the dominance of cognition-adaptive variables. Furthermore, for our analysis, we chose 
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a classification along the complementary used terms adaptivity and adaptability (Oppermann 2005), and 
deducted sub-dimensions exploratory before comparing them to the core categories of the taxonomy of 
adaptivity for learning (Plass and Pawar 2020). We acknowledge that there might be different 
classifications for both as well, which would lead again to a different structuring. Besides, since we focused 
on design elements of PCAs and their adaptation scenarios, we did not explore the specific technical 
implementation (like architecture, recommender systems, or programmed networks) of adaptive systems 
in detail. Furthermore, some analyzed contributions were more generically oriented, while others focused 
specifically on a particular application domain and addressed the adaptation of PCAs for that particular use 
case. However, we believe that both approaches have merit and that the inclusion of their results enhances 
the holistic perspective of our contribution - yet the transferability needs to be further explored.  

Despite these limitations, we argue that the categorizations we use are appropriate for delineating manual 
versus automatic user adaptation and their respective implementation in PCAs to represent the state of the 
art for PCAs against this background. We would like to encourage further research by bringing up potential 
future research avenues. 

Future Research 

Answering RQ2, our study offers various promising directions for future research, so we suggest seven 
future research streams: 

(1) Exploring the transferability of adaptation studies: PCAs are a highly interdisciplinary field of 
research, combining for example pedagogical, psychological, and social science aspects with IS 
research. While adaptation studies for PCAs are still underrepresented, research in this field is already 
more advanced in other application domains (e.g., Ling et al. 2021; Wald et al. 2021). Therefore, it 
seems worthwhile to investigate the transferability of existing results to new contexts or from specific 
use cases to more generic ones and vice versa. 

(2) Considering the ethical perspective: Further interdisciplinary research is needed to better 
understand the ethical and societal implications of designing adaptable and adaptive PCAs. Not all 
adaptation features may be appropriate or desirable for PCAs. For example, adaptive mechanisms could 
be misused to collect user data for targeted sale, or algorithmic bias (e.g. explained in Casas-Roma and 
Conesa 2021) might discriminate against certain groups of learners and provoke educational inequality 
or ignore specific (e.g., cultural) needs. The management of the data required for adaptivity should also 
be given greater consideration, e.g., from a data security perspective as a basic requirement for 
implementation (Schlimbach and Khosrawi-Rad 2022). 

(3) Analyzing long-term effects of adaptive PCAs: Expectations for improved learning outcomes 
thanks to adaptive PCAs and other positive effects leading to a close and trusting learner-agent-
companionship, require the investigation of the long-term perspective. Since only short-term studies 
are available so far, we recommend pushing for longitudinal studies. 

(4) Leveraging the potential of AI: The rapid progress in areas such as artificial intelligence suggests 
new potentials for technological implementation, for example, fully self-learning systems, thus moving 
away from the current mostly time-delayed and test-based classification of learners to real-time 
adaptivity to a variety of relevant learning variables in parallel and a sound cost-benefit ratio. 

(5) Relating desirability to feasibility for PCA adaptation: Discrepancies, revealed in many 
directions, between the scientists’ expectation and actual implementation status of PCAs requires 
extensive further research, for example, to define the intended role of the PCA and the limits of 
(technical) feasibility at that time. As a result, research efforts could be more purposefully channeled. 

(6) Conducting meta-studies on PCA adaptation: Holistically examined meta-studies should expand 
the currently scattered landscape of adaptation research by integrating a variety of PCA perspectives in 
the context of adaptation, potentially resulting in a holistic framework with generic and application-
specific cues derived therefrom. In addition, existing conflicting results should be further examined to 
solve inconsistencies - for example, some of the design recommendations of personality-adaptive CAs 
contradict each other (Ahmad et al. 2021). 

(7) Deriving adaptable Design Principles: Sound design principles for adaptive and adaptable PCAs 
are lacking, and should be thoughtfully discovered and evaluated for consistency and suitability for 
combination to systematically support researchers and practitioners in designing ethically and socially 
desirable PCAs with the potential to revolutionize education. 



Literature Review on PCA Adaptation 

Pacific Asia Conference on Information Systems 2022 

12 

 

Conclusion 

Our research aimed to provide an overview of adaptation aspects addressed in the scientific literature for 
the design of PCAs. Therefore, we conducted an SLR following the approach by Brendel et al. (2021). 
Starting from 354 initial hits derived from seven databases, we finally analyzed 31 publications bridging 
education and IS research on PCA adaptation. We structured our findings based on the dimensions of 
adaptability or adaptivity and derived adaptation scenarios for PCAs. The identified cues manifesting a 
variety of adaptation patterns were then classified into a table for further discussion. Our literature review 
results contribute to IS research by providing an overview of adaptation elements manifested in PCAs and 
uncovered the following core findings: First, adaptation extends almost exclusively to either adaptability or 
adaptivity in PCA research; frequently a single trait from the plethora of adaptation elements is adapted 
and mostly relies on a single data source variable. Second, adaptability options are severely 
underrepresented, and long-term studies on PCA adaptation are lacking, which is surprising given the 
growing evolution of socially bonding PCAs aiming for long-lasting, trustworthy relationships. Third, our 
SLR revealed the imbalance of theoretically detected chances of PCAs and the practical lack of its 
implementation. However, the rapid technological advances, especially in the field of AI, give hope for a 
timely resolution of this discrepancy. Intended to provide impetus, we derived seven promising research 
streams and discussed the arising potentials. Figure 6 illustrates the seven fields of action to explore and 
leverage the potential of adaptable and adaptive PCAs.  

 

Figure 6. Overview of Future Research Streams 

Our findings should be a useful resource for researchers and practitioners to reflect on the actual design of 
adaptive and adaptable PCAs. Future research thus needs to fill the current blind spots and provide a more 
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complete picture of what exhibits the potential of technologically sophisticated, learner-adaptive, and 
adaptable PCAs. 

Acknowledgments  

This contribution results from the project StuBu, funded by the German Federal Ministry of Education and 

Research (BMBF); Grant # 21INVI06. 

 

REFERENCES 

Adel, N., Latham, A., and Crockett, K. A. 2016. “Towards Socially Intelligent Automated Tutors: Predicting 
Learning Style Dimensions from Conversational Dialogue,” in 2016 International IEEE Conferences 
on Ubiquitous Intelligence Computing, Advanced and Trusted Computing, Scalable Computing and 
Communications, Cloud and Big Data Computing, Internet of People, and Smart World Congress, 
pp. 315–320.  

Ahmad, R., Siemon, D., Fernau, D., and Robra-Bissantz, S. 2020. Introducing “Raffi”: A Personality 
Adaptive Conversational Agent, in Proceedings of the 24th Pacific Asia Conference on Information 
Systems, Dubai, UAE. 

Ahmad, R., Siemon, D., Gnewuch, U., and Robra-Bissantz, S. 2021. A Framework of Personality Cues for 
Conversational Agents, in Proceedings of the 55th Hawaii International Conference on System 
Sciences, pp.4286-4295. 

Ako-Nai, F., and Tan, Q. 2013. “Location-Based Learning Management System for Adaptive Mobile 
Learning,” International Journal of Information and Education Technology (3:5), pp. 140-147. 

Aleven, V., McLaughlin, E. A., Glenn, A., and Koedinger, K. 2017. “Instruction Based on Adaptive Learning 
Technologies,” in Handbook of Research on Learning and Instruction (Vol. 2), Routledge, NY, USA, 
pp. 522–560. 

Baesa, R. D., and Caballero, J. M. 2018. “Data Analytics on Virtual Learning Environment for Philippine 
Re-Entry Education Program,” in Proceedings of the 4th International Conference on Human-
Computer Interaction and User Experience in Indonesia, CHIuXiD ’18, CHIuXiD ’18, New York, NY, 
USA: Association for Computing Machinery, March 23, pp. 61–65.  

Bakouan, M., Kone, T., Kamagate, B. H., Oumtanaga, S., and Babri, M. 2018. “A Chatbot for Automatic 
Processing of Learner Concerns in an Online Learning Platform,” International Journal of Advanced 
Computer Science and Applications (9:5), pp. 168–176. 

Bandara, W., Furtmueller, E., Gorbacheva, E., Miskon, S., and Beekhuyzen, J. 2015. “Achieving Rigor in 
Literature Reviews: Insights from Qualitative Data Analysis and Tool-Support,” Communications of 
the Association for Information Systems (37:1). 

Bendel, O. 2003. Pädagogische Agenten Im Corporate E-Learning. Dissertation, Universität St. Gallen. 
Brendel, A. B., Trang, S., Marrone, M., Lichtenberg, S., and Kolbe, L. M. 2021. What to Do for a Literature 

Review? – A Synthesis of Literature Review Practices, in Proceedings of the Americas Conference on 
Information Systems, Salt Lake City, USA. 

Cai, W., Grossman, J., Lin, Z. J., Sheng, H., Wei, J. T.-Z., Williams, J. J., and Goel, S. 2021. “Bandit 
Algorithms to Personalize Educational Chatbots,” Machine Learning (110:9), pp. 2389–2418.  

Casas-Roma, J., and Conesa, J. 2021. “Towards the Design of Ethically-Aware Pedagogical Conversational 
Agents,” in Advances on P2P, Parallel, Grid, Cloud and Internet Computing, Lecture Notes in 
Networks and Systems, L. Barolli, M. Takizawa, T. Yoshihisa, F. Amato, and M. Ikeda (eds.), Cham: 
Springer International Publishing, pp. 188–198.  

Chun Ho, C., Lee, H. L., Lo, W. K., and Lui, K. F. A. 2018. “Developing a Chatbot for College Student 
Programme Advisement,” in 2018 International Symposium on Educational Technology, pp. 52–56.  

Courtine, M., and Renault, V. 2007. CAMELEON: A Generic Model of Embodied Conversational Agent for 
e-Learning Portals., , January 1, pp. 21–27. 

Crockett, K., Latham, A., Mclean, D., Bandar, Z., and O’Shea, J. 2011. “On Predicting Learning Styles in 
Conversational Intelligent Tutoring Systems Using Fuzzy Classification Trees,” in 2011 IEEE 
International Conference on Fuzzy Systems, pp. 2481–2488.  



Literature Review on PCA Adaptation 

Pacific Asia Conference on Information Systems 2022 

14 

 

D’Andrea Martínez, P., and Johnston, E. M. 2019. “Prioritizing Mindsets: What New York State’s Culturally 
Responsive-Sustaining Education Framework Gets Right,” Ethical Schools, October 29. 
(https://ethicalschools.org/2019/10/prioritizing-mindsets-what-new-york-states-culturally-
responsive-sustaining-education-framework-gets-right/, accessed May 6, 2022). 

Davies, J. N., Verovko, M., Verovko, O., and Solomakha, I. 2021. “Personalization of E-Learning Process 
Using AI-Powered Chatbot Integration,” in Mathematical Modeling and Simulation of Systems 
(MODS’2020), Advances in Intelligent Systems and Computing, S. Shkarlet, A. Morozov, and A. 
Palagin (eds.), Cham: Springer International Publishing, pp. 209–216.  

Dennis, M. 2011. “Encouraging Students to Study More: Adapting Feedback to Personality and Affective 
State,” in Artificial Intelligence in Education, Lecture Notes in Computer Science, G. Biswas, S. Bull, 
J. Kay, and A. Mitrovic (eds.), Berlin, Heidelberg: Springer, pp. 597–599.  

Diederich, S., Brendel, A., Morana, S., and Kolbe, L. 2022. “On the Design of and Interaction with 
Conversational Agents: An Organizing and Assessing Review of Human-Computer Interaction 
Research,” Journal of the Association for Information Systems, pp.96-138 

Elsevier. 2021. “About Elsevier Scopus Blog,” Scopus.Com, November 16. (https://blog.scopus.com/about, 
accessed November 16, 2021). 

Feidakis, M., Kasnesis, P., Giatraki, E., Giannousis, C., Patrikakis, C., and Monachelis, P. 2019. “Building 
Pedagogical Conversational Agents, Affectively Correct,” in CSEDU 2019 (1), pp. 100–107.  

Filho, A. H., Viecelli, K., do Prado, H. A., Ferneda, E., Thalheimer, J., and da Rocha Fernandes, A. M. 2021. 
“An Adaptive and Proactive Interface Agent for Interactivity and Decision-Making Improvement in a 
Collaborative Virtual Learning Environment,” Lecture Notes in Business Information Processing 
(417), pp. 612–634.  

Følstad, A., Skjuve, M., and Brandtzaeg, P. B. 2019. “Different Chatbots for Different Purposes: Towards a 
Typology of Chatbots to Understand Interaction Design,” in Internet Science, Lecture Notes in 
Computer Science, S. S. Bodrunova, O. Koltsova, A. Følstad, H. Halpin, P. Kolozaridi, L. Yuldashev, A. 
Smoliarova, and H. Niedermayer (eds.), Cham: Springer International Publishing, pp. 145–156.  

Gamage, V., and Ennis, C. 2018. “Examining the Effects of a Virtual Character on Learning and Engagement 
in Serious Games,” in Proceedings of the 11th Annual International Conference on Motion, 
Interaction, and Games, MIG ’18, New York, NY, USA: Association for Computing Machinery, 
November 8, pp. 1–9.  

González-Castro, N., Muñoz-Merino, P. J., Alario-Hoyos, C., and Delgado Kloos, C. 2021. “Adaptive 
Learning Module for a Conversational Agent to Support MOOC Learners,” Australasian Journal of 
Educational Technology (37:2), Australasian Society for Computers in Learning in Tertiary Education, 
pp. 24–44. 

Griol, D., Molina, J. M., and Callejas, Z. 2017. “Incorporating Android Conversational Agents in M-Learning 
Apps,” Expert Systems (34:4).  

Gubareva, R., and Lopes, R. P. 2020. Virtual Assistants for Learning: A Systematic Literature Review, in 
(Vol. 1), presented at the CSEDU 2020 - Proceedings of the 12th International Conference on Computer 
Supported Education, pp. 97–103. 

Haefner, F., Härting, R.-C., and Bueechl, J. 2021. Potentials and Challenges of Emotionally Sensitive 
Applications in Apprenticeship, in (Vol. 192), presented at the Procedia Computer Science, pp. 2606–
2615.  

Hanna, N., and Richards, D. 2015. “The Influence of Users’ Personality on the Perception of Intelligent 
Virtual Agents’ Personality and the Trust within a Collaborative Context: International Workshop on 
Collaborative Agents Research and Development and International Workshop on Multiagent 
Foundations of Social Computing,” Advances in Social Computing and Multiagent Systems (541), 
Communications in Computer and Information Science, (F. Koch, C. Guttmann, and D. Busquets, 
eds.), Cham: Springer, Springer Nature, pp. 31–47.  

Harley, J. M., Lajoie, S. P., Frasson, C., and Hall, N. C. 2017. “Developing Emotion-Aware, Advanced 
Learning Technologies: A Taxonomy of Approaches and Features,” International Journal of Artificial 
Intelligence in Education (27:2), pp. 268–297.  

Hassani, K., Nahvi, A., and Ahmadi, A. 2016. “Design and Implementation of an Intelligent Virtual 
Environment for Improving Speaking and Listening Skills,” Interactive Learning Environments 
(24:1), Routledge, pp. 252–271.  

Hobert, S., and Meyer von Wolff, R. 2019. “Say Hello to Your New Automated Tutor – A Structured 
Literature Review on Pedagogical Conversational Agents,” Wirtschaftsinformatik 2019 Proceedings.  



Literature Review on PCA Adaptation 

Pacific Asia Conference on Information Systems 2022 

15 

 

Janati, S. E., Maach, A., and Ghanami, D. E. 2020. “Adaptive E-Learning AI-Powered Chatbot Based on 
Multimedia Indexing,” International Journal of Advanced Computer Science and Applications 
(11:12), pp. 299–308.  

Jia, J., and Chen, W. 2008. “Motivate the Learners to Practice English through Playing with Chatbot 
CSIEC,” in Technologies for E-Learning and Digital Entertainment, Lecture Notes in Computer 
Science, Z. Pan, X. Zhang, A. El Rhalibi, W. Woo, and Y. Li (eds.), Berlin, Heidelberg: Springer, pp. 
180–191.  

Karrenbauer, C., König, C., and Breitner, M. 2021. “Individual Digital Study Assistant for Higher Education 
Institutions: Status Quo Analysis and Further Research Agenda,” in Proceedings of the 16th 
International Conference on Wirtschaftsinformatik, Essen, Germany. 

Kerly, A., and Bull, S. 2006. “The Potential for Chatbots in Negotiated Learner Modelling: A Wizard-of-Oz 
Study,” in Intelligent Tutoring Systems, Lecture Notes in Computer Science, M. Ikeda, K. D. Ashley, 
and T.-W. Chan (eds.), Berlin, Heidelberg: Springer, pp. 443–452.  

Kerly, A., Ellis, R., and Bull, S. 2008. “CALMsystem: A Conversational Agent for Learner Modelling,” 
Knowledge-Based Systems (21:3), AI 2007, pp. 238–246.  

Khosrawi-Rad, B., Schlimbach, R., Gebbing, P., Yang, X., Lattemann, C., Markgraf, D., and Robra-Bissantz, 
S. 2022. Conversational Agents in Education - a Systematic Literature Review, accepted for the 30th 
European Conference on Information Systems (ECIS 2022), Timisoara, Rumania, forthcoming. 

Kim, Y., Baylor, A. L., and PALS Group. 2006. “Pedagogical Agents as Learning Companions: The Role of 
Agent Competency and Type of Interaction,” Educational Technology Research and Development 
(54:3), pp. 223–243. 

Kocaballi, A. B., Berkovsky, S., Quiroz, J., Laranjo, L., Tong, H. L., Rezazadegan, D., Briatore, A., and Coiera, 
E. 2019. “The Personalization of Conversational Agents in Health Care: Systematic Review,” Journal 
of Medical Internet Research (21:11). 

Krämer, N., Eimler, S., Rosenthal-von der Pütten, A. M., and Payr, S. 2011. “Theory of Companions: What 
Can Theoretical Models Contribute to Applications and Understanding of Human-Robot 
Interaction?,” Applied Artificial Intelligence (25), pp. 474–502. 

Kularbphettong, K., Kedsiribut, P., and Roonrakwit, P. 2015. “Developing an Adaptive Web-Based 
Intelligent Tutoring System Using Mastery Learning Technique,” Procedia - Social and Behavioral 
Sciences (191), Elsevier BV.  

Latham, A., Crockett, K., McLean, D., and Edmonds, B. 2012. “Adaptive Tutoring in an Intelligent 
Conversational Agent System,” in Transactions on Computational Collective Intelligence VIII, Lecture 
Notes in Computer Science, N.-T. Nguyen (ed.), Berlin, Heidelberg: Springer, pp. 148–167.  

Lee, S. K., Kavya, P., and Lasser, S. C. 2021. “Social Interactions and Relationships with an Intelligent 
Virtual Agent,” International Journal of Human-Computer Studies (150), Elsevier. 

Levy, Y., and Ellis, T. 2006. “A Systems Approach to Conduct an Effective Literature Review in Support of 
Information Systems Research,” Informing Science: The International Journal of an Emerging 
Transdiscipline (9), pp. 181–212. 

Ling, E. C., Tussyadiah, I., Tuomi, A., Stienmetz, J., and Ioannou, A. 2021. “Factors Influencing Users’ 
Adoption and Use of Conversational Agents: A Systematic Review,” Psychology & Marketing (38:7), 
pp. 1031–1051. 

Marković, G. 2014. A Prevalence Trend of Characteristics of Intelligent and Adaptive Hypermedia E-
Learning Systems, (11), p. 80-101. 

Mayring, P. 2015. Qualitative Inhaltsanalyse: Grundlagen und Techniken, (12., überarbeitete Auflage.), 
Weinheim Basel: Beltz Verlag. 

McTear, M., Callejas, Z., and Griol, D. 2016. The Conversational Interface: Talking to Smart Devices, 
Springer International Publishing. 

Nakic, J., Granić, A., and Glavinić, V. 2014. “Anatomy of Student Models in Adaptive Learning Systems: A 
Systematic Literature Review of Individual Differences from 2001 to 2013,” Journal of Educational 
Computing Research (51), pp. 203–234.  

Nißen, M., Selimi, D., Janssen, A., Cardona, D., Breitner, M., Kowatsch, T., and Wangenheim, F. 2021. “See 
You Soon Again, Chatbot? A Design Taxonomy to Characterize User-Chatbot Relationships with 
Different Time Horizons,” Computers in Human Behavior (127:2).  

Oppermann. 2005. “User-Adaptive to Context-Adaptive Information Systems,” I-Com Zeitschrift Für 
Interaktive Und Kooperative Medien (4:3), pp. 4–14. 

Oxman, S., and Wong, W. 2014. White Paper:Adaptive Learning Systems. 



Literature Review on PCA Adaptation 

Pacific Asia Conference on Information Systems 2022 

16 

 

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., 
Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hróbjartsson, A., 
Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., McGuinness, L. A., Stewart, L. A., 
Thomas, J., Tricco, A. C., Welch, V. A., Whiting, P., and Moher, D. 2021. “The PRISMA 2020 
Statement: An Updated Guideline for Reporting Systematic Reviews,” BMJ (372), British Medical 
Journal Publishing Group. (https://www.bmj.com/content/372/bmj.n71, accessed May 11, 2022) 

Paul, S. C., Bartmann, N., and Clark, J. L. 2021. “Customizability in Conversational Agents and Their Impact 
on Health Engagement,” Human Behavior and Emerging Technologies (2021:3), pp.1141-1152. 

Plass, J. L., Mayer, R. E., and Homer, B. D. (eds.). 2020. Handbook of Game-Based Learning, Cambridge, 
MA, USA: MIT Press. 

Plass, J., and Pawar, S. 2020. “Toward a Taxonomy of Adaptivity for Learning,” Journal of Research on 
Technology in Education (52), pp. 275–300.  

Ranjbartabar, H., and Richards, D. 2018. “Towards an Adaptive System: Users’ Preferences and Responses 
to an Intelligent Virtual Advisor Based on Individual Differences,” in Proceedings of Designing 
Digitalization (ISD2018), Lund, Sweden. 

Rawlins, W. K. 2017. Friendship Matters Communication, Dialectics, and the Life Course, Routledge. 
Redondo-Hernández, A., and Pérez-Marín, D. 2012. “A Procedure to Automatically Adapt Questions in 

Student – Pedagogic Conversational Agent Dialogues,” in Advances in User Modeling, Lecture Notes 
in Computer Science, L. Ardissono and T. Kuflik (eds.), Berlin, Heidelberg: Springer, pp. 122–134.  

Rooein, D. 2019. “Data-Driven Edu Chatbots,” in Companion Proceedings of the 2019 World Wide Web 
Conference, San Francisco USA: ACM, May 13, pp. 46–49.  

Ruan, S., Jiang, L., Xu, J., Tham, B. J.-K., Qiu, Z., Zhu, Y., Murnane, E. L., Brunskill, E., and Landay, J. A. 
2019. “QuizBot: A Dialogue-Based Adaptive Learning System for Factual Knowledge,” in Proceedings 
of the 2019 CHI Conference on Human Factors in Computing Systems, Glasgow Scotland, UK, pp. 1–
13.  

Schlimbach, R., and Khosrawi-Rad, B. 2022. Towards Ethical Design Features for Pedagogical 
Conversational Agents, accepted for the 28th Americas Conference on Information Systems (AMCIS 
2022), Minneapolis, MN (USA), forthcoming. 

Schlimbach, R., Khosrawi-Rad, B., and Robra-Bissantz, S. 2022. “Quo Vadis: Auf dem Weg zu Ethik-
Guidelines für den Einsatz KI-baisierter Lern-Companions in der Lehre?” HMD Praxis der 
Wirtschaftsinformatik (59:2), pp. 619-632. 

Schouten, D. G. M., Massink, P., Donker, S. F., Neerincx, M. A., and Cremers, A. H. M. 2021. “Using 
Scaffolding to Formalize Digital Coach Support for Low-Literate Learners,” User Modeling and User-
Adapted Interaction (31:2), pp. 183–223.  

Schroeder, N. L., Adesope, O. O., and Gilbert, R. B. 2013. “How Effective Are Pedagogical Agents for 
Learning? A Meta-Analytic Review,” Journal of Educational Computing Research (49:1), SAGE 
Publications Inc, pp. 1–39.  

Sharef, N. M., Azmi Murad, M. A., Mansor, E. I., Nasharuddin, N. A., Omar, M. K., Samian, N., Arshad, N. 
I., Ismail, W., and Shahbodin, F. 2020. “Learning-Analytics Based Intelligent Simulator for 
Personalised Learning,” in 2020 International Conference on Advancement in Data Science, E-
Learning and Information Systems (ICADEIS), Lombok, Indonesia, pp. 1–6.  

Skjuve, M., Følstad, A., Fostervold, K. I., and Brandtzaeg, P. B. 2021. “My Chatbot Companion - a Study of 
Human-Chatbot Relationships,” International Journal of Human-Computer Studies (149), p. 102601.  

Slavuj, V., Meštrović, A., and Kovačić, B. 2017. “Adaptivity in Educational Systems for Language Learning: 
A Review,” Computer Assisted Language Learning (30:1–2), pp. 64–90.  

Spiekermann, S., Krasnova, H., Hinz, O., Baumann, A., Benlian, A., Gimpel, H., Heimbach, I., Köster, A., 
Maedche, A., Niehaves, B., Risius, M., and Trenz, M. 2022. “Values and Ethics in Information Systems: 
A State-of-the-Art Analysis and Avenues for Future Research,” Business & Information Systems 
Engineering (64), pp.247-264). 

Strohmann, T. 2021. “From Assistance to Companionship - Designing Virtual Companions,” Braunschweig: 
Dissertation. 

Stucki, T., D’Onofrio, S., and Portmann, E. 2020. Chatbots gestalten mit Praxisbeispielen der 
Schweizerischen Post: HMD Best Paper Award 2018, essentials, Wiesbaden: Springer Fachmedien 
Wiesbaden. 

Taoum, J., Raison, A., Bevacqua, E., and Querrec, R. 2018. An Adaptive Tutor to Promote Learners’ Skills 
Acquisition during Procedural Learning, in Proceedings of ITS Workshops. 



Literature Review on PCA Adaptation 

Pacific Asia Conference on Information Systems 2022 

17 

 

Vijayakumar, B., Höhn, S., and Schommer, C. 2019. Quizbot: Exploring Formative Feedback with 
Conversational Interfaces, pp. 102–120.  

Vladova, G., Haase, J., Rüdian, L., and Pinkwart, N. 2019. Educational Chatbot with Learning Avatar for 
Personalization, presented at the 25th AMCIS, Cancun, Mexico, August 15, pp. 1–5. 

Wald, R., Heijselaar, E., and Bosse, T. 2021. “Make Your Own: The Potential of Chatbot Customization for 
the Development of User Trust,” in Adjunct Proceedings of the 29th ACM Conference on User 
Modeling, Adaptation and Personalization, UMAP ’21, New York, NY, USA: Association for 
Computing Machinery, pp. 382–387.  

Wambsganß, T., Höch, A., Zierau, N., and Söllner, M. 2021a. “Ethical Design of Conversational Agents: 
Towards Principles for a Value-Sensitive Design,” in Proceedings of the 16th International Conference 
on Wirtschaftsinformatik 2021, Essen, Germany. 

Wambsganß, T., Söllner, M., and Leimeister, J. 2020. “Design and Evaluation of an Adaptive Dialog-Based 
Tutoring System for Argumentation Skills,” in Proceedings of the 41st International Conference on 
Information Systems, Hyderabad, India. 

Wambsganß, T., Weber, F., and Söllner, M. 2021. Designing an Adaptive Empathy Learning Tool, in 
Proceedings of the 16th International Conference on Wirtschaftsinformatik 2021, Essen, Germany. 

Wang, Q., Saha, K., Gregori, E., Joyner, D. A., and Goel, A. K. 2021. Towards Mutual Theory of Mind in 
Human-Ai Interaction: How Language Reflects What Students Perceive about a Virtual Teaching 
Assistant, in Proceedings of the Conference on Human Factors in Computing Systems. 

Wardhana, A. K., Ferdiana, R., and Hidayah, I. 2021. “Empathetic Chatbot Enhancement and Development: 
A Literature Review,” in Proceedings of the 2021 International Conference on Artificial Intelligence 
and Mechatronics Systems (AIMS), pp. 1–6.  

Weber, F., Wambsganß, T., Rüttimann, D., and Söllner, M. 2021. Pedagogical Agents for Interactive 
Learning: A Taxonomy of Conversational Agents in Education Completed Research Paper, in 
Proceedings of the 42nd International Conference on Information Systems, Austin, Texas, USA. 

Wellnhammer, N., Dolata, M., Steigler, S., and Schwabe, G. 2020. Studying with the Help of Digital Tutors: 
Design Aspects of Conversational Agents That Influence the Learning Process, in Proceedings of the 
53rd Hawaii International Conference on System Sciences, pp.146-155. 

Winkler, R., Söllner, M., Neuweiler, M. L., Conti Rossini, F., and Leimeister, J. M. 2019. “Alexa, Can You 
Help Us Solve This Problem? - How Conversations with Smart Personal Assistant Tutors Increase Task 
Group Outcomes,” in Extended Abstracts of the 2019 CHI Conference on Human Factors in 
Computing Systems, Glasgow Scotland Uk: ACM, May 2, pp. 1–6.  

Wollny, S., Schneider, J., Di Mitri, D., Weidlich, J., Rittberger, M., and Drachsler, H. 2021. “Are We There 
Yet? - A Systematic Literature Review on Chatbots in Education,” Frontiers in Artificial Intelligence 
(4:21), pp. 1-18. 

Xiao, J., Stasko, J., and Catrambone, R. 2007. “The Role of Choice and Customization on Users’ Interaction 
with Embodied Conversational Agents: Effects on Perception and Performance,” in Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems, CHI ’07, New York, NY, USA: 
Association for Computing Machinery, pp. 1293–1302.  

Zhang, X., Miyaki, T., and Rekimoto, J. 2020. “WithYou: Automated Adaptive Speech Tutoring with 
Context-Dependent Speech Recognition,” in Proceedings of the 2020 CHI Conference on Human 
Factors in Computing Systems, CHI ’20, New York, NY, USA: Association for Computing Machinery, 
pp. 1–12. 

Zierau, N., Engel, C., Söllner, M., and Leimeister, J. M. 2020. “Trust in Smart Personal Assistants: A 
Systematic Literature Review and Development of a Research Agenda,” in Proceedings of the 15th 
International Conference on Wirtschaftsinformatik, Potsdam, Germany, pp. 99–114.  

 

View publication stats

https://www.researchgate.net/publication/361228223

	A Literature Review on Pedagogical Conversational Agent Adaptation
	Abstract
	Keywords: Literature Review, Pedagogical Conversational Agent, Learning, Adaptation, Adaptivity, Adaptability.

	Introduction
	Research Background
	The Evolution of PCA Adaptation
	The Concepts of Adaptation, Adaptivity, and Adaptability for PCAs
	Key Variables for Learning Adaptation

	Methodology
	Results
	Discussion
	Theoretical Potential vs. Current status of PCA Adaptation in Literature
	Limitations
	Future Research

	Conclusion
	Acknowledgments
	REFERENCES

