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Abstract: 
Conversational agents (CAs) are getting smarter thanks to advances in artificial intelligence, which opens the 
potential to use them in educational contexts to support (working) students. In addition, CAs are turning toward 
relationship-oriented virtual companions (e.g., Replika). Synthesizing these trends, we derive the virtual 
learning companion (VLC), which aims to support working students in their time management and motivation. 
In addition, we propose design knowledge, which was developed as part of a design science research project. 
We derive nine design principles, 28 meta-requirements, and 33 categories of design features based on 
interviews with students and experts, the results of an interdisciplinary workshop, and a user test. We aim to 
demonstrate how to design VLCs to unfold their potential for individual student support. 

Keywords: Conversational Agent, Education, Virtual Learning Companion, Design Knowledge 

I. INTRODUCTION 
In a fast-paced and increasingly digital work environment, lifelong learning is becoming crucial for 
professional success (Finster & Robra-Bissantz, 2020). Technological progress and the trend 
toward digital learning are creating new opportunities for professional development. However, it is 
esp. challenging for working students/learners in professional development to continuously 
motivate themselves and adequately manage their time as they face the double burden of work 
and study (Rodriguez, Piccoli, & Bartosiak, 2019; Wang, Jing, Camacho, Joyner, & Goel, 2020). 
Virtual learning companions (VLCs) represent an innovative solution approach to accompany 
students individually in their learning process (Grivokostopoulou, Kovas, & Perikos, 2020; 
Khosrawi-Rad, Schlimbach, & Robra-Bissantz, 2022; Schlimbach, Khosrawi-Rad, & Robra-
Bissantz, 2022). VLCs are digital and humanoid learning facilitators that establish a friendly 
relationship with their users (Khosrawi-Rad, Schlimbach, et al., 2022). Although VLCs have gained 
attention in research, for instance, since they foster learners' motivation (e.g., Grivokostopoulou et 
al., 2020; Khosrawi-Rad, Rinn, et al., 2022) as well as their time management (e.g., Rodriguez et 
al., 2019), there is a lack of prescriptive VLC design knowledge (Khosrawi-Rad, Rinn, et al., 2022; 
Strohmann, Siemon, Khosrawi-Rad, & Robra-Bissantz, 2022). This paper addresses this research 
gap by deriving meta-requirements (MRs), design principles (DPs), and design features (DFs) for 
VLCs. Thereby, we aim to answer the following research question (RQ): How to design VLCs to 
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motivate working students to learn and support them regarding effective time management? For 
this purpose, we conduct user interviews, a user test, a literature review, and expert interviews.  

II. RESEARCH BACKGROUND 
From Pedagogical Conversational Agents to Virtual Learning Companions  
VLCs have their origins in so-called pedagogical conversational agents (CAs), which communicate 
with their users either text-based (as chatbots) or voice-based (like Siri) (Hobert & Meyer von Wolff, 
2019; Winkler & Roos, 2019). They offer the advantage of being easily scalable, location-
independent, and permanently available to provide individualized support to learners  (Hobert & 
Meyer von Wolff, 2019). Pedagogical CAs in turn go back to intelligent tutoring systems which were 
the first approaches to supporting dialogue-based learning by conveying learning content via a 
virtual tutor (Atkinson, 1968; Kulik & Fletcher, 2016; Suppes & Morningstar, 1969). In contrast to 
this limitation to the pure tutor role, however, the application scope of pedagogical CAs is now 
broader (Khosrawi-Rad, Rinn, et al., 2022; Weber, Wambsganss, Rüttimann, & Söllner, 2021; 
Wollny et al., 2021). In addition to imparting learning content, pedagogical CAs can serve to support 
in time management (Gubareva & Lopes, 2020), provide emotional support to learners in a 
mentoring role to facilitate learning (Ranjbartabar & Richards, 2018; Wambsganss, Söllner, & 
Leimeister, 2020), or stimulate motivation using game elements (Benner, Schöbel, Süess, Baechle, 
& Janson, 2022). According to current literature reviews, the pedagogical CA research field has 
been gaining a lot of attention in recent years thanks to increasing technological progress (e.g., 
intelligent natural language processing) (Hobert & Meyer von Wolff, 2019; Khosrawi-Rad, Rinn, et 
al., 2022; Wollny et al., 2021). A striking example is the pedagogical CA “Jill Watson”, which 
understands 97% of users' concerns, promotes social networking between students, and acts 
human-like to be perceived as a natural interaction partner (Wang et al., 2020). At the same time, 
a trend is emerging for CAs to become virtual companions that act with a long-term orientation 
(Nißen et al., 2021; Siemon et al., 2022; Skjuve, Følstad, Fostervold, & Brandtzaeg, 2021; 
Strohmann et al., 2022). Sometimes, as in the case of the CA “Replika”, they even establish a 
friendship-like relationship with their users (Siemon et al., 2022; Skjuve et al., 2021; Strohmann et 
al., 2022). The symbiosis of these trends leads to the VLC which supports its learners individually, 
acts helpfully, and pursues the goal of building a trust-based relationship with them 
(Grivokostopoulou et al., 2020; Khosrawi-Rad, Schlimbach, et al., 2022; Schlimbach, Khosrawi-
Rad, et al., 2022).  

The existing pedagogical CA literature does not yet sufficiently consider the VLC approach; for 
instance, Khosrawi-Rad et al. (2022) identified in their literature review that out of 252 recent 
publications, only five refer to the term “learning companion” and two to the term “virtual 
companion(ship)”. Furthermore, there is a lack of design knowledge for pedagogical CAs, since the 
authors identified only twelve publications using a DSR approach with six of them proposing DPs 
(e.g., Elshan & Ebel, 2020; Rodriguez et al., 2019), none of which focused on the VLC approach, 
which is consistent with the findings of further literature reviews (Hobert & Meyer von Wolff, 2019; 
Schlimbach, Rinn, Markgraf, & Robra-Bissantz, 2022). 

Kernel Theories for the Design of Virtual Learning Companions  
We incorporate scientifically validated kernel theories from various fields (research on human-
computer interaction, education, and motivation) when designing VLCs to ensure rigor (Gregor & 
Hevner, 2013). First, we draw on the computers are social actors (CASA) theory, which states that 
humans exhibit human-like behavior toward computers by applying social norms to them (Moon, 
2000; Nass, Steuer, & Tauber, 1994). CASA theory has been widely spread to explain human-like 
CA design (e.g., Elshan & Ebel, 2020; Feine, Gnewuch, Morana, & Maedche, 2019; Seymour, 
Riemer, & Kay, 2018). For instance, incorporating social cues into CAs (human-like elements such 
as emojis or jokes) leads to encouraging users' social behaviors and results in positive perception 
(Demeure, Niewiadomski, & Pelachaud, 2011; Feine et al., 2019). In addition, a human-like avatar 
may enable the experience of social presence, so that according to the persona effect, learning 
success is promoted  (Lester et al., 1997). Prior research already used CASA theory to explain that 



B. Khosrawi-Rad, R. Schlimbach, T. Strohmann & S. Robra-Bissantz Designing Virtual Learning Companions 

Proceedings of the AIS SIGED 2022 Conference 
 

3 

considering theories of interpersonal relationships matters for CA design (Krämer, Eimler, Pütten, 
& Payr, 2011; Strohmann et al., 2022). For instance, this paper takes up that establishing a common 
ground (Clark, 1992) leads to a positive CA perception (Elshan & Ebel, 2020; Strohmann et al., 
2022). Furthermore, according to the theory of interpersonal trust (Rotter, 1980), CAs should 
promote the building of trust by users’ to be accepted in the long run (Schlimbach, Khosrawi-Rad, 
et al., 2022; Strohmann et al., 2022; Wambsganss, Höch, Zierau, & Söllner, 2021). To maintain 
motivation to learn, we rely on Csikszentmihalyi's (1975) flow theory which states that complete 
absorption in an activity leads to learners’ engagement. In addition, learners' needs for 
competence, autonomy, and relatedness should be fulfilled according to self-determination theory 
to ensure motivation (Ryan & Deci, 2000). Facilitating interactions with the VLC through 
collaborative dialogue as well as other learners also helps enhance learning along with the 
interactive, constructive, active, and passive (ICAP) framework (Chi & Wylie, 2014; Winkler & Roos, 
2019). According to the theory of multimedia learning (Mayer & Moreno, 2003), multi-media 
learning content is crucial to cause improved learning effects; however, cognitive overload must be 
avoided as well (ibid.). 

III. METHODOLOGY 

Design Science Research 
For the derivation of design knowledge, we follow the DSR paradigm as an established approach 
to design new and innovative artifacts while ensuring practical relevance and scientific rigor 
(Hevner, March, Park, & Ram, 2004). In DSR, the process model of Kuechler & Vaishnavi (2008) 
is an established framework that we apply by conducting several iterative steps during artifact 
development. 

The first design cycle covers a co-creation approach, that actively involves students from the target 
group in the VLC design (Abras, Maloney-Krichmar, & Preece, 2004). In the context of a 4-month 
course, different teams of Master's students majoring in technology-oriented management 
collected the learners’ requirements and received close scientific guidance from us to ensure rigor, 
while still having the freedom to set their own priorities (Khosrawi-Rad, Schlimbach, et al., 2022). 
We chose this approach to facilitate participatory design (Bødker & Kyng, 2018) as well as to reduce 
researcher bias in artifact derivation. Thus, two independent teams of four students each conducted 
interviews with working students (team1 & team2) to elicit the needs and desires of potential users 
for the VLC before creating user stories (USs) and deriving MRs to then synthesize DPs thereupon. 
Another group (team3) conducted a systematic literature review to explore the status quo in needs, 
requirements, and design knowledge for pedagogical CAs in general as supportive literature to 
derive the final design knowledge (Möller, Guggenberger, & Otto, 2020). Team1 & team2 visualized 
their results in a mapping diagram of USs, MRs, and DPs (ibid.). Furthermore, they framed DPs 
according to the scheme recommended by Gregor et al. (2020, p. 1633) consisting of the 
components implementer, aim, user, context, mechanisms, and enactors. Subsequently, both 
teams elaborated an independent instantiation using the prototyping tools “Figma” or “Botsociety”, 
respectively. To evaluate the design knowledge, team1 conducted a user test for the instantiation 
(ex post evaluation), whereas team2’s theoretical design knowledge was discussed in a workshop 
(ex ante evaluation) (Venable et al. 2016). 

Since the individual group results were similar in content, we combined the design knowledge in 
the second design cycle. To compensate for a possible research bias, the respective mapping 
diagrams were synthesized independently by three researchers of the author team. In particular, 
we adjusted the wording, summarized the content, and formulated DFs following Möller et al. 
(2020). We then evaluated the results again with five experts. Finally, we derived a final set of 28 
MRs, nine DPs, and 33 categories of DFs.  

Figure 1 illustrates the DSR procedure by mapping both DSR cycles into the framework of Kuechler 
& Vaishnavi (2008). The procedure of the individual studies is explained in more detail below. 
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Figure 1: DSR Procedure according to Kuechler & Vaishnavi (2008) 

 

 

Procedure of the Individual Studies 
Literature Review: We included five databases from the fields of information systems, computer 
science, business, and education. The search term consisted of CA synonyms (e.g., “chatbot”), 
combined with synonyms for requirements (e.g., “study requirement”), prescriptive 
recommendations (e.g., “design principle”), or features (e.g., “design feature”) (Figure 3). Initially, 
we identified 424 hits from AIS eLibrary (54), ACM Digital Library (6), Scopus (350), IEEE Xplore 
(8), and ERIC (6). We systematically filtered them following the PRISMA statement (removing 
duplicates, title and abstract screening) (Moher, Liberati, Tetzlaff, & Altman, 2010). We excluded 
studies that either did not contribute design knowledge or were not related to education. Finally, 
we selected 48 publications for full-text analysis, which we clustered along with the virtual 
companion canvas (Strohmann & Robra-Bissantz, 2020). We used the findings as well as the 
kernel theories (Section II) as supporting literature to strengthen the design knowledge. Figure 2 
illustrates the literature review procedure.  

 
Figure 2: Literature Review Procedure 

 
Interviews for Needs Assessment: A total of 14 semi-structured interviews were conducted with 
working students (six by team1, eight by team2). The interview guides possessed a focus on 
existing student challenges with time management & motivation (problem space) and elicitation of 
desires and DFs for VLCs (solution space) (vom Brocke, Winter, Hevner, & Maedche, 2020). We 
fully transcribed and coded all interviews using “MAXQDA”. Team1 used inductive coding 
according to Mayring (2015) so that the codes emerged while reviewing the data. The coding 
scheme was divided into the main areas “students' initial situation” and “design of the VLC” and 
twelve subsequent categories. In total, team1 assigned 499 codings, and we then formulated USs 
based on these results. The USs were combined with literature findings to form MRs, which in turn 



B. Khosrawi-Rad, R. Schlimbach, T. Strohmann & S. Robra-Bissantz Designing Virtual Learning Companions 

Proceedings of the AIS SIGED 2022 Conference 
 

5 

led to DPs. Team 2 used deductive coding (Mayring, 2015) based on a pre-established coding 
guide, which follows the structure of the interview guide. Thereby, 28 codes and 287 codings were 
assigned. We first categorized the results, and then also formulated overarching MRs and DPs.  

Evaluation Studies: To evaluate the results of team1, we conducted an online study in which the 
prototype designed based on the design knowledge was evaluated along with the recommendation 
of Venable et al. (2016) in terms of DP fulfillment. In addition, we elicited the quality and utility of 
the artifact (Hevner et al., 2004) using the “system usability scale” (Brooke, 1996). Our study 
involved 40 potential future users (learners) who watched a video demonstrating the prototype. We 
discussed the results of team2 in a workshop in which, in addition to the authors of this paper, nine 
other participants (lecturers/researchers, students, and developers) attended and evaluated the 
results from their respective roles in small groups. To evaluate the final results after synthesis in 
design cycle 2, we interviewed five experts (a focus group with three developers, a master’s student 
with experience in designing learning applications, and a DSR & CA researcher). They assessed 
the design knowledge in terms of purpose achievement (time management and motivational 
support) as well as technological implementation by commenting on our findings while providing 
suggestions for adaptation. The procedure served to finally assess the artifact in terms of feasibility, 
desirability, and viability (Dolata & Schwabe, 2016). We initially presented the design knowledge to 
the experts which they later commented on using the Miro whiteboard. We recorded, transcribed, 
and analyzed the interviews. Although the experts did not introduce any additional DPs, they 
expressed supplemental MRs and DFs. 

Figure 3 illustrates the procedure of the conducted interview studies (DC = Design Cycle; I = 
Interviewee). 

 
Figure 3: Procedure of Interview Studies 

 

IV. RESULTS 
In the following, we present the results of the individual studies in a condensed form. For 
transparency, the results of the individual design cycles (initially formulated USs, mapping diagrams 
including all derived DF categories, and instantiated prototypes) are presented in detail in the 
digital appendix: https://bit.ly/3z6xzI5  

Design Cycle 1: Initial Design Knowledge 
Design Cycle 1.1: Based on 40 USs as well as 39 MRs, we formulated 13 resulting DPs with the 
following foci: Human-likeness, friendship & relationship, VLC behavior (proactive & reactive, 
motivating, self-acting, as well as persistent presence), customization & adaptivity, transparency & 
privacy, functionality (scheduling, task planning, skill building, learning support), and user interface 
(UI) & usability. To illustrate these, we instantiated a human-like VLC named “Charlie” using the 
design tool “Virtual Companion Canvas” by Strohmann & Robra-Bissantz (2020). Charlie provides 
multiple options for accompanying the learner via dialogue (e.g., reminders for appointments, 

https://bit.ly/3z6xzI5
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motivation for learning progress as well as tips for studying). In addition, it is integrated into an app 
that provides further functions (e.g., to-do lists, and a view of the calendar). The results of the 
evaluation (fulfillment of the DPs and system usability scale) are summarized in Figure 4. Overall, 
the prototype was evaluated mostly positively, with potential for improvement in some categories 
(human likeness, friendship & relationship), which might arise from the fact that the respondents 
did not interact with a mature product. In addition, respondents suggested additional features (e.g., 
gamification and push notifications). 

 
Figure 4: Evaluation Results of Charlie 

 

Design Cycle 1.2: Based on 30 USs and 30 MRs, we derived 10 DPs. The first five are based on 
the DPs of Strohmann (2021) that were established for virtual companions, so we transferred them 
to the learning context: Emotional dialogue and human-likeness, customization for personal needs 
& language, proactivity, (personal) data protection & accessibility, and relatedness. In addition, we 
derived five DPs explicitly applicable to the learning context, which relate to knowledge & motivation 
(provision of learning content, motivational environment) and functional properties (task planning 
support, effective time management, compatibility & feasibility). Team2 created a prototype called 
“Social Intelligent Learning Companion” (SILC), which embodies a VLC providing learning 
recommendations and relevant learning content while encouraging networking with peers. Rather 
than the prototype itself, we evaluated the underlying design knowledge from SILC. The 
participants of the workshop validated the findings, although individual aspects were controversially 
discussed (e.g., to what extent providing time management tools is contrary to the idea of the VLC 
as a coequal partner (Strohmann et al., 2022)).  

Design Cycle 2: Final Design Knowledge 
In the following, we elaborate on the final set of design knowledge. Since for each DP, the 
implementers (CA developers), users (learners), and the context (interaction between VLC and 
working students) are identical, we do not repeat it in Figures 5-13 for clarity. In addition, all finally 
derived corresponding DF categories are available in the digital appendix: https://bit.ly/3z6xzI5.  

First, we identified a human-like design of the VLC as crucial to promoting learners' trust (Feine et 
al., 2019; Seymour et al., 2018). Such social cues, along with the CASA Theory (Moon, 2000; Nass 
et al., 1994), promote social behavior among users as well as that they grant more credibility to the 
VLC (Demeure et al., 2011; Feine et al., 2019), i.e., by a human-like avatar evolving dynamically 
over time (e.g., by aging). In addition to appearance, communication and behavior reflect humanoid 
design, e.g., by the VLC conveying humor through telling jokes, addressing the learners' interests, 
or empathizing with emojis (Wambsganss et al., 2020). However, since users may perceive a too 
high degree of human-likeness negatively and it may lead to a decline in acceptance (also known 
as the “uncanny valley”) (Mori, 2012), the degree of human-likeness should be chosen consciously 
and the VLC should not be designed to be over-human-like (Strohmann et al., 2022). Consequently, 

https://bit.ly/3z6xzI5
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we recommend the VLC’s design to be somehow human-like regarding its appearance, behavior, 
and actions by avoiding the uncanny valley (MR1). Since a VLC is an intelligent dialogue system, 
this includes its human-like communication, either through linguistic elements (using words, 
sentences) or non-verbal aspects (hand gestures, facial expressions) (Seeger, Pfeiffer, & Heinzl, 
2021; Strohmann et al., 2022) (MR2). In addition, the VLC should possess social skills and exude 
sympathy to establish a personal bond (MR3), e.g., by taking into account emotional intelligence 
as well as the user's mood, similar to Replika (Skjuve et al., 2021). Thus, we propose DP1 of 
Human-likeness and Dialogue Management (Figure 5). 

 
Figure 5: DP1 of Human-likeness and Dialogue Management 

 

The interviews revealed the high individuality of learners' needs and habits, as they have different 
learning preferences, and apply a plethora of learning techniques and strategies (Dağ & Geçer, 
2009; Dunlosky, Rawson, Marsh, Nathan, & Willingham, 2013). Moreover, virtual companionship 
is strongly perceived differently (Dautenhahn, 2004; Krämer et al., 2011; Strohmann et al., 2022). 
Therefore, we conclude the necessity for individualization, either through adaptability (MR4) by the 
user or through the VLC’s adaptivity to the user's needs (Schlimbach, Rinn, et al., 2022). 
Adaptability includes the active selection of the VLC’s role, i.e., whether the latter should act more 
as a tutor to deliver learning content or as a coequal partner or buddy. In terms of adaptivity, the 
VLC might adapt to the user's personality (Ahmad, Siemon, Gnewuch, & Robra-Bissantz, 2022), 
e.g., along the “Big Five” model (McCrae & John, 1992), and also take into account the learner's 
habits and behaviors (e.g., in the form of preferred times for learning reminders) (MR5). In addition, 
adaptivity to the characteristics of the learner should also take place (Plass & Pawar, 2020; 
Schlimbach, Rinn, et al., 2022) (MR6), e.g., by matching recommendations to the person's learning 
progress and ability level, or by taking into account individual learning styles and preferences (Dağ 
& Geçer, 2009; Plass & Pawar, 2020). Moreover, context-awareness is desirable (Fischer, 2012) 
(MR7), e.g., in that the communication style adapts to the situation (Iwase, Gushima, & Nakajima, 
2021) as well as to the learner's mood (Diederich, Brendel, & Kolbe, 2019). To do so, the VLC 
might be both, friendly as well as admonishing in case of upcoming deadlines and promote the 
emergence of common ground during the interaction (Clark, 1992; Krämer et al., 2011; Strohmann 
et al., 2022). Furthermore, to address students' individual challenges (ranging from addressed 
difficulties in time management and motivation to comprehension gaps), it is relevant that the VLC 
addresses personal concerns (MR8), potentially enabled by advances of AI in natural language 
processing (Khosrawi-Rad, Rinn, et al., 2022). Thus, we propose DP2 of Adaptation (Figure 6). 
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Figure 6: DP2 of Adaptation 

 

To enable the benefits of a long-term virtual companionship, the VLC should exhibit both, proactive 
and reactive communication (Winkler & Roos, 2019). While many of CAs are characterized by 
purely reactive behavior (Seymour et al., 2018), virtual companions act proactively by initiating 
conversations and actively offering support to the user (Strohmann, Siemon, & Robra-Bissantz, 
2019). Transferred to the educational context, the VLC should proactively and autonomously 
support learners for improved guidance in the learning process (Elshan & Ebel, 2020) (MR9), e.g., 
by independently contributing study tips or reminding them of upcoming deadlines and 
appointments (Rodriguez et al., 2019). Furthermore, surveyed students mentioned social media as 
a great distraction causing concentration problems for learning. Therefore, they desire features for 
the targeted avoidance of distractions while studying, e.g., by having the VLC block social media 
or play background music to facilitate concentration during timed learning sessions. Nevertheless, 
to support learners’ upcoming individual concerns and inquiries, reactive behavior is also required 
(Winkler & Roos, 2019) (MR10). Thus, we propose DP3 of Proactive and Reactive Behavior (Figure 
7).  

 
Figure 7: DP3 of Proactive and Reactive Behavior 

 

The VLC in its role as a virtual companion should be permanently present and accessible (MR11) 
since interviewees emphasized the relevance of scalability and accessibility as a helpful and 
socially present interaction partner, which is also addressed in the literature (Elshan & Ebel, 2020; 
Hobert & Meyer von Wolff, 2019). Closely related is their expectation of having the VLC not only 
provide personalized support but also continuous and regular guidance (MR12), since continuity 
positively affects learning progress (Dunlosky et al., 2013). Moreover, building a personal 
relationship with a CA/VLC requires long-term use as a prerequisite for trust building and reliability 
(Nißen et al., 2021; Savin-Baden, Tombs, & Bhakta, 2015; Strohmann et al., 2022) (MR13). As a 
side effect, recurrent use allows for the collection of new interaction and learner data, thus 
increasing the quality of support provided by the VLC (Janssen, Grützner, & Breitner, 2021). Similar 
to Replika, this can be enabled, e.g., by empathetic communication and the accompanying 
emotional and mental support (Elshan & Ebel, 2020; Savin-Baden et al., 2015; Schlimbach, 
Khosrawi-Rad, et al., 2022). Thus, the VLC should promote the establishment as well as 
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maintenance of a friendly relationship as well as a sense of belonging (MR14), e.g., by establishing 
common ground or by setting common goals (e.g., a team motto) to create a shared mental model 
between the VLC and its human partner (Elshan & Ebel, 2020; Strohmann & Robra-Bissantz, 
2020). Thus, we propose DP4 of Relationship Building (Figure 8). 

 
Figure 8: DP4 of Relationship Building 

 

To enable learning effects in long-term use, the interviewed students and experts emphasized that 
content facilitating learning (e.g., recommended learning techniques or subject-related resources) 
needs to be integrated into the VLC continuously (MR15). Thus, a solid knowledge base is 
necessary, so that learners perceive the VLC not only as a friend but also as a competent learning 
facilitator. Since several interviewees found it difficult to apply the learning content to their jobs, its 
practical relevance is crucial (MR16). At the functional level, this involves conveying content as well 
as answering specific questions via dialogue to reap the benefits of interactive learning according 
to the ICAP framework (Chi & Wylie, 2014). In addition, the VLC could also link to external content 
such as tutorials or integrate challenges (e.g., exercises) to allow learners to apply the content 
practically and prepare for the exam (Dunlosky et al., 2013).  The surveyed students perceived the 
organization of learning materials as challenging, esp. due to the lack of time alongside their jobs. 
Thus, they expressed the desire to be supported in compiling learning materials, e.g., by providing 
references to relevant literature or opportunities to share learning materials. Thus, we propose DP5 
regarding the Provision of Supportive Content (Figure 9). 

 
Figure 9: DP5 regarding the Provision of Supportive Content 

 

Furthermore, according to self-determination theory, the development of users' own study skills 
leads to higher self-confidence in terms of their competence and staying motivated (Lechler, 
Stöckli, Rietsche, & Uebernickel, 2019; Ryan & Deci, 2000) as well as perceiving that they are 
responsible for their own learning success (Schlimbach, Khosrawi-Rad, et al., 2022). Since the 
students interviewed primarily reported difficulties with time management and motivation, we 
conclude the relevance to have them acquire competencies in successful learning (“how to learn”) 
(MR17). This could be realized, e.g., by feeding learning advice into the VLC that fits the specific 
learning challenges of its users or to encourage them to self-directed learning to overcome 
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challenges on their own (experience self-efficacy) (Wollny et al., 2021) (MR18). To promote self-
efficacy, the VLC could, e.g., encourage self-reflection through targeted questions and take on a 
mentoring role (Khosrawi-Rad, Rinn, et al., 2022; Wollny et al., 2021). Thus, we propose DP6 
regarding the Fostering of Learning Competencies (Figure 10). 

 
Figure 10: DP6 regarding the Fostering of Learning Competencies 

 

To ensure the long-term benefits of the VLC as well as to promote learner engagement, persuasive 
features (game elements and digital nudging) should be embedded (MR19) (Benner, Schöbel, & 
Janson, 2021; Benner et al., 2022).  These design elements promote fun in learning (Benner et al., 
2022), encourage the emergence of flow effects (Csikszentmihalyi, 1975), and promote the 
perception of competence (Lechler et al., 2019; Ryan & Deci, 2000). E.g., a quiz could be integrated 
into the dialogue, or positive learning experiences could be rewarded with points (Benner et al., 
2022). In addition, providing feedback to learners (MR20) contributes to rewarding learners for 
positive performance and thus also fosters flow effects (Csikszentmihalyi, 1975; Lechler et al., 
2019; Ryan & Deci, 2000) as well as making learning progress visible (Wambsganss et al., 2020). 
Encouraging and friendly communication should accompany gamification (Strohmann et al., 2022; 
Wollny et al., 2021), e.g., by the VLC congratulating the learner on progress. For a motivating 
learning environment, respondents also value features for social networking (MR21), which could 
be implemented, e.g., by recommending learning groups (similar to Jill Watson) (Wang et al., 2020). 
This is relevant because many respondents considered the (corona-related) lack of contact with 
fellow students as a key challenge, while interactive learning along the ICAP framework favors 
strong learning outcomes (Chi & Wylie, 2014). Thus, we propose DP7 of Motivational Environment 
(Figure 11). 

 
Figure 11: DP7 of Motivational Environment 

 

Furthermore, the consideration of ethical accountability in VLC design is crucial (Schlimbach, 
Khosrawi-Rad, et al., 2022). For learners to trust the VLC, transparency is relevant (MR22) so that 
users understand how their data is stored and processed and how the VLC arrives at its decisions 
(Strohmann et al., 2022; Wambsganss et al., 2021). To ensure fairness, the VLC should treat 
learners equally and avoid discriminatory bias (Schlimbach, Khosrawi-Rad, et al., 2022; 
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Wambsganss et al., 2021) (MR23). Thus, the VLC should not give preferential treatment to 
individual learners, and “algorithmic bias” (the propagation of discriminatory practices by an AI 
algorithm) needs to be reduced, e.g., by using technical barriers to prevent the inclusion of vulgar 
expressions (Casas-Roma & Conesa, 2021; Schlimbach, Khosrawi-Rad, et al., 2022; 
Wambsganss et al., 2021). In this context, an ethical code of the VLC is key (MR24), i.e., following 
ethical guidelines for the use of AI in general (European Commission, 2021; OECD, 2019) and 
VLCs in particular (Schlimbach, Khosrawi-Rad, et al., 2022) during its design. For instance, this 
should include allowing learners to freely customize the avatar (gender, ethnicity) as well as 
fostering inclusion (e.g., voice control as a feature) (ibid.). Thus, we propose DP8 of Ethical 
Responsibility (Figure 12). 

 
Figure 12: DP8 of Ethical Responsibility 

 

To fulfill the aforementioned DPs and satisfy users, the feature scope and ease of use of the VLC 
are essential. On a functional level, task planning (MR25), as well as time management (MR26) to 
address challenges of organizing daily study life (Rodriguez et al., 2019), are major requirements, 
i.e., the provision of suitable suggested dates for learning (considering the individual schedule), 
assistance in generating personalized learning plans, or setting reminders of breaks in learning. In 
terms of enabling effective time management, users aim for to-do lists in the application, wish to 
receive an overview of upcoming deadlines, and reminders of tasks to be completed via push 
notifications. Considering technological feasibility and integration into existing workflows, the VLC 
must be compatible with other tools enabling the integration of different media sources (MR27). 
Thus, linking internal as well as external interfaces is important, e.g., by connecting to Google 
Calendar for scheduling support or by enabling the VLC to send external links to YouTube videos 
or literature from the university’s online database. To ensure usability, a sleek UI that balances the 
application's functionality, and clarity prevents cognitive load (Mayer & Moreno, 2003; Paas, Renkl, 
& Sweller, 2003). Consequently, simple, intuitive, fast, and low error-prone use is relevant. In this 
context, the customizability of the UI leads to satisfying the users' need for autonomy (Lechler et 
al., 2019; Ryan & Deci, 2000). This may involve configurable settings, such as selectable 
communication styles or notifications to be turned on or off (Schlimbach & Khosrawi-Rad, 2022). 
Finally, in the spirit of participatory design, users should be actively involved in the design from 
early on (MR28) through co-creation processes, including integrated evaluations with the target 
group (Abras et al., 2004). Thus, we propose DP9 of Purpose-oriented Functionality and Usability 
(Figure 13).  
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Figure 13: DP9 of Purpose-oriented Functionality and Usability 

 

V. DISCUSSION 
The participants of the evaluation studies discussed individual aspects of design knowledge 
controversially along with the DSR cycles. E.g., the focus group consisting of I15-I17 questioned 
the relevance of the human-like nature of the VLC, e.g., because users might be distracted from 
the actual goal of learning. The research community also discussed the human-likeness of CAs 
controversially in recent years (e.g., Clark et al., 2019; Feine et al., 2019; Seeger et al., 2021; 
Siemon et al., 2022). Thus, designers should use human-like elements judiciously to avoid negative 
perceptions such as the “uncanny valley” or a looming lack of trust if the design is too human-like 
(Mori, 2012; Strohmann et al., 2022). These findings are consistent with the results of further 
studies, according to which users perceive virtual companionship very differently (Dautenhahn, 
2004; Krämer et al., 2011; Strohmann et al., 2022). While some users are excited about the 
advances of AI, others perceive it as irrelevant or even threatening (Clark et al., 2019; Strohmann 
et al., 2022). To mitigate this effect, we would like to highlight DP2 (adaptation): During the 
interviews and review of the literature, it became clear that a “one-size-fits-all solution” for VLCs 
cannot exist (Benner et al., 2022). We recommend considering adaptation to implement an ethically 
acceptable product and to support as many learners as possible,  e.g., the human resemblance or 
further design aspects (avatar, voice, gender) should be selectable according to the learners' 
preferences (Schlimbach & Khosrawi-Rad, 2022)  and the VLC should adapt to the learners' 
personality (Ahmad et al., 2022). During the workshop, we also discussed the role of the VLC, as 
pedagogical CAs can take on different roles such as tutors, motivators, or organizers (Khosrawi-
Rad, Rinn, et al., 2022). In that context, the organizer functions desired by many students 
(personalized appointment suggestions, timers, to-do lists) were questioned as to whether the VLC 
in this role serves more as a “coach” (superior to the learners) rather than a peer. Since the range 
of possible design functions as well as VLC roles show that collaboration between humans and 
VLC can occur in versatile ways, adaptability is crucial again. In addition, it should be possible to 
deactivate functions, e.g., if a learner does not want personalized appointment suggestions based 
on the fed-in data.  

Moreover, the interviewees discussed the technological implementation. Regarding the integration 
of the VLC into existing infrastructures, I15-17 propose to embed the VLC into a learning 
management system to collect learner data as well as to provide targeted suggestions (e.g., for 
specific learning content). The idea of integrating the VLC into a smartphone app was also 
reiterated, e.g., to view appointments, with I19 emphasizing the relevance of maximizing the 
flexibility of VLC use in terms of time, place, and device (e.g., via both, messenger, and an app). 
While all DPs are technologically feasible in their own right, for individual DFs, the participants 
partially questioned the feasibility according to the current state of the art. For instance, I19 noted 
that the implementation of emotional intelligence (e.g., sentiment analysis) might be prone to errors. 
Since the categories of DFs currently offer a lot of design freedom for implementing a VLC, the 
designer team ultimately needs to decide which DFs fit best in each application context. Although 
that is challenging, CA design is constantly evolving, which also makes it easier to create CAs, e.g., 
using building platforms like “Google Dialogflow” (Diederich et al., 2019). To this end, our underlying 
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DPs are meant to act as a theoretical foundation for designing innovative learning support artifacts 
(Gregor et al., 2020; Hevner et al., 2004). 

VI. CONCLUSION 
Significance to Research and Practice  
We contribute to a better understanding of how VLCs should be designed to promote learners’ 
motivation and time management with the nine DPs that we derived as a result of a method 
triangulation. The DPs emerged as part of a DSR project and are subdivided into a total of 28 MRs, 
which aim to support developers and designers at an abstract level in the design of VLCs. The 33 
associated DF categories as well as the instantiations that have emerged, also exemplify how VLCs 
should be designed along with design knowledge (Möller et al., 2020). The rise in publications on 
pedagogical CAs, as well as advances in AI, illustrate that the educational context may be 
increasingly shaped by technology-enhanced learning opportunities in the upcoming years (Hobert 
& Meyer von Wolff, 2019; Khosrawi-Rad, Rinn, et al., 2022; Wollny et al., 2021). This article strives 
to better understand this changing collaboration between humans and intelligent machines in the 
educational context by providing prescriptive design recommendations for VLCs. 

Limitations  
We admit some limitations: First, the evaluation of existing design knowledge has so far relied 
primarily on expert views and the results of an online study, rather than listing results from real 
interactions with a VLC. Second, the subjective influence of respondents, as well as researchers 
in deriving design aspects, cannot be ruled out. We have taken steps to mitigate these limitations: 
The design knowledge was established both by consulting the users (user-centered design) and 
the existing knowledge base, and to reduce bias, it was derived and refined in several iterations by 
researchers working independently of each other.  

Outlook 
Currently, we are working on the transfer of the design knowledge into a functional VLC. For this 
purpose, we are currently developing a VLC with the building platform “Google Dialogflow”, which 
is a common tool for deploying CAs (Diederich et al., 2019). The platform allows connecting to 
external tools like Google Calendar or services for adaptation (e.g., sentiment analysis), as well as 
integrating scripts and databases for storing and processing learner data. In addition, we are 
incorporating the VLC into an application using the “Flutter” development tool, since many of the 
DFs (e.g., timers, to-do lists, customization functions) can be illustrated better in this way than 
through pure dialogue, and we can ensure platform-independent development. In the sense of 
MR28 (participatory design), the next steps are the further development by involving the target 
group again and the iterative testing of individual DFs in a more mature prototype. Therefore, we 
plan to test the instantiated VLCs concerning the individual constructs mentioned in the “aims” part 
of each DP against a baseline artifact that does not satisfy the DPs. 
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