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 i 

Design Your Robot to Listen Attentively: 

A Novel Backchanneling Authoring Interface for Non-Experts 

Abstract 

We present a novel interface for non-experts (e.g., learners, educators, out-of-field researchers) 

to author custom human-robot dialogs that include backchanneling—utterances or gestures 

made while listening. We engaged 36 participants in three sets of workshops, starting from 

elicitation workshops to investigate how participants perceive, describe, and structure their 

understanding of robot backchanneling (i.e., their mental models), to inform the design of novel 

interface prototypes. We conducted paper prototype sessions with participants completing 

representative tasks to iterate on our design. Finally, we built a high-fidelity prototype (using 

Blockly and a small robot) and conducted evaluation workshops to assess if the design was 

successful in being approachable by non-experts: it was a resounding success as all participants 

were able to quickly and easily engage with our interface and dialog authoring tasks to create a 

rich variety of nuanced, custom behaviors, demonstrating that the mental models guiding our 

prototype effectively supported user understanding and rich content creation.
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1 Introduction 

Human-computer interaction (HCI) has a long and rich history of developing end-user creation 

tools to enable end users to easily author content and be creative with computing technologies. 

These tools can empower new demographics of users, to participate in design and creation with 

computing systems, such as those with minimal experience who may have otherwise been 

excluded due to technical complexities. In this way, end-user creation tools are critical in 

empowering end users of technologies to exercise agency and control in how technologies are 

deployed and used, including customizing systems to function according to their needs and 

preferences. In this work, we expand on this thread of end-user creation tools by exploring a 

novel factor in end-user design of human-robot interactions (backchanneling during dialog) and 

making the authoring of these behaviors approachable to users without robotics experience. 

End-user creation tools often aim to simplify authoring of systems and behaviors by providing 

simplified abstractions that are approachable for end users to design and manipulate. For 

instance, the Teddy interface allowed users to design 3-dimensional models of stuffed animals 

by drawing a 2-dimensional representation of the desired output, which the system converted 

into 3D models [49]. Such creation interfaces allow the user a simplified means of interacting 

with complex tasks and concepts (such as authoring digital 3D models), enable creative 

expression in authored outputs, and can even support rapid prototyping and iteration [38]. 

Further, end-user creation tools can support users in personalizing custom systems that meet 

their needs and preferences, for instance, the GlucoMaker toolkit for users to design their own 

personalized glucose monitoring devices, which are worn on the body [53]. Evidently, these 

creation interfaces need not be constrained to digital inputs and outputs; examples include 
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toolkits for authoring physical hardware interfaces [39] and for creating personalized glucose 

monitoring devices [53]. In this work, we investigate digital interfaces for end-user design of 

rich robot dialog behaviors with a focus on backchanneling. 

Software tools that enable people to author and customize personalized robot behaviors without 

programming (e.g., drag and drop interfaces) have become prevalent in research [20, 23, 26, 42, 

99] and commercial packages.1 These easy-to-learn and use interfaces conceal technical 

complexities and enable non-experts, including out-of-field researchers, hobbyists, and STEM 

students to engage in the creative process of robot behavior design [20, 39, 88, 102]. Even for in-

field experts (i.e., roboticists), such tools can enable rapid prototyping, supporting exploration 

and creativity [38]. We present a novel interface design and prototype that enables authors to 

create and enrich human-robot dialog by customizing the robot’s use of brief reactions (e.g., 

saying “uh-huh”, nodding, etc., i.e., backchanneling  [76]) to convey attentiveness and encourage 

interaction. 

Common tools for authoring rudimentary human-robot dialog focus almost exclusively on text, 

requiring authors to provide written text to define both robot utterances and keywords or 

phrases to listen for, as with Misty Studio (Misty robot), VStone Magic (Sota robot), 

Choreographe (Softbank Nao), EV3 Classroom (LEGO Mindstorms), Sphero Edu (BOLT), among 

many others, and the focus on text is a theme with robot dialog systems more broadly [10]. 

However, natural dialog between people is much richer than what is captured in text alone, and 

is often enriched with other behaviors such as backchanneling [76]. Despite this, many 

commercial robots’ software packages do not engage with backchanneling, and no tool to date 

 
1 Such commercial products include: VStone Sota (2015); Misty Robotics Misty II (2019); SoftBank Nao v5 (2014). 
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enables non-expert creation or modification of backchanneling in dialogs they create. In this 

work, we present the first end-user tool for designing and customizing the backchanneling 

behavior of a social robot. 

1.1 Backchanneling 

Backchanneling is the use of a supplementary channel of communication during dialog, where 

an interlocutor communicates with another using gestures or short utterances that aim to avoid 

interrupting speech [76]. For example, listeners indicate attentiveness and encourage interaction 

using utterances (e.g., “hmm”, “sure”) and gestures (e.g., nodding, facial expressions). 

Backchanneling serves many important functions in dialog, including to convey attention, 

feedback, interest or boredom, coordinate turn-taking and rhythm, and build rapport [58, 85, 90, 

92]. Further, backchanneling behavior varies greatly by individual and context [15, 27, 103], 

highlighting the need for flexibility and variability in how robots incorporate backchanneling 

into their dialog behaviors, and potential for highly specific customizability and personalization 

of robot backchanneling. 

Given the importance of backchanneling for dialog, researchers have investigated the effects of 

robot backchanneling on human-robot interactions. User perceptions of a robot, such as its 

perceived personality [14], change based on differences in backchanneling behavior [28, 54]: 

appropriate use of backchanneling can keep children more engaged in storytelling [76], increase 

participation of out-group team members [95], encourage students and improve learning 

performance [78], or encourage sustained interaction in complex tasks such as music co-creation 

[67]. The range of these interaction effects underline the need for robots to have a range of 

backchanneling styles and techniques tailored to intended use cases, created by intentioned 



Thesis Advisor  Author 
James E. Young  Samuel R. M. Barrett 

 
 

 4 

designers, rather than simply relying on automated generation methods (e.g., [3, 54]) that may 

not be aware of the context, personality, or interaction design intent. Our novel tool for 

authoring custom robot backchanneling expands on these common behavior authoring tool 

designs to enable fine-tuned control of robot backchanneling behavior for dialog creators. 

1.2 Research Questions 

To guide our aim to support non-expert end users to author custom robot backchanneling 

behaviors, we addressed the following research questions: 

1. How readily and comfortably do non-experts engage with backchanneling conceptually? 

a. Which elements of backchanneling can non-expert potential users readily articulate and 

demonstrate a clear understanding of? 

b. Which elements of backchanneling present some difficulty for non-expert users to engage 

with? 

2. How might non-experts describe backchanneling elements of robot dialog? 

a. What vocabulary, metaphors, or comparisons do they use? 

b. How do they tend to specify elements of backchanneling when tasked with describing a 

hypothetical instance of human-robot dialog? 

c. How granular do they tend to describe robot backchanneling? E.g., on a per-strategy basis 

or an overall robot personality? 

3. How do we incorporate non-expert user mental models of robot backchanneling (as elicited 

in RQ1,2) into the design of a novel interface for authoring robot backchanneling behavior? 

a. What layout and interaction design can satisfy our requirement of enabling non-

experts to author their desired behaviors? 
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b. How do users engage with a prototype interface and its features to author 

backchanneling behaviors? 

c. What challenges arise while using the interface to author behaviors? 

1.3 Methodology 

To address our research questions described above, we designed and employed a three-phased 

participatory approach (Figure 2) to understand how non-experts may engage with robot 

backchanneling, how we can present backchanneling creation controls in an intuitive manner, 

and how our interface design supports non-experts to author robot backchanneling. To start 

designing such a tool, in our first phase we sought to understand potential users’ perspectives 

and ideas about backchanneling robots, what they may want from a backchanneling robot, and 

how they describe robot backchanneling behaviors (RQ1,2). Following, in phase two, we needed 

to ensure that our interface design, based on our findings from the first phase, was effective in 

enabling users to author robot backchanneling (RQ2,3). In the third and final phase, we sought 

to evaluate how our resulting interface design supported user engagement and authoring of 

custom robot backchanneling behavior, the range of creative designs made possible, and the 

limitations of our interface design and approach (RQ3). In the remainder of this section, we 

expand on our methodology for each of the three phases. 

1. elicitation: investigate user mental 
models of robot backchanneling to inform 

interface design

2. iteration: formative paper 
prototype sessions to improve 

interface design

3. prototype evaluation: evaluate 
participant expectations, reasoning, 

and content creation

Figure 1: Our multi-phase user-centered design method employing three sets of workshops in 
order: elicitation—to understand mental models and inform design, iteration—to prototype and 
iterate to improve our design, and prototype evaluation—to assess whether the interaction and 
prototype design aligned with participants’ expectations and reasoning, enabling free and rich 
authoring of robot backchanneling behaviors. 
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In our first phase, we addressed RQ1 and RQ2 by asking potential users about backchanneling 

and robots that backchannel, to build an understanding of their mental models. To do this, we 

conducted design workshops with groups of non-expert participants who were interested in 

designing social robot behaviors to understand how people conceptualize backchanneling and 

how they may approach designing backchanneling for robots. We asked participants to complete 

individual and group activities related to backchanneling, including watching video 

demonstrations to spark ideas, brainstorming potential robot behaviors, sharing their 

perceptions and ideas about backchanneling robots, and designing robot dialog with 

backchanneling on paper. Our findings from this phase informed our prototype design, iteration, 

and evaluation in subsequent phases.  

For our second phase, we aimed to address RQ2c and RQ3a by creating a prototype interface for 

authoring robot backchanneling, guided by our findings from the first phase, and performing 

iterative user testing to validate and refine our interface design. First, informed by our findings 

from the design workshops, we designed initial interfaces for authoring robot backchanneling 

in dialog. We then conducted iterative formative evaluations of paper prototypes of these 

interfaces in a small user study with participants. As our goal was to refine our interface design 

and identify and correct potential design issues leading to user challenges, we updated our 

interface between each session of the study. Once satisfied that our interface prototype 

represented a reasonable, effective approach to enabling users to design backchanneling 

behaviors, we developed a software version of our final interface design before our evaluation in 

the third and final phase.  
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Our final phase addressed RQ3—we investigated how our prototype interface design supports 

non-expert end users to author robot backchanneling, the range of their creations, and uncover 

limitations with our interface and our design approach from the first two phases. To achieve this, 

we conducted a prototype evaluation workshop where we invited participants from previous 

phases to interact with our interface on a computer to program a robot’s dialog behavior, with 

an emphasis on backchanneling. This participatory approach allowed us to reflect on how well 

our resulting interface design mapped to the mental models we investigated in the first phase, 

and how this alignment supported non-experts in creative authoring of robot behaviors. We 

asked users to complete structured (guided) and unstructured (open-ended creative) tasks to 

explore the interface and create novel robot backchanneling behavior designs. 

Through three workshop phases (Figure 2) with a total of 36 participants (see Table 1 for a 

breakdown of participant involvement across each study), our work provides insight into how 

people conceptualize robot backchanneling, illustrates how these mental models can inform 

interface design, and presents a novel interface design and prototype that enables non-experts 

to author rich and nuanced backchanneling behaviors. This work demonstrates the feasibility of 

empowering non-expert users to author subtle elements of robot dialog and motivates future 

directions for research on the design of accessible robot dialog authoring tools. In the following 

section (1.4), we briefly highlight our results, with more detail in subsequent chapters pertaining 

to each of the three phases (chapter 3, 4, and 5). 

1.4 Contributions  

The contributions of this work are summarized as follows. 
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1. We demonstrate how our approach to interface design—informed by our investigation of 

non-expert mental models—enabled non-expert users to design custom robot 

backchanneling behaviors for dialog.  

2. We demonstrate how non-experts, potential users of robots, are readily able and willing 

to engage robot backchanneling, discuss its implications for human-robot interaction, 

and design their own customized robot backchanneling behaviors.  

3. Our work informs future robot behavior authoring tools to support user agency and 

control through the creation and customization of rich and nuanced dialog behaviors. 

1.5 Overview 

In the remainder of this thesis, we 

discuss related work on social 

robots, end-user behavior 

authoring tools, and 

backchanneling (Chapter 2). We 

then detail each of the three phases 

of our work including methodology and results, starting with the elicitation study (Figure 2) 

which resulted in understanding how readily non-experts engage with and understand concepts 

surrounding robot backchanneling, and what conceptualizations they used to represent this 

(Chapter 3). We present our formative paper prototype sessions where participants completed 

representative tasks to inform our design iteration, resulting in a final interface layout and 

conceptual design for including backchanneling in a robot dialog authoring interface (Chapter 

4). Finally, we implemented a high-fidelity prototype and conducted interactive prototype 

Figure 2: Elicitation workshop space including paper 
design activities (mock session shown). 
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evaluation workshops (Figure 3) to examine whether participants understood and could 

meaningfully engage with the backchanneling system (Chapter 5); the results emphasize the 

success of our interface design in enabling non-expert users to author and modify a broad range 

of robot backchanneling behaviors. Finally, we conclude by discussing how this work advances 

end-user customization and control over social robot behaviors and its implications on future 

human-robot interaction research and tools, our recommendations to researchers and designers 

of social robot authoring tools, as well as limitations of our approach and opportunities for future 

work. 

Figure 3: Our design workshop space utilized by participants to create backchanneling 
robots, including our interface and a VStone Sota robot. 
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2 Related Work and Background 

In this chapter, we describe principles, concepts, and threads of work that informed our approach 

to designing an end-user authoring tool for robot backchanneling. These related works guide our 

research questions as follows; first, we note the importance of understanding user mental models 

for effective interface design and ask how users may engage backchanneling conceptually (RQ1) 

and how they may describe its features and elements (RQ2). Second, given the prevalence of end-

user authoring tools and the importance of backchanneling for dialog, how might end users 

approach authoring custom backchanneling for a robot? (RQ3). 

This chapter proceeds by first outlining the fundamental human–computer interaction (HCI) 

concepts we followed in our work. Next, we investigate the landscape of end-user creation in 

HCI, including techniques for involving and enabling end users, and examples of specific tools. 

We then narrow our focus to end-user authoring of robot behaviors, and further on authoring 

robot dialog. We conclude this chapter with an overview of backchanneling, including 

knowledge from human–human interaction, how backchanneling is currently employed in 

robots and knowledge within the human–robot interaction (HRI) field on how backchanneling 

impacts HRI. 

2.1 User–Centered Design 

User-centered design is one of the key tenets of human–computer interaction which considers 

the user paramount in the design of systems, and is often employed toward designing usable, 

effective systems that consider user needs and potential challenges [93]. Done properly, user-

centered design can alleviate barriers to interaction; for example, gulfs of execution, where the 
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user struggles to engage the system, or gulfs of evaluation where the user struggles to interpret 

the resulting action taken by a system [74]. This can be especially critical in systems where the 

user describes or manipulates complex technical operations, for instance, robot dialog with 

backchanneling, thus user-centered design underpins our work, informing our methodology to 

understand user perspectives and involve users throughout the design process. 

2.1.1 User Models 

Through observation and interaction with a system, the user constructs an internal 

representation of the system’s function, behavior, or state—a user model—as a framework to 

understand the system and interact with it successfully [30, 51]. Often called mental models, 

these models are an important aspect of user-centered design, and understanding the user’s 

model can facilitate the design of effective, understandable systems that promote successful 

interactions [29]. As such, human-computer interaction researchers seek to understand how a 

user’s mental model is formed, how it may evolve as the user interacts with a system, and how 

a system can leverage an understanding of the mental model in its design to facilitate its use. In 

this work, we uncover user mental models of robot backchanneling—specifically, the 

perspectives of non-expert users interested in designing robot behaviors—which informed our 

interface design for a prototype robot backchanneling authoring tool. 

A key challenge of designing for non-experts is the question of how to represent the complex 

technical and behavioral concepts in ways that are meaningful to people and easy for them to 

understand and use, despite not having specialized robotics or linguistics background. For 

example, interfaces that align with people’s existing mental models are more “intuitive” and easy 

to use [32, 38, 39, 75], and thus human-computer interaction commonly investigates end-user 
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mental models to understand potential user challenges [7, 21, 68] and to inform interface design 

[16, 30, 51, 75]. This includes leveraging end-user mental models for authoring interfaces, such 

as for computer programming, e.g., for school teachers [2, 41, 42]. Similarly, human-robot 

interaction research continues to explore using end-user mental models to promote successful 

human-robot interactions [57, 79, 82, 83, 96], and to inform robot behavior authoring tools [1, 

48, 65]. Developing an understanding of non-expert mental models of robot backchanneling will 

be critical to designing these authoring interfaces; unfortunately, there is currently little or no 

knowledge of non-expert mental models of robot backchanneling. Thus, our work is grounded 

in eliciting non-expert authors’ mental models—how they talk about and conceptualize robot 

backchanneling—and using this understanding to inform and guide our interface design and 

evaluation. 

2.1.2 Participatory Design 

Participatory design—a design philosophy where a system’s eventual users are actively involved 

in its design—is a popular approach of user-centered design in HCI, encompassing a broad range 

of approaches and methodologies [33, 89]. Participatory design as a methodological philosophy 

seeks to involve users or affected parties throughout the design process, often from the earliest 

possible stages, with the goal to create systems that account for user needs and preferences by 

explicitly and directly involving the user. In this way, participatory design combines the systems 

and interaction expertise of the designer with the lived experience expertise of the target user, 

with the goal that “more relevant and meaningful technology can be created by giving people 

who are affected by it some role in its design” [33]. We adopt a participatory approach aligning 
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with our goal to enable non-experts to engage in creating complex, nuanced dialog behaviors for 

social robots. 

Within the HRI community, participatory design research explores varying degrees of user 

involvement, for instance, involving children in discussion of ethical concerns about robots [70]. 

Mott et al. investigated how participatory design methods—specifically a workshop with design 

activities—could empower children to actively engage in co-design of social robots [70]. In the 

workshops, children participated in group discussions and a design activity to create prototype 

human–robot dialog. Our work adopts a similar methodology to involve users through elicitation 

(discussion) and hands-on design with paper and subsequently with a software prototype. 

Björling et al. employed a “human–centered and participatory approach” to investigating teens’ 

perceptions of social robots and how robots could be designed to support their emotional needs 

[12, 13]. In this case, the teens’ participation involved not designing a robot nor its behavior but 

rather soliciting their thoughts and ideas from interactions with robots to assess the effectiveness 

of an early prototype. This contrast in approaches highlights the broad range in user involvement 

across participatory design methodologies. In our participatory approach, we involve users 

heavily—from the earliest, pre-interface stage—in expressing their perceptions and ideas about 

backchanneling robots and engaging creatively to customize their own robots, including 

discussions, prototypes on paper and designing robot behaviors with a software prototype. 

Meanwhile, our interface design was informed by our findings from early user participation, but 

our participants did not directly participate in interface design decisions. 

In the broad landscape of participatory approaches, some work has called for accountability in 

how participatory design research is carried out and reported [33]. Frauenberger et al. argue that, 
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given the “messy”, “highly contextualised” processes and range of implementations, researchers 

must critically and transparently reflect on the nature of their participatory design approach, to 

advance the field and promote rigorous participatory practices, rejecting a positivist lens [33]. 

They propose a tool for reflection through four lenses: epistemology, values, stakeholders 

(interested parties), and outcomes. One particularly-relevant lens for our work is that of 

interested parties and the nature of their participation—we did not engage our participants 

directly in decision-making for interface design, or even whether we should enable end-user 

design of robot backchanneling, rather, we grounded our design in their perceptions and natural 

tendencies elicited during the participatory process. This aspect of our work was not 

participatory—our participatory approach instead involved gathering user perceptions, design 

tendencies and feedback, and building a system based on how users engaged the concepts. 

2.2 End-user Creation in Human–Computer Interaction 

Our work follows a theme in human–computer interaction (HCI) of designing tools to enable 

end users to participate in the development or modification of systems, or, end-user development 

[60]. Among the many benefits of end-user development, our work emphasizes the importance 

of tailoring systems to meet a user’s needs and preferences through customization [63], and some 

argue that “its most important and far-reaching impact will be to transform cultures by 

empowering all people to become active contributors in personally meaningful activities” [31]. 

Research continues to investigate techniques to enable end-user participation in designing or 

modifying systems by alleviating challenges and barriers [63]. For instance, programming-by-

demonstration, where the user models system behavior by providing examples (e.g., 

programming robot movements by moving one’s own body [34]). Another popular method for 
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enabling end user participation is visual programming, where programming concepts are 

simplified into manipulatable objects (e.g., Google Blockly2), enabling the user to focus on 

learning and applying core concepts without barriers such as code syntax, compilation, obtuse 

error messages and heavyweight development software [102].   In this section and the following, 

we outline examples of end-user tools for creative authoring. 

An active area of research in HCI is enabling end users to author content and be creative with 

computing technologies. End-user creation in HCI research includes a rich history of developing 

novel interfaces and toolkits, for instance, for authoring 3-dimensional models from 2D sketches 

[49], a physical widget-based toolkit for designing physical interfaces [39], or a tool for rapidly 

prototyping puppet movement style and personality [104]. The application space is quite broad 

and remains an active area of exploration with cutting-edge computing technologies, such as 

enabling users to design video games by engaging with AI chat bots [6], or to create complex 

non-player character behaviors by painting storyboard-like scenes [80]. There has been 

particular interest in visual programming, for example, drag-and-drop interfaces that enable 

people to write computer code by arranging virtual “blocks” [88, 102], or providing graphical 

interfaces to increase user control over systems such as large language models (LLMs) whose 

outputs can be difficult to wrangle to achieve the desired outcome [35, 66]. Research efforts 

extend beyond digital artifacts and into physical, personal systems, such as custom, user–

designed wearable glucose monitoring devices [53]. This body of work highlights the continued 

interest in—and importance of—abstracting complex technological systems into tools accessible 

to non-expert users. 

 
2 Google Blockly: https://developers.google.com/blockly. 
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2.2.1 GlucoMaker: Designing Your Own Glucose Monitor 

In a recent example, Lakhdhir et al. developed GlucoMaker, a toolkit for people with diabetes to 

collaboratively (with professionals) design their own custom glucose monitoring device [53]. The 

GlucoMaker toolkit supports end-user participation in designing a highly personal, body-worn 

device (a glucose monitor), a technology that may otherwise pose barriers for many end users 

to design themselves. Our iterative methodology reflects that of Lakhdhir et al.’s, both in the 

preliminary focus group study to understand desired features and preferences, including 

physical crafting activities for early prototyping, and in a subsequent study inviting users to 

digitally customize a model for a glucose monitor in consultation with experts (Figure 4) [53]. 

By empowering end users of glucose monitors to participate in the design process for their own 

custom device, GlucoMaker supported end users with varying ability to creatively author a 

highly personal, tailored device according to their preferences, a thread which we continue in 

the present work. In our work, we enable customization and tailoring of robot backchanneling 

behaviors with the goal to promote successful human–robot interaction that meet users’ 

expectations, needs and preferences. 

2.3 End-user Authoring for Human–Robot Interaction 

In human–robot interaction, end-user authoring tools provide users with agency via 

customization and tailoring of robot behaviors. For instance, enabling home users to specify 

cleaning robot routines by sketching its actions on video feeds of their home environment [8, 

86], or enabling people with mild cognitive impairment to participate in designing their own 

robot companion [20]. These authoring tools provide simple ways for a user to exercise control 

over complex behaviors, such as sketching robot movements [86], or the style of how a robot 
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moves and follows the user, which can be easily authored via demonstration by physically 

moving the robot [105]. One educational robot enabled children to tailor its affective behaviors 

with a block programming interface [36], while another system enabled the user to select 

personas for the robot’s speech [106]. Our work continues this ongoing thread by investigating 

how non-expert end-users can participate in designing custom robot dialog and backchanneling, 

using a novel interface design.  

Figure 4: GlucoMaker enables users to design their own custom glucose monitoring device 
using a digital interface, which is then brought to life and worn by the user (taken from [53]). 
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End-user creation in HRI focuses on supporting the user to author behaviors using  “intuitive, 

natural and enjoyable” techniques such as by using speech to program robots [37, 48] or 

authoring proxemic interaction using their bodies in a spatial environment [65]. This is 

commonly achieved by translating technical robotics concepts (e.g., spatial sensor data [65]) into 

languages that users can understand and directly manipulate to describe or “program” a desired 

behavior. For instance, sketching [86], voice input [37], kinesthetic demonstration [20], use of 

spatial environments [65] and others, including one interface that used image manipulation on 

a timeline [64], while another leveraged tangible tabletop puppetry [77]. These tangible, physical 

approaches can have limitations, however, as it can be difficult to describe complex actions that 

occur over time, or to exercise control to fine-tune patterns of dynamic behavior, for instance 

listening behaviors in rich dialog. In this work, we take design inspiration from popular graphical 

user interface techniques for authoring robot behaviors, including block programming. 

2.3.1 Block Programming Interfaces for Robots 

On-computer interfaces such as block-based programming interfaces are used extensively by 

hobbyists and in education to teach programming [45, 88, 101, 102, 108], and have become an 

industry standard for non-expert programming. Block-based programming interfaces are 

prevalent in software for dozens of commercially-available robots [25] and in research (e.g., [5, 

20, 35, 36, 81, 87, 99, 100, 106]), as they enable a high degree of manipulation and programming-

like control over complex robotic systems in an approachable interface paradigm that is easy to 

learn and use for non-experts, including students, hobbyists, designers and out-of-field 
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researchers. This approach enables inexperienced users to quickly get started programming 

robots in a simplified, linear fashion and rapidly create working systems without requiring 

extensive education or programming expertise. 

PODER: Ease of Use for Design Participation 

Cruz-Sandoval et al. leveraged block programming in their tool for enabling increased 

participation from people with mild cognitive impairment in HRI research [20]. The PODER 

framework supports users to prototype behaviors using a mix of analog techniques, including 

think-aloud, kinesthetic demonstration on a robot, and block programming on paper, and 

digitally using block programming to define behaviors. PODER is intended for pair programming 

alongside a researcher to enable flexible, dynamic sharing of tasks based on individual needs and 

capability (Figure 5). This approach enabled individuals with mild cognitive impairment to 

increase their confidence and knowledge with respect to technology, to imagine how robots 

could be helpful to them in new ways and to feel included in the design of these systems [20]. 

While a block programming interface is only one aspect of the tool that contributed to these 

Figure 5: The PODER framework leverages block programming in the conceptual and 
implementation stages (tangibly and digitally) to support non-expert end users in ideating and 
creating robot behaviors (from [20]). 
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outcomes, we follow this popular interface choice for HRI toolkits to leverage the proven 

learnability and approachability that enables users without technical expertise to engage with 

what may otherwise be prohibitively complex or abstract concepts [20]. Given our goal to 

augment robot behavior authoring tools with a novel interface enabling non-expert users to 

create backchanneling, we adopt a block-based approach for our interface design. 

2.3.2 Authoring Robot Dialog 

A contemporary approach to  providing rich robot dialog is to use large language models or 

other generative models, including for generating speech [91, 98] and backchanneling [54, 55, 

71]. However, there is still a gap in addressing the key limitation of enabling end users to fine-

tune the LLM to achieve the desired result. Researchers are developing tools to combat this lack 

of user control over LLM outputs, for example, structuring LLM prompts with Blockly [35, 62], 

but this is just one paradigm for behavior design—current state-of-the art authoring tools 

(commercial and in research) are still highly structured and provide handcrafted, high-control 

approaches. Regardless of the underlying implementation of dialog (LLMs or not), there is not 

yet a way for non-expert end users to create highly personalized, custom backchanneling for a 

robot. 

Current dialog authoring tools often enable user construction of robot speech via text-based 

input [23, 26, 99], with some tools offering additional customizations, such as selectable robot 

personas that affect speech [106] or specifying expressive speech using emojis [97]. However, 

such interfaces typically focus on speech—both content and expressivity—and do not support 

user customization of backchanneling. We found one system for authoring multi-party AI 

chatbot interactions that supported enabling or disabling generated backchanneling for each 
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interlocutor, but the system was geared toward professional designers [47]. No system that we 

found provides end-user control over robot backchanneling. Our work builds on these dialog 

tools by exploring how to support end-user authoring of backchanneling. 

2.3.2.1 EmojiVoice: Expressing Robot Speech with Simple Heuristics 

For authoring intricate, dynamic social behaviors in robots, using simplified representations of 

behavioral patterns may be a powerful tool to enable participation by non-experts and rapid 

prototyping for advanced users. Tuttösí et al. developed EmojiVoice for authoring expressive 

robot speech for human–robot interaction using emoticons [97]. This text-to-speech toolkit 

targeted to interaction designers and roboticists enables authoring customizable speech by 

prompting the system with emoticons alongside text. EmojiVoice enabled users to create highly 

varied, contextually appropriate expressivity in robot text-to-speech output, and improved user 

perceptions of the robot [97]. In our work, we take some inspiration from this design pattern, in 

tandem with findings from our elicitation of user perceptions of robot backchanneling, to provide 

personality options as a means of customizing robot backchanneling in human–robot dialog. 

2.3.3 Granularity of Control 

Many interfaces provide a range of granularity levels in their authoring controls, using various 

approaches. For instance, block programming approaches can offer fine-grained authoring with 

a high degree of control [106], while others focus more on offering coarse-grained authoring 

[17]. In the same vein, some create mixed-initiative systems [46] where the system assists with 

fine details [37, 47]. Zhang et al. investigated the trade-off between user control and perceived 

robot agency through coarse- and fine-grained authoring interfaces (Figure 6), finding that users 

preferred granularity in moderation [106]. Their interfaces included a standard block 
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programming interface as a high-granularity means of authoring, and a low-granularity 

interface featuring sliders for basic parameters (e.g., movement speed, talking speed), along with 

a “vocal persona” option, selected by choosing one of the available persona avatars to illustrate 

the persona the robot will adopt (Figure 6). Personas include, for example, “surfer dude”, 

“business woman”, and “robot”, and are also provided in the high-granularity block interface as 

a dropdown in an overarching encompassing other behaviors [106]. We follow Zhang et al. [106] 

and Tuttösí et al. [97] in our work to expose nuanced backchanneling using personality and 

emotion as an abstraction.  

Figure 6: Zhang et al.'s end-user programming interfaces featured two levels of granularity for 
behavior authoring: a high-granularity block programming interface (not shown), and a low-
granularity interface featuring simple slider controls for basic parameters, and a set of available 
"personas" to choose from (from [106]). 
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In our work, we explore granularity of control for designing robot behaviors all throughout our 

design process, including at the elicitation stage and in our final interface design. In particular, 

our work aims to provide varied granularity to make customizing robot backchanneling 

approachable for non-experts, while providing fine-grained authoring controls for users who 

want fine-grained control over their creations. We follow this thread of exposing simplified 

controls for complex robotic behaviors by augmenting interface designs for robot dialog 

authoring with simple controls to support user authoring of robot backchanneling behavior. 

2.4 Backchanneling 

In human dialog, interlocutors often perform additional communication alongside primary 

speech—backchanneling—where an interlocutor who does not currently hold the speaking floor 

communicates with other interlocutors—often while the current speaker is speaking—using 

gestures or short utterances that aim to avoid interrupting speech on the primary channel [76]. 

For example, listeners indicate attentiveness and encourage interaction using utterances (e.g., 

“hmm”, “sure”) and gestures (e.g., nodding, facial expressions). Backchanneling serves many 

important functions in dialog, including to convey attention, feedback, interest or boredom, 

coordinate turn-taking and rhythm, and build rapport [58, 85, 90, 92]. Further, backchanneling 

behavior varies greatly by individual and context [15, 27, 103], highlighting the need for 

flexibility and variability in how robots incorporate backchanneling into their dialog behaviors, 

and potential for highly specific customizability and personalization of robot backchanneling. 

This section details the state-of-the-art in backchanneling robots and tools for authoring robot 

backchannel behavior. 
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2.4.1 Backchanneling Robots 

In HRI, researchers are enhancing social robot dialog capabilities for a variety of interaction 

benefits. Most implementations are focused on interaction effects, and thus consist of bespoke, 

researcher-designed backchanneling—without end-user involvement—which is used to study 

how robot backchanneling impacts a particular kind of interaction. For instance, Park et al. found 

that making a robot’s backchanneling contingent upon children’s nonverbal cues led to children 

preferring it over a non-contingent backchanneling robot [76]. Other work has focused on using 

robot backchanneling to encourage participation in group tasks from individuals who may not 

otherwise be as vocal. Sebo et al. found that supportive robot backchanneling toward outgroup 

members who felt excluded increased their verbal participation [95]. Likewise, Cumbal et al. 

observed a similar effect in group tasks with language learners and native speakers—when a 

robot performed backchanneling adaptively, meaning it backchanneled more often when the 

least active speaker was speaking, these individuals increased their verbal participation 

significantly [22]. In all these works, the focus was on either developing accurate backchanneling 

models or how such models may impact human–robot interactions, and thus no details were 

provided on how these systems could be easily tweaked or how end users could be involved in 

system design. Our contribution is a novel angle for backchanneling in HRI: including 

backchanneling as a component of end-user creation for robot behaviors. 

Outside of robot implementations, end-user customizable backchanneling is rare. In one work, 

Hu et al. [47] developed a toolkit for designing human–AI group conversations with a simple 

backchanneling feature—select the source and target AI interlocutor, and specify an emotional 

tone—but it was not possible to customize other aspects of backchanneling, such as the frequency 

of backchannels and the presence and nature of individual behaviors such as nodding, gaze, and 
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verbal utterances. We found no tool in the literature or in the commercial sector that enables end 

users to specify or customize robot backchanneling behavior. In this work, we address this gap 

and present a novel tool for end-user design of robot backchanneling. 

2.5 Chapter Summary 

In this chapter, we illustrated a recurring theme of HCI research on end user participation and 

empowerment in designing and shaping technologies, including robots and other systems. 

Enabling participation from a broader range of users, rather than just in-field experts, can 

empower non-experts to customize and tailor system attributes and behavior to their needs and 

preferences. Many end-user focused authoring tools enable people to program robot behaviors, 

but we did not find any that supported user design of robot backchanneling. Given that 

backchanneling is widely investigated, implemented, and impactful for social robots, this gap is 

a key design element of social robot behavior that remains largely inaccessible for non-experts. 

Our work draws from the landscape of end-user creation technologies and foundational human–

computer interaction principles of user-centered design and participatory design to investigate 

how we can enable non-expert end users to create custom robot backchanneling. In the 

remainder of this dissertation, we blend these themes together throughout our methodology in 

our approach to investigating how we can make authoring robot backchanneling accessible by 

non-experts.
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3 Elicitation Study: Understanding Non-Expert Mental Models 

We set out to gain insight into how non-experts might conceptualize backchanneling, which 

elements they may understand, which may be challenging to understand, and how they engage 

with ideas about robot backchanneling (RQ1). Further, we sought to investigate how non-expert 

potential users of robots may describe and create backchanneling for a robot, including what 

language, metaphors and abstractions they use (RQ2). Once equipped with this knowledge, we 

could possess an understanding of user mental models to inform our next step of designing an 

interface for a robot backchanneling authoring tool targeted for use by non-expert users. First, 

to elicit this knowledge, we needed to ask potential users of robots about these topics and observe 

how they engage these concepts, including the creative task of designing robot backchanneling. 

Therefore, we concocted an elicitation study to learn about user mental models about robot 

backchanneling. 

Our elicitation study comprised workshops with groups of participants where we asked them to 

complete a set of individual and group-based activities related to robot backchanneling, which 

allowed us to gain insight into their mental models. Through these activities, we explored non-

experts’ mental models relating to robot backchanneling, including how readily and comfortably 

non-experts engage with concepts of robot backchanneling, which elements they can readily 

articulate and which they may struggle to understand or apply. We aimed to investigate what 

roles non-experts perceive backchanneling can play in dialog, and how they may naturally 

describe elements of backchanneling including what vocabulary, metaphors, or comparisons 

they may use. We further investigated how granular people tend to be, e.g., specific behaviors 

versus abstract personality traits. 
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3.1 Tasks and Procedures 

We conducted two-hour workshops 

(Figure 7) with groups of participants at 

a boardroom in our institution or at a 

satellite location (based on availability), 

recruited using posters placed around 

our city and campus that targeted people “who are interested in designing robots, even if you 

don’t have any technical skills” (recruitment poster and email communication in appendices A.1 

and A.2). Following standard focus group methods for session size [24, 52] we targeted 6-10 

participants per session. We opened each workshop with refreshments, an informed consent 

procedure (Appendix A.3), and administered a demographic questionnaire (Appendix A.4) which 

included an open-ended question on prior experience with robots. We compensated each 

participant with $35 CAD at the beginning of the session. We formed groups of 3 or 4 participants 

and began with a short ice-breaker activity. Following we administered a series of design tasks 

informed by participatory design and mental model elicitation methods as described below [21, 

40, 59, 89, 109] (Appendix A.5). This research was approved by our institution’s research ethics 

board. 

Unprimed Perceptions of Backchanneling—First, we conducted an unprimed task to explore non-

experts’ perceptions of backchanneling without having it explained to them. We produced and 

showed two short videos of conversations, one naturally between two people (which included 

backchanneling), and another between a person and a robot which represented typical human-

robot interaction, i.e., the robot did not backchannel. We showed the videos back-to-back and 

Figure 7: Design workshop space showing a mock 
session in progress (we did not have permission for 
photos of participants). 
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asked participants to play “spot the difference”, brainstorming individually on paper and then in 

small groups. Following, we invited groups to share their ideas, culminating in a list of behaviors 

and features of the interactions in the videos, and researcher notes on ensuing discussion, all of 

which can be analyzed to understand non-experts’ language for describing backchanneling and 

their perceptions of the roles backchanneling played in dialog. 

Primed Backchanneling Brainstorm—Next, we elicited participants’ ideas for potential robot 

backchanneling behaviors and their engagement with potential reasons for using 

backchanneling in dialog. We started this task with a short lecture (5 minutes) to formally 

introduce backchanneling as feedback behaviors that people use in conversation, including 

examples of behaviors and their functions in human conversations (e.g., acknowledge people, 

encourage them to speak, listen attentively). We then asked participants to complete a standard 

card sort task [11, 21, 59, 107, 109] where they brainstormed potential robot backchanneling 

behaviors on index cards (we gave an example, the utterance “hmm”) and sorted cards into 

themes representing potential purposes of backchanneling, providing categories based on 

backchanneling literature: paying attention [56], understanding [44], agreement and 

disagreement [50, 61], engagement [78], taking turns [18, 73], clarification [76] and building 

rapport [67]. For flexibility, we followed a hybrid cart sort methodology allowing participants to 

create their own themes [19]. This resulted in a comprehensive list of participant-identified 

backchanneling behaviors, their categorization of these elements into purposes, and the 

language used to articulate the concepts. 

Authoring Robot Dialog and Backchanneling—To explore how non-experts may approach 

authoring robot dialog with backchanneling, we asked participants to complete a design task to 
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individually author robot dialog on paper and subsequently author backchanneling for the 

dialog. We first asked participants to create conversations between a person and a robot (20 

minutes), and then later asked them to consider how their robot might backchannel, how they 

might indicate this backchanneling for their creations, and to author backchanneling as they saw 

fit (20 minutes). We provided worksheets (details below), arts and crafts stationery (e.g., colored 

markers, sticky notes, scissors and glue) and an optional sample scenario to help people get 

started. 

To assist participants in creative authoring, we designed two worksheets on which to describe 

human-robot dialog and general characteristics of their robot and its behaviors (Figure 8). The 

first sheet, left, contains dialog bubbles representing a conversation between a person and a 

robot, on which speech by the two interlocutors can be authored, with spare space to indicate 

other aspects of dialog. The second worksheet (Figure 8, right) was included to support 

brainstorming general robot characteristics before or during prototyping dialog, giving 

participants a workspace to engage these ideas. This “character sheet” is mostly blank to avoid 

steering design, with only light prompts at the top of the page, such as “how does your robot 

act?”. We provided blank copies of each worksheet, along with partially filled samples, shown in 

Figure 8, for the case where participants struggle to start from scratch or simply prefer to work 

from an existing baseline robot. This task resulted in artifacts of participant-authored robot 

dialog behaviors including backchanneling, including the concepts used, the vocabulary to 

articulate behavior, and the layers of granularity on which participants conceptualized 

backchanneling and authored these behaviors for dialog. 
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Group Discussion—We closed out the workshop with a brief semi-structured group discussion to 

summarize participant perceptions of robot backchanneling and authoring backchanneling for 

robots, and any further commentary, from which we collected observational notes. Guiding 

questions used as launching points for the group discussion are available in Appendix A.5. 

3.1.1 Analysis Plan 

We conducted thematic analysis of the resulting materials—including participant-generated 

paper artifacts, card sorting results, discussion-generated idea lists, transcribed audio recordings, 

and researcher notes—using a mixed deductive-inductive coding approach [43, 52]. The author 

and their advisor developed initial codes deductively based on research questions outlined in 

Chapter 1.2. (specifically, RQ1 and RQ2), after which the author conducted an initial coding pass 

of the data. As patterns began to emerge, the author iteratively refined codes and added new 

codes introduced inductively, completing our hybrid approach as emergent patterns solidified. 

Figure 8: Worksheets for authoring dialog included pre-filled samples and 
blank copies with black text and bubbles only. 
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The author, in regular consultation with their advisor, synthesized key themes on our 

participants’ non-expert mental models. 

3.2 Elicitation Study Results: Non-expert Mental Models of Robot 

Backchanneling 

Recruitment resulted in 27 adults (Table 1), 12 women, 15 men, one identifying as non-

binary/trans/gender diverse, across four workshop sessions (max 10 participants per session, min 

4 due to unexpected participant absence). Most people (17/27) were in the 18-29 age range, with 

two aged 30-39, three aged 40-49, one aged 50-59, three aged 60-69 and one aged 70-79. Twenty 

participants indicated little to no prior experience with robots or designing robot behaviors (e.g., 

6 participants had used Roomba vacuums or restaurant service robots). The remaining 7 

indicated prior experience designing or programming robots, including for hobbies (e.g., Lego 

Mindstorms, 3 people), undergraduate courses (3 people), and professional experience (teaching 

a high-school robotics class, 1 person). One participant declined to be audio-recorded (Session 1) 

resulting in that session not having audio transcriptions. Our thematic analysis resulted in key 

themes regarding participants’ mental models of robot backchanneling and how they approach 

authoring backchanneling for robots. Note that we refer to whole sessions when results are from 

group activities, and individuals otherwise. 

3.2.1 Knowledge of Backchanneling 

Participants recognize and understand backchanneling—During our unprimed spot the difference 

task, before we explained backchanneling to participants, all participants demonstrated rich 

understanding of backchanneling, its purposes and potential behaviors, even if they did not use 

the term specifically. When comparing the human-human discussion video (natural) to the 
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human-robot one (no robot backchanneling), groups noted that the humans used 

acknowledgment behaviors (Session 1), indication of listening (S2), or filler words (S3, S4). 

Participants further noted  

Table 1: Participation across all three studies, broken down by each study and each session. 

  Elicitation Prototyping Evaluation 
Participant S1 S2 S3 S4 S1 S2 S3 S1 S2 

1                
2                
3                
4                
5                
6                
7                 
8                 
9                 

10                 
11                 
12                 
13                 
14                 
15                 
16                 
17                 
18                 
19                 
20                 
21                
22                
23                
24                
25                
26                
27                
28                
29                
30                
31                
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32                 
33                 
34                
35                
36                   

how backchanneling supported engagement and turn-taking, with many noting the importance 

of small interruptions and overlaps often found in human conversations (P6, P9, P10, P15, P24, 

P27): for instance, “when the humans were talking, lots of nodding and other non-verbal cues that 

keep the conversation flowing” (P7). Participants further identified that the robot lacked 

backchanneling “it wasn’t really showing active listening, because it wasn’t, it didn’t have any body 

language unless it was talking” (P9). Many noted negative impacts on interaction, for instance, 

“can it not just tilt its head or whatever and show that it’s listening somehow? … it just seemed odd 

to me that it wouldn’t move while listening.” (P9). One participant succinctly stating “It needs more 

pizzazz” (P23). After we introduced backchanneling (card sort task), this theme of demonstrating 

clear and nuanced understanding of backchanneling continued. 

Participants described impacts of backchanneling—Throughout the workshop, participants relayed 

their thoughts on the impacts of backchanneling, especially on taking turns in conversation. In 

contrast to the card sort task, where turn-taking accounted for just 12 of 227 items categorized 

(5.2%), participants readily explained how backchanneling affects turn-taking. One participant 

explained backchanneling for taking the speaking floor, “even just kind of saying ‘well yeah’, you 

know, just kind of giving yourself… ‘this is my turn to speak’” (P9). Further, P7 noted how 

backchanneling helped the dialog flow: “when the humans were talking, lots of nodding and other 

non-verbal cues that keep the conversation flowing”. Multiple participants commented on the 

impact of small interruptions and overlaps often found in human conversations (P6, P9, P10, P15, 

P24, P27), for instance, P24 articulated how talking with a robot differs from the turn-taking 
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dynamics of siblings, “that's how like a natural conversation between siblings would go is they 

would be talking over each other, you don't really get that when you have robots because they have 

to stop and listen” (P24). Another participant in a different session described turn-taking 

dynamics in the demo videos, “the person would interject sometimes, and it had to do with those 

filler words… the other person I guess technically interrupted you to agree, whereas the robot only 

spoke when it was clear that you were finished” (P15). Participants articulated awareness of the 

role backchanneling plays turn-taking for dialog. 

3.2.2 Non-experts’ Considerations when Authoring Backchanneling 

Participants readily describe desired backchanneling behaviors—In our robot dialog creation task 

we observed most participants to readily engage with authoring dialogs that include 

backchanneling, observing no difficulty or confusion with the concept. Only 9 (of 27) did not 

indicate any robot backchanneling behavior but rather explained higher level behaviors where 

backchanneling may be implicit. Participants annotated dialogs with descriptions of 

backchanneling (6 participants), e.g., “robot interjects with laughter” (P15) or “uses filler words 

(hmm)” (P16). Participants also described non-backchanneling behaviors, for example, “*sarcastic 

tone*” (P7) or “moves arms around excitedly in wide, unnecessarily large gestures” (P1, Figure 9). 

Participants typically annotated dialogs with written descriptions, and one (P24) drew robot 

Figure 9: Prototype robot dialogs and characters, annotated with backchanneling and other 
dialog behaviors (P25, P6, P1, P7). 
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facial expressions (Figure 10). For verbal backchanneling, it was most commonly (15 participants) 

incorporated into robot speech text, for example, “hmm… let’s see!” (P16). Our analysis did not 

uncover any predominant style or technique that we could use to inform specific interface 

designs. 

Appropriate use of realistic behaviors—Although participants attributed backchanneling 

behaviors to robot realism, there was significant discussion over the downsides of realistic 

robots, “I struggle with the idea that, partly, it'd be good to have a robot that looks sort of more 

human because they could be more expressive, but I think that would creep me out a bit, do you 

know what I mean? I'm not sure what the balance is to that.” (P21). Many noted wanting to make 

robots undeniably robotic to avoid confusion (P2, P9, P11, P21, P23, P25), with two (P2, P27) 

noting the “uncanny valley” [69], “mannerisms aren’t too human, avoids uncanny valley” (P2) and 

one referring to media “you should always be aware that a robot is a robot… I don’t know, I’ve 

watched Bladerunner” (P11). Some noted specific desires for appropriate robot backchanneling to 

mitigate this (P2, P10, P11, P22). 

Figure 10: We tasked participants with authoring robot dialogs with backchanneling on paper 
to elicit their mental models for designing robot backchanneling behavior. From left to right: 
P24, P11, P1. 
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Participants author backchanneling as personality traits—We observed 26 (of 27) participants to 

describe high-level general descriptions of robots’ tendencies and personality traits, to 

complement the dialog, such as “she is very affectionate, loving and compassionate” (P26). Many 

of these were directly related to how the robot would listen (P1, P2, P6, P10, P23), for instance, 

“he likes to listen but chatters on a bit” (P1), “always listens to you carefully” (P10), or “good listener, 

able to draw out responses with open-ended questions” (P23). 

Authoring using human-like language—some participants drew comparisons to human behavior 

to explain desired behavior, for instance, directly comparing how a robot behavior may resemble 

human-like behaviors (P2, P3, P5, P10, P11, P15, P21, P22). For example, participants described 

robots as “humanoid-ish” (P11), “not a wannabe human” (P10), that its’ “mannerisms aren’t too 

human” (P2), or even just, “a bit robotic” (P22). One participant made direct reference to being as 

human-like as possible, writing, “Amy acts like a human. Amy wants to be human” (P5). 

Importance of context of use for authoring—Participants commonly grounded their descriptions 

in the robot’s role or context of use, such as envisioning a service robot to support continued 

independence and make their lives easier (P7, P9, P21, P22). Participants noted the importance 

of this context for authoring appropriate dialog, for example, “what is the robot's overall purpose 

in your life? Because that'll affect how they're going to talk to you” (P15). 

3.2.3 Fuzzy Boundaries: Where Non-experts Transcend Backchanneling 

Participants considered backchanneling broadly— While our participants demonstrated awareness 

and understanding of backchanneling, they also considered other aspects of dialog and general 

robot characteristics. For instance, during the Primed Analysis of Backchanneling task, 

participants listed backchanneling behaviors and categorized them by purpose, resulting in 227 
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combinations of behaviors and purposes (Table 2). We analyzed these items and found 167 

backchanneling behaviors across 3 categories, including 85 items (37.4%) representing fine-

grained behaviors such as “smile” (P24), 44 items (19.4%) representing coarse-grained behaviors 

such as “body language” (7 participants), and the remainder were adjacent behaviors including 

interruptions and asking questions (38 cards, 16.7%). 

To understand where our participants’ conceptualizations escaped the boundaries of 

backchanneling, we analyzed the remaining 60 items that were not related to backchanneling, 

for instance, “make the robot bigger” (group of P13, P15, P16), and “reload its weapon :)” (P7), 

resulting in 3 subcategories (Table 2). These included personality behaviors, such as tone, 

expressions, and empathy (24 cards), capability behaviors such as the robot’s size, ability to 

anticipate speech, and memory of past interactions (15 cards), and interaction behaviors 

including ending the conversation or calling the user by name (21 cards). 

Our findings indicate that when shown backchanneling in dialog, our participants demonstrated 

awareness and understanding of the concepts and behaviors, however, when we asked our 

CATEGORY SUBCATEGORIZATION EXAMPLES 

backchanneling fine-grained “tilt head” (P24-27), “laughter” (P11, P12, P14), “reinforce 
with ‘mhm’” (P24-27) 

coarse-grained “body language” (P21-23), “appropriate facial responses 
(surprise, anger)” (P13, P15, P16), “use of filler words” (P17) 

adjacent “ask follow up questions” (P21), “interrupt” (P9) 
not backchanneling personality “tone to indicate meaning (like sarcasm, interest, joking)” 

(P8) 
“caring compliments” (P17) 

capability “try to anticipate when responding”, “make the robot bigger” 
(P13, P15, P16) 

interaction “pivot a conversation” (P21-23), “robot call you by name” 
(P21-23) 

 

Table 2: Our categorization of participant-created backchanneling behaviors from the card sort. 
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participants to brainstorm backchanneling behaviors for robots, they identified myriad 

backchanneling behaviors but also produced a wide range of behaviors outside of 

backchanneling and dialog. 

Some purposes and impacts stood out—Participants demonstrated understanding of a range of 

purposes and impacts of backchanneling in dialog. The Primed Analysis of Backchanneling task 

resulted in 227 backchannel actions written on cards, which participants sorted into 9 pre-

defined categories and one participant-created category, each representing a purpose of 

backchanneling (as explained in Chapter 3.1). Participants assigned their backchanneling ideas 

most frequently to the engagement (23.7% of all cards) and paying attention (14.5%) categories, 

suggesting that these purposes may be more clearly recognized by non-experts.  

We analyzed and categorized all cards for their relevance to backchanneling, and our subsequent 

analysis revealed that these more commonly identified purposes contained a higher proportion 

of cards that represented fine- or coarse-grained backchanneling behaviors. For paying attention, 

27 of 33 cards (81.8%) described such behaviors, and for engagement this number was 36 of 54 

(66.6%). Other purposes of backchanneling like turn-taking (5.2% of all cards) and clarification 

(7%) were less commonly identified by participants for the items they brainstormed. These 

purposes also had a lower frequency of fine- and coarse-grained backchanneling among the 

items, with 2 of 12 (16.67%) for turn-taking and 3 of 16 (18.75%) for clarification, meaning 

participants assigned items that were not backchanneling behaviors to these categories more 

frequently. We note that turn-taking may be technical terminology less familiar to end-users 

than to researchers interested in dialog. Our findings indicate participants thought of 
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backchanneling primarily to indicate engagement and attention, while other purposes were less 

clear.  

3.3 Elicitation Study Discussion 

Our analysis revealed key insights into non-experts’ understanding of robot backchanneling. 

First, our non-expert participants readily understand and engaged with backchanneling and 

readily demonstrated awareness of its purposes and impact on dialog. Most participants designed 

backchanneling for their robots, employing a variety of techniques and approaches to do so. 

Further, participants articulated a wide range of backchanneling styles, applications, and 

behaviors using rich and varied language, and readily demonstrated awareness of its purposes 

and impact on dialog. We further highlight how participants went beyond backchanneling per-

se and focused more on nuanced robotic dialog behaviors, for example, sarcasm and humour, 

varying tone of voice, smooth turn-taking and attentive listening. Further, participants had a 

strong desire for appropriate backchanneling and had differing views on what kinds of 

backchanneling—if any—would be suitable for robots. These results highlight just how well 

participants understand the nuances and potential uses of these techniques and support our 

approach of enabling non-experts to author nuances of robot dialog, including backchanneling 

behaviors. 

In describing backchanneling behaviors, participants used a mix of coarse-grained approaches 

(e.g., considering role, context and personality), and fine-grained approaches such as annotating 

dialog with individual behaviors (Figure 4). From the high level, participants frequently referred 

to personality traits and human-like emotions when describing robot behaviors and even 

backchanneling specifically, both during group discussion and in their design artifacts. Some 
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focused heavily on authoring their robot’s personality to inform their dialog design. From the 

low level, participants applied various individual behaviors in their authoring, including 

nodding, verbal utterances, facial expressions and other gestures (e.g., nodding slowly while 

listening, waving arms around). These results provide a window into how non-experts 

understand backchanneling, as a mixture of both personality characteristics and specific gestures 

and dialog behaviors. 

Our results highlight the importance of context of use, application, and even participant 

preferences on how a robot dialog should be designed. Many participants grounded discussions 

and creations in the robot application and included elements such as preferring a robot to not be 

too realistic, or how a robot should act “appropriately” based on context. This supports our 

motivation of enabling creators to have flexibility in designing nuanced human-robot dialogs. 

3.3.1 Reflection on Methodology 

We analyzed comments from participants during the Group Discussion task at the end of the 

workshop to reflect on our method. Our participants encountered struggles mainly in 

prototyping their own robots during the Designing a Backchanneling Robot task. Three 

participants noted having difficulty in authoring behaviors while considering realistic 

limitations, due to uncertainty of possibilities (P22), external media influences (P15), or their 

programming knowledge (P7). “I have a hard time differentiating between, how idealistically could 

you have a robot behave to what's actually practical for a robot,” (P22). Others expressed struggling 

with the semi-structured nature of the task and designing their own robot. For some, having a 

clear understanding of their robot’s purpose was essential to understanding how to author its 

dialog. 
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While we carefully opted for a less-structured approach in the Designing a Backchanneling Robot 

task to let participants explore and avoid oversteering them toward authoring certain behaviors, 

more structure may have enabled them to engage more directly in backchanneling design, 

without needing to first address the robot’s purpose, character and human-like attributes. For 

instance, providing more structured ideation through a heavier-weight co-design method [4], or 

by requiring participants to use the provided sample dialogs and robot character. 

3.4 Design Recommendations for Dialog Authoring Tools 

We synthesize the results from our elicitation workshop into design recommendations for non-

expert authoring tools for human-robot dialogs design, recommendations which we use directly 

in the following sections in creating our own interface. 

1. Design Dialog Authoring Tools to Include Backchanneling. We found people to be 

acutely aware of backchanneling and its impacts on dialog. Non-experts engaged heavily in 

discussion and design activities on robot backchanneling and noted the contextual nature of 

these behaviors. All this highlights that dialog authoring tools should include backchanneling as 

a core feature. 

2. Richer Dialog: Beyond Backchanneling. We observed participants to focus on rich dialog 

broadly (beyond just speech), including personality, empathy, tone of voice and emotive speech. 

Thus, while we still advocate for the necessity of backchanneling in authoring tools, where 

possible also include other ways of enriching dialog, such as specifying the robot’s personality 

or enabling emotive speech [97]. 
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3. Support Personality-Level Control of Backchanneling. Participants often considered 

backchanneling patterns and tendencies at a high level, such as robot personality or emotions, 

not necessarily using specific robot behaviors. These participants considered backchanneling as 

coarse-grained listening styles and described them using the robot’s personality traits. For 

instance, employing sarcasm, humour, affection, or being less agreeable. We provide mechanisms 

to support authoring robot behaviors using the robot’s personality. 

4. Support Contextual Customizability. Participants identified how backchanneling will vary 

based on interlocutors or contexts, highlighting that backchanneling for a given robot is variable 

and not fixed. We provide the ability to vary the robot’s backchanneling behavior for one type 

of context: different segments of a dialog. 

5. Support Behavior-Level Fine-Grained Control of Backchanneling. Participants readily 

understood specific backchanneling behaviors and techniques, ranging from utterances to 

gestural actions and facial expressions. Although many defined backchanneling at the higher, 

coarse-grained level, they do understand the lower-level mechanics and may want to adjust or 

customize at this level, e.g., tune the frequency or intensity of nodding. Therefore, authoring 

interfaces should provide fine-grained control of backchanneling to support authoring specific 

behaviors. 

3.5 Chapter Summary 

In the elicitation study, we set out to investigate how non-experts conceptualize backchanneling 

(RQ1), how they describe its elements and features (RQ2a) and how they may approach designing 

backchanneling for a robot (RQ2b, RQ2c). We conducted workshops with non-experts, 

completing elicitation and design activities to learn about how they approach robot 
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backchanneling conceptually and for authoring robot behaviors. Our findings show that non-

experts intuitively understand and engage with backchanneling, including the associated 

behaviors, its impact on dialog interactions and how backchanneling behaviors can affect one’s 

perceptions of others and robots. Non-experts engage backchanneling when designing robot 

dialog, including at the fine-grained behavior level and on the broader, coarse-grained layer, 

considering robot personalities, emotions and other complementary dialog behaviors. 

Our findings reveal key implications for dialog authoring tools. We uncovered that potential 

non-expert users of robot behavior authoring tools are capable and ready to engage with 

backchanneling in robot behavior design tasks, and we suggest that robot behavior authoring 

tools should include backchanneling design options on multiple layers of granularity (e.g., 

personality). We synthesized these results into design recommendations for dialog authoring 

tools, and proceed by leveraging these recommendations in subsequent chapters to ground our 

interface design and prototype evaluation in our elicitation study findings (Chapter 4 and 

Chapter 5). 
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4 Formative Prototyping Sessions: Paper Prototypes 

Equipped with the elicited knowledge from our design workshops, which addressed RQ1 and 

RQ2, we turned to address our third research question, specifically, what layout and interaction 

design can satisfy our requirement of enabling non-experts to author their desired 

backchanneling behaviors? (RQ3a). In this phase, we investigated layouts and interaction 

designs, refined our interface through iterative user testing with paper prototypes, and 

synthesize a novel interface design for authoring robot backchanneling behavior. We began by 

informally consulting with other HRI/HCI researchers in an interface brainstorm session, guided 

by our findings from the design workshops. We then designed an initial interface for authoring 

robot dialog with backchanneling, drawing directly from the results of our elicitation study and 

our informal brainstorm, and constructed paper prototypes for rapid evaluation and iteration. 

To answer whether our interface enabled non-experts to engage this creative task (RQ3a), and 

to initially investigate how they may engage such an interface and its features (RQ3b) and 

identify potential issues early on (RQ3c), we conducted formative prototype evaluation sessions 

with non-expert users, where we instructed them to complete simple tasks, observed and 

analyzed their interactions with the tool, and rapidly iterated on our design for the next session. 

4.1 Designing an Initial Prototype Interface 

Based on the high learnability and ease of use of block-based programming interfaces for non-

expert users [9, 88, 101, 102], and their widespread popularity among existing robot authoring 

tools, we elected to use a block interface as the base of our prototype. Our interface thus 

leverages the known existing design pattern of block authoring and extends this design to 

accommodate authoring backchanneling for robots. Adopting this block pattern for our design 
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solves several problems, namely, how to present basic functionality like a robot speech action 

(typically a block with a text field for defining what the robot will say), and presenting robot 

actions in a visual, ordered manner. Our remaining challenge, then, was to identify how to 

present backchanneling features to users in a way that enabled their participation and creative 

expressivity in authoring. To explore early prototypes of potential interfaces that expose 

backchanneling behavior, the author of this thesis met with four other human-robot interaction 

and human-computer interaction researchers (colleagues) for an informal workshop to 

brainstorm interface designs, including the general approach and specific layouts.  

4.1.1 Informal Interface Brainstorm Workshop 

The author met with 4 human–robot interaction researchers for a 1-hour, informal workshop to 

brainstorm potential interface designs for authoring backchanneling behavior. Our goal was to 

explore how we might present backchanneling behaviors within a block-based programming 

interface, including controls for adding and/or adjusting the backchanneling. We began the 

workshop by reviewing our results from the elicitation study to ground our brainstorming and 

discussion, including how participants readily understood backchanneling concepts and tended 

to consider backchanneling through a lens of personality or emotion. We then asked researchers 

to individually sketch as many interface ideas as they could come up with in a 25-minute 

brainstorm exercise (with a goal of 10 interface designs each). Finally, we closed the workshop 

with an extended discussion to share ideas and discuss potential design challenges. Following 

the workshop, the author analyzed the interface sketches informally, and then discussed with 

their supervisor to create the initial prototype design. 
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This workshop resulted in 27 sketches of interface 

designs for authoring robot backchanneling. One 

recurring theme was exposing backchanneling 

behaviors as tunable parameters, for instance, a 

slider to control how often the robot nods its head 

or makes a particular utterance (Figure 11), though 

one researcher mentioned potentially using an 

LLM to fine-tune parameters on behalf of the user 

(R4). This basic level of authoring—tuning 

parameters by hand—exposes simple controls for 

backchanneling at the fine-grained layer of each 

behavior. 

Another major theme was personality-based authoring of backchanneling behaviors, featured in 

several sketches in different forms and capacities (Figure 12). All researchers agreed that 

personality may prove necessary in enabling interaction by non-experts, given the abstract, 

intangible nature of backchanneling as a conversational behavior. Some further suggested that 

Figure 11: Fine-tuning of individual 
backchanneling behaviors was a theme 
among sketches from our informal 
interface brainstorm workshop (R2, R4, R1). 

Figure 12: Interface sketches for authoring backchanneling emphasized the use of personality 
descriptors, such as "happy", "extroverted" and "affirming" (R2, R3, R4). 
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the user should be able to start by selecting one of many “preset” personalities, and then offer 

customization or creation of new ones (see Figure 12, left). Another sketch suggested that a robot 

could have “listening modes” (e.g., “affirming” and “skeptical”), acting as buckets to which the 

user adds specific behaviors. In general, our takeaway was to support users with preset starting 

points for authoring behavior with personality, and to empower them with some manner of 

creating and customizing new personalities. 

4.1.2 Interface Design 

Following the workshop, the author informally analyzed the interface sketches, then met with 

their advisor to discuss the generated ideas and recurring themes throughout the sketches and 

elicitation study results. Through this informal process we arrived at an initial design which the 

author implemented in the first paper prototype (Figure 13). 

We decided to adopt the block-based programming language approach as the foundation of our 

work, given its field dominance and success at being accessible to non-experts [20, 88, 102]. 

Following common block-based programming patterns, we created tool palettes on the left for 

blocks representing dialog elements which can be dragged from the palette into the main 

window, where a copy is created, and users are able to customize these by clicking on them, for 

example, entering text for the robot to say. Elements on the main window click together if 

dragged within close proximity, dictating the serial order of the events in the behavior. Our 

design aimed to include backchanneling behaviors directly into the creation interface without 

hindering authors’ creation of the core text content: authors can select styles for listening 
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elements to encapsulate backchanneling. Further, we aimed to incorporate both coarse-grained, 

personality-level definition of robot behaviors as well as the ability for fine-tuned editing and 

control, and adopted a coarse-to-fine workflow: users first specify a high-level style to 

encapsulate template backchanneling behavior, including happy, sad, excited or bored, but can 

refine the behavior specifics through fine-grained modifications to these styles using the panel 

on the right. Here, users can modify parameters such as the frequency, intensity and direction 

of nodding behavior, utterance content, frequency and volume, and frequency of eye contact and 

Figure 13: Paper prototype of our initial interface design, complete with core block features 
(toolbox, left, and workspace, middle) and all additional elements including tooltips, keyboard 
and selection hints, dropdown menus, navigation and callouts. 
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gaze shifts. This menu also supports turning off each of these types of backchanneling behaviors 

within a style, and new styles can be created as desired.  

We constructed the paper prototype using cardstock with hand-written text, and cut-out to 

shape. We photocopied base elements to facilitate rapid exploration and to quickly make new 

elements. We made the tabletop workspace using high-tack paper sheets (we used photo album 

inserts) to prevent elements from slipping around and to lock them to their positions. Drop-

down menus, call outs, etc., were all prepared on paper. We prepared analogs for computer usage 

where needed: when the user of the paper prototype checks a box or drags a slider, overlay 

elements react to reflect the new state. When the user wants to type, they tap their finger on a 

text box and a “keyboard” element appears to indicate the action the user has invoked; we then 

provide the user with a pencil and a blank sticky note to write on, attached to the text box. Our 

paper prototype interfaces are fully featured for accurate use and exploration by users. 

4.1.3 Pre-study Interface Iteration 

Before our formative paper prototype evaluation with non-experts, we identified during informal 

researcher pre-testing that the initial way we presented styles may be difficult or tedious to 

engage efficiently. In the initial prototype (Figure 13), the user’s first interaction with styles is 

likely to be the listening style dropdown provided in the Robot Dialog block, which encapsulates 

other dialog behaviors added by the user. This may be unexpected as the user is likely to want 

to author what the robot says as a first step, and there is no indication of where this style is 

applied or what it may do. Further, the presence of an “auto” default may be unclear (will the 

robot automatically listen?), and editing styles occurs in a separate side panel (right) with no 

intuitive connection to the behaviors authored in the workspace. The concepts are disconnected, 
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for instance, does modifying the happy style in the side panel affect all block instances with 

happy selected in their dropdowns, or just one, or only future instances? We came to understand 

that this lack of clarity represented a usability issue that made styles difficult to interpret and 

manage while exploring and authoring. 

To make our interface design more intuitive, we decided we needed to centralize all the pieces 

of our conceptual model for robot dialog: put styles in the toolbox with other dialog elements. 

Styles became a type of block in themselves, a decorator complementing other dialog elements, 

by way of attaching to them (Figure 14). This unified approach remedies the fragmented nature 

of styles in the previous version and integrates our representation of backchanneling behaviors 

into the core interaction loop (dragging blocks from the toolbox to the workspace), making styles 

idiomatic to, and benefitting from, the core block-based programming paradigm. We maintain 

support for presets, user-created styles, and editing parameters within a style.  

The other notable change is that we redefine styles from “listening styles” to simply styles, 

allowing the user to place a style on any type of block, following our design recommendation 

for enabling Richer Dialog: Beyond Backchanneling, and expecting that users may not draw a 

clean boundary at backchanneling-specific behaviors when operating through the lens of styles. 

For instance, a style on a Listen block defines backchanneling, on a Say block it defines speech 

tone or style, and on a Robot Dialog block it defines the style to apply for all nested blocks. 

This version of our prototype constituted our starting point for the formative prototype 

evaluation study with non-experts, detailed in the following section. 
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4.2 Formative Prototype Evaluations with Non-experts 

Given our target user base and goal to rapidly refine our candidate design, we conducted a series 

of three formative prototype evaluations, rather than a formal usability study. We designed the 

evaluations to assess user learnability and alignment between our interface structure and users’ 

conceptual understanding of dialog and backchanneling, as well as whether participants could 

use the interface to complete simple dialog and backchanneling authoring tasks. We developed 

1. interface showing a blank state with dialog toolbox 
open 

2. populated workspace with the styles toolbox and 
preset styles shown 

3. create a new style by “dragging” a preset into the 
Your Styles space in the toolbox. 

4. edit the new style’s parameters with the style 
options pane  

Figure 14: Improved interface design featuring styles as draggable modifier blocks that are 
attached to core dialog elements (listening, speaking). 
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a set of simple tasks relating to participants authoring human-robot dialogs, ranging from simple 

robot speech, simple listening personality, to complex dialogs with advanced features such as 

customizing individual backchanneling instances. For each, we specified clearly what we want 

participants to accomplish but did not explain how to accomplish it using the prototype. Between 

the three sessions we refined our prototype, improving it for the next one. 

4.2.1 Tasks and Procedure 

Tasks—For the first task we asked users to complete a pre-designed and highly prescribed dialog, 

starting from scratch, that included the robot speaking and listening, and the participant both 

“playing” the dialog (test it on an imaginary robot), and modifying their creation. This was 

explained to participants verbally in several steps (e.g., make the robot say “hi, how was your 

day at work?” and make it listen to the user’s response) (see Appendix B.3). The second task was 

an open creation phase where participants were asked to create a new dialog. We asked 

participants to imagine a make-believe scenario to help them get started (a robot acting as a 

cooking assistant) but left all dialog creation and backchanneling up to them and provided no 

additional instruction. 

During sessions the author manually operated the prototype, updating the interface in response 

to participants’ indicated interactions (e.g., clicking or dragging with their finger). The author 

had numerous templates and blank widgets prepared, as well as various pens, pencils, and 

highlighters, to enable on-the-fly interface extension or creation based on participant actions. 

Participants were also encouraged to use these materials to explain what they are trying to 

accomplish, though only one participant engaged in this way (P3). 
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Procedure—We invited individuals to attend a 1-hour workshop on our institution’s campus. Each 

participant was compensated $20 CAD. We conducted workshops with groups of people, 

although only one person interacted with the paper prototype at a time given the requirement 

for the research operator. We began the session with consent forms (Appendix B.1), followed by 

refreshments and an introduction by the author who moderated each session. We gave our 

explanation of backchanneling from the elicitation study (Appendix B.2), and a video tutorial of 

the interface explaining each of its features (tool palette, blocks and their functionality, 

workspace and play button) and how to interact with a paper prototype (picking up and 

arranging blocks, tapping with a finger to “click” elements, writing text with a pencil). Following, 

the moderator took one participant at a time to a separate room to complete the tasks on the 

paper prototype (Appendix B.3), with an assistant moderator took observational notes. The 

remaining participants completed basic dialog authoring activities from the elicitation study, 

provided with the same stationery and sample dialogs (Appendix A.6). This research was 

approved by our institution’s research ethics board. 

To inform prototype iteration, the author and assisting researcher noted for participant ability 

to complete representative tasks, paying particular attention to how participants explored the 

interface and how they engaged with their authored creations during the open-ended task. The 

author also watched for participant ability to achieve their desired outcomes with the interface 

tools provided and without complex workarounds or appropriation. All analysis of this 

observational data was completed by the author, who subsequently iterated the interface design 

in regular consultation with their advisor.  
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4.3 Results: Prototype Iteration 

We had 7 participants across the three sessions, recruited from posters placed on our institution’s 

campus, 4 men and 3 women, six of whom were aged 18-29 years and one aged 30-39 years. One 

participant indicated coding experience, and another had previously taken a robotics course in 

secondary school. 

Overall, participants readily understood our interface design and were able to, with minimal 

explanation assistance, author human-robot dialogs with backchanneling behavior, giving us 

confidence in our overall interface design. The largest trouble spot was management and use of 

the dialog styles: we initially provided complex style templating, customization, and 

management features. However, we observed participants struggling and getting confused 

regarding managing styles, which appeared to inhibit dialog authoring and increase overheads. 

Therefore, we greatly simplified the style system by completely removing management of presets 

(e.g., adding, deleting, naming, etc.), and instead simply enable users to customize individual 

style instances in place. In the following sections, we detail our prototype iteration after each 

session, arriving at a final prototype which we later implement as a high-fidelity software 

prototype in Chapter 5. 

4.3.1 First Workshop: Style Discoverability and Customization 

From the first session, we observed that a major challenge for users was interacting with our 

styles features as currently presented. First, discoverability—people could not find the styles tab 

of the toolbox, even when guided towards the tab bar, and the interactivity of the tab bar (that it 

might reveal another page of the toolbox) was not intuitive, at least on paper. This was at least 

partially a procedural oversight; our tutorial avoided priming participants on how to use styles, 
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and in doing so we omitted showing 

participants that styles existed. This led to 

other downstream problems in the 

authoring tasks; when asked to make the 

robot happy, one participant added a listen 

for keyword block and typed in the 

keyword “happy”, then changed it to 

“promotion” to fit their dialog context, 

since they expected the robot would be 

happy if the user said they had received a 

promotion at work. For this session, then, we eventually showed users how to interact with the 

toolbox tabs if they could not find it through exploration (nobody did), revealed the existence of 

the style blocks toolbox for them, and for the following session we iterated on our procedure to 

more explicitly note that there are more available blocks in the toolbox through the tab bar. Once 

users were aware of styles, they successfully applied them to customize their robot dialogs in the 

workspace. 

Discoverability was not the only challenge that styles presented for users. One major problem 

we unearthed was style management: the workflow for creating and editing styles was 

unintuitive for users. To create a new style, the user was required to drag a preset style into the 

Your Styles area to use as a starting point (regardless if they clicked the Plus (+) button). This 

was unexpected and unintuitive behavior for our users. For instance, P1 attempted to apply the 

happy style to their dialog by dragging happy into the Your Styles section, thinking it would 

apply to the robot, but were instead met with the style customization pane, at which point they 

Figure 15: Users can now create a new style from a 
blank state, or use an existing style as a starting 
point, as desired. Options in the blank state appear 
unchecked, and reveal default values when 
enabled (e.g., middle slider values). 
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hesitated and attempted to undo their action. Thus, we modified the style creation process to be 

more intuitive, supporting users to start from a blank slate style (with no selected behaviors, and 

parameters set to defaults when a behavior is checked, for instance, sliders set to the middle 

value). Users can still drag a preset to start from if they desire, indicated by the labelled drag and 

drop area (Figure 15).  

Users also struggled with the flow of editing a 

preset style. If the user wanted to make the happy 

style include more frequent nodding, they would 

click on the edit button on the happy style block, 

which would initialize the process of creating a 

new style, since we wanted to preserve the preset 

styles, yet allow the user to create modified 

copies as desired. This proved to be unnecessarily 

obtuse and unintuitive, and so we updated the 

preset styles to explain this process more clearly 

with a modal (Figure 16). 

Figure 16: We clarified how attempting to 
edit a preset style (top) preserves the style, 
and users are invited to create a new style 
with the preset as a starting point (bottom). 
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4.3.2 Second Workshop: More Style Management Issues 

In the second workshop, we discovered that styles were still difficult to find, especially the tab 

bar in the toolbox. Given that siloed toolboxes are idiomatic to block-based programming 

interfaces, and we are not attempting to evaluate how well Blockly translates to paper, we 

gathered that this challenge may be a limitation of paper interfaces and opted to maintain our 

Blockly-like structure, but made the tabs more obvious for a paper setting by using separated 

manila folder tabs. Further, we renamed the “Blocks” tab to “Actions” to better represent its 

contents. Further, we observed that the new modal popup for editing preset styles (Figure 16) 

was still unintuitive, and thus converted this to a simpler, informative tooltip, along with 

automatically creating a new custom style for them, named after the preset, for instance, “copy 

of Happy”. This helped especially with the case where users would attempt to edit preset styles 

already placed in the workspace, where the modal’s verbiage to “drag above” did not make sense 

for the workspace context. These changes resulted in our final paper prototype, shown in Figure 

17. 

Figure 17: Our final paper interface prototype, deployed in the final workshop. 
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4.3.3 Final Workshop: Simplification 

After the third and final workshop, we observed that we were reaching saturation with the 

insights from the paper prototyping process: for many of our notes on user challenges, it had 

become difficult to discern the degree to which paper interfacing was contributing to the problem 

over actual interface design shortcomings. Given this point of diminishing return, we decided to 

conclude the iterative user testing paper prototyping stage. 

Before developing software, one major issue was still clear across all our prototyping: the style 

management workflows were cumbersome, unintuitive, and tended to hinder authoring. Rather 

than forcing the user to manage their own styles, or continually tweaking this feature, we opted 

for a major simplification: we removed the ability to create additional styles as new blocks. 

Instead, we provide the preset styles as the only available blocks and enable editing of these 

styles within the workspace only. If the user changes the happy style, it applies only to that copy 

of the block. Users can still reuse their customized happy style by leveraging Blockly’s copy and 

duplicate features. This way, users do not corral styles outside of the workspace (i.e., 

management), and can thus focus on applying and tweaking styles as they see fit (i.e., authoring). 

Another confusion point was customization of styles for speaking behaviors (see Figure 5)—

while we enabled styles to be applied to listening (as backchanneling) or speaking behaviors to 

follow our Richer Dialog: Beyond Backchanneling design recommendation, the customization 

screen we provided for backchanneling did not match the speaking behaviors (e.g., verbal 

utterances while speaking would not make sense). We removed customizability of speaking 

styles to enable us to focus on backchanneling, leaving this for future work. 
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4.4 Chapter Summary 

In this chapter, we engaged our understanding of non-experts’ mental models of robot 

backchanneling, as investigated in the elicitation study of Chapter 3. Through iterative 

prototyping with this foundation of knowledge and input from both HRI researchers and non-

experts, we addressed our research question of identifying an interaction design and layout that 

enables non-experts to successfully author backchanneling for robots (RQ3a), with extra 

attention to detail on how we use emotion or personality to present (and thus, how we allow 

users to modify) backchanneling. Through formative user testing, we additionally engaged how 

users might engage such an interface (RQ3b) and identified challenges encountered in early 

prototype interaction designs (RQ3c). We take our findings from this chapter forward into 

Chapter 5, where we evaluate a high-fidelity software prototype with non-experts, whose design 

is heavily and directly informed by our prototyping results.
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5 High-Fidelity Content Creation:  

A Tool for Designing Robot Backchanneling 

Following our iterative prototyping stage, as described in Chapter 4, we have the following pieces 

in place: first, we possess an understanding of how non-experts engage backchanneling 

conceptually, which aspects they struggle to understand, and how they might consider 

backchanneling for robots, including designing robot backchanneling with paper crafts (RQ1, 

RQ2). Second, we created a prototype interface design grounded in these mental models, in 

expert HRI researcher ideas, and in formative user testing with paper versions. Equipped with 

this knowledge, we proceed to address our third research question, specifically, how our 

interaction design and layout supports users to author robot backchanneling creatively, which 

behaviors they create, and any potential unforeseen challenges or limitations of our interface 

design (RQ3). In this chapter, we detail our high-fidelity software prototype and a user evaluation 

with non-experts, and the limitations of our approach, completing this thread of identifying how 

we can support users to create nuanced robot dialog behaviors. We begin by detailing our 

interface and its features (5.1), followed by our evaluation workshop where we observed non-

experts using our tool to author robot backchanneling (5.2), and then our results (5.3), concluding 

with a discussion, including the contributions and limitations of our evaluation (5.4). 

5.1 Interface Design 

We developed a simple interface that enables users to create simple human-robot dialogs 

including backchanneling (Figure 18); this is a limited design that matches our goal of testing 

our integration of backchanneling into dialog, but in practice our interface would be integrated 
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into a more complete system. Users can drag and drop elements from the tool palette on the left 

onto the workspace, where they can snap together in specific ways to form a full dialog design. 

The user can build linear dialogs by adding a Robot Dialog block (Figure 19, blue block on the 

left), and then adding and nesting within it a series of action blocks (the next three) arranged 

sequentially top to bottom, as shown in (Figure 18). To remove elements, they simply drag them 

out onto the workspace, where they are not used, or back into the palette, and they disappear. 

We provided the following action blocks: “Say” blocks (green, Figure 19) which users can 

customize by clicking on “type here” and entering text for the robot to say; “Listen while person 

speaks” which indicates that the robot should wait until the human is done talking (until silence 

is detected); “Listen for Keywords” blocks which listen until user-specified keywords are 

recognized, which users can specify by clicking on the block and typing in the keywords. Users 

can press the play button (upper right corner, Figure 18) to send their behavior to the robot and 

test it out. For playback we used a VStone Sota small humanoid robot on the desktop next to the 

user’s computer (Figure 3). 

Finally, inspired by the personalities created by participants in earlier workshops, we provide 

four different “Style” blocks that users can drag and attach to their action blocks: happy, sad, 

excited, and bored (Figure 19) to specify how the robot should complete that action. When 

attached to listen blocks, this specifies the robot’s backchanneling behavior. When attached to 

say blocks, the styles currently have no effect given the goal of our prototype to author 

backchanneling, thus we leave this feature for future work. 

We programmed the robot to use nodding, utterances, and gaze behaviors for backchanneling, 

and we designed the initial styles to map to specific configurations of these. For instance, excited 
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would make the robot nod its head with high frequency and intensity, and emit utterances 

“wow”, “yes” and “right”. We did not evaluate or validate the specific backchanneling behaviors 

themselves but rather designed them to roughly match the personalities, given the research focus 

on the user interface and not the quality of the resulting robot dialogs themselves. 

Users can fine-tune or edit a style by clicking the edit icon on the style block, whereby a panel 

pops out (Figure 21). This panel provides a full range of fine-tuned controls of the backchanneling 

behavior, including enabling the user to control which backchanneling behaviors and modalities 

are enabled (nodding, utterances, and gaze behaviors) and fine-tune parameters for these 

behaviors. For instance, the user can adjust the frequency and intensity of nodding behaviors 

Figure 18: Our interface, based on Blockly, with available blocks in the tool palette (left) 
and user creations in the workspace (right). The "Play" button on the upper right lets the 
user test their designs on a connected, physical robot. 

robot actions styles 

Figure 19: A diagram showing the blocks available to the user for authoring human-
robot dialog with backchanneling. 
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and the direction of these head movements (vertical or 

horizontal), adjust the frequency of utterances and select 

specific words to use from a list, and adjust how much the 

robot maintains eye contact and how frequently it shifts its 

gaze. 

Overall, this interface design falls in line with our initial 

recommendations from the elicitation workshop. Presenting 

the behaviors as coarse-grained styles first, followed by 

enabling optional fine-tuned control of specific parameters. 

Further, by specifying the style per action we enable users to 

author backchanneling contextually, customizing each 

segment of dialog with the desired behavior. Finally, 

although not implemented at this time the interface itself 

does map the styles to utterances as well, as our approach 

followed our recommendation to provide Rich Dialog Beyond Backchanneling and this made 

sense for the style metaphor. 

For our implementation we built a user-facing web client, a server to coordinate user clients and 

robots and send commands between the two, and a thin-client running on our robots. We used 

VStone Sota robots as simple, small social robots designed for dialog interaction with people. 

The web client interface uses Google Blockly (v11.2.2) and React (v19.2.3) for interface elements. 

The server uses Python3 and listens for connections from clients and robots, generates text to 

speech content using the Google Translate API and performs keyword recognition using Alpha 

Figure 20: Users can optionally 
edit backchanneling styles to 
fine-tune parameters for 
individual behaviors. Changes 
are saved only to the modified 
block; other blocks of the same 
style remain unaffected. 
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Cephei Vosk, which runs locally. The thin client on the Sota robot, written in Java 8, simply 

interprets and executes commands received from the server and manages socket connections for 

sending microphone data and receiving and playing back audio.  

5.2 Prototype Evaluation Workshop 

We conducted a prototype evaluation workshop to assess how our interface and its conceptual 

model for backchanneling supports non-expert users to explore and author human-robot dialog 

that contains backchanneling behaviors. To reflect on the alignment of our interface with our 

intended conceptual model for presenting backchanneling behaviors to non-expert authors, we 

recruited participants from previous phases (Table 1), evaluating for the general effectiveness of 

our interface in enabling users to create rich robot dialog with customized backchanneling. 

We invited the same participants from our elicitation workshop and formative prototype tests 

to attend a 2-hour workshop in a computer lab at our institution, where they each had their own 

computer and robot workstation. After consent forms (Appendix C.1), we tasked participants 

with creating robot dialog behaviors for a VStone Sota robot using our interface (Figure 3). After 

a pilot session for technical testing and debugging, we held two sessions—we had enough 

workstations to host a maximum of 7 participants per session. Participants were compensated 

$35 CAD at the start of the workshop. This research was approved by our institution’s research 

ethics board. 

5.2.1 Tasks and Procedure 

Each participant sat at a computer station with a mouse and keyboard, the interface loaded in a 

web browser, and a VStone Sota robot placed on the table. The author first explained 

backchanneling (5 minutes, see Appendix C.2), supported by two short video demonstrations of 
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human-human dialog and human-robot dialog. We guided participants through a brief 

interactive tutorial to create a simple dialog, and then to add backchanneling, covering all 

interface features: first make the robot say “Hi, how was your day at work?”, then listening 

attentively in a happy style; we included this tutorial given that the goal of our workshop was to 

test how participants engaged with and understood the human-robot dialog creation with 

backchanneling, and how they are represented conceptually in the interface, rather than the 

learnability of the Blockly interface itself [45, 88, 101, 102]. Following the tutorial, we began an 

extended, open-ended creation task (60+ minutes) where participants designed robot dialog and 

backchanneling behaviors. We emphasized to participants that they were not being evaluated 

for performance at any point during the workshop, but rather, they were helping us to test our 

system. The primary and secondary author circulated to take notes, inquire about participants’ 

designs, answer questions and resolve technical difficulties. 

5.2.2 Analysis Plan 

We collected qualitative data including researcher observations and notes in addition to digital 

artifacts of robot dialogs authored by participants. The author and their advisor conducted a 

qualitative thematic analysis on these data to assess user understanding and engagement in 

designing robot backchanneling using our interface, and the range of dialogs and behaviors they 

authored using the tool. Our primary analysis centered around how participants engaged with 

and understood backchanneling while designing robot dialog, and how our interface design’s 

incorporation of backchanneling supported user creation. 

The author first organized all researcher observations and notes pertaining to how participants 

understood and engaged with backchanneling while designing with the interface, the range of 
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created behaviors, issues or uncertainty they may have encountered with respect to the 

interface’s presentation of backchanneling, and feedback received. The author then analyzed 

artifacts of participants’ creations to assess how our approach enabled users to author custom 

robot dialog with personalized backchanneling. Below we present key themes synthesized 

collaboratively by the author and their advisor. 

5.3 Results 

Recruitment resulted in 13 individuals who self-identified as being interested in designing robot 

behaviors (8 women, 5 men) to participate in 2-hour workshops, 6 in one and 7 in another. Most 

participants were aged 18-29 (9 of 13), with one aged 30-39, two aged 40-49, and one aged 60-69. 

Our participants mostly had little robot programming or design experience; three participants 

had programmed robots before (two in university courses, one with hobby kits/toys), and two 

others had general programming experience (one software developer and one student), but no 

robotics expertise. Nine individuals had previously participated in the elicitation study and two 

in paper prototype sessions (Table 1). 

Our thematic analysis resulted in the following dominant themes: 

5.3.1 Low Friction and Sustained Engagement 

We found that all participants engaged with the task, with all actively authoring robot dialogs 

for the entire 60-minute open-ended creation activity and creating a wide range of behaviors. 

Participants did not encounter significant problems or barriers while using the interface. All 

participants successfully created dialog with backchanneling (e.g., see Figure 22) using each 

aspect of the interface without requiring researcher assistance, and all participants included 

backchanneling behaviors in their dialog designs during the open-ended task, all explored 
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varying configurations and customizations, and all continued to use the backchanneling in their 

creations throughout the workshop. 

Participant problems were predominantly technical errors 

with our system, for example, occasionally needing to reset 

a robot, a bug where the side-to-side backchanneling would 

not work, or a bug where the system allowed for the “robot 

dialog” block to be nested within others, resulting in an 

error message. We provided small clarifications on these 

and other small implementation issues, including if the 

robot would enunciate question marks (it did not). 

Related to this, participants asked general clarifying 

questions about features and functionality, such as whether 

the robot was listening to them (P25) and whether the robot 

would ever finish listening for keywords if they did not say 

a keyword (P14). A few participants asked mechanical 

questions about the backchanneling elements, for example, if they could rename a style upon 

customizing it (P30), but no participant asked for assistance on the backchanneling elements. 

Users explored the space of interaction possibilities with our interface, investigating and testing 

the backchanneling options and system capabilities. For instance, P11 wrote quick tests to see 

how different backchanneling parameters affected the robot’s behaviors, making the robot say 

“Nodding. I’m nodding. Maximum frequency and intensity nodding” with an attached happy 

style customized with frequency and intensity set to 100 percent. They discovered a bug that the 

Figure 21: Users authored a range 
of interactions for their robots and 
applied backchanneling to them. 
Pictured is a snapshot of a portion 
of P30's workspace and their joke-
telling robot. 
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robot would not nod its head side to side when the style option was selected, testing with robot 

speech: “I am trying to turn my head side to side. The will to do so is not there.” (P11). 

5.3.2 From High-Level Structure to Tuning 

From our in-session observations and analysis of saved workspaces, we observed a common 

pattern: our users would build their dialog first with robot speech and keywords, perhaps run an 

initial playback, then add styles and run it again, and tweak styles, running repeatedly as they 

went. For instance, P30 iterated on a dialog design to come up with a new style they called 

“intense excitement”, a frenetic listening style with nodding frequency set to the maximum and 

eye contact set to ten percent. They began with a bored style, tested it on the robot, and then 

heavily customizing the style to drastically change the robot’s behavior. P1 and P11 explored the 

style customization menu, testing behaviors out with incremental changes. P16 typically used 

the excited preset but then modified most instances to expand the range of utterances, selecting 

different combinations for different parts of the dialog to create contextual utterance behaviors 

(Figure 23). P29 and P36 also frequently edited the utterance list for their styles, for instance, P29 

Figure 22: P6 used backchanneling styles contextually while authoring dialog, including 
an excited style that repeatedly says "wow". 
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enabled utterances for the bored style (this style has utterances turned off by default) and fittingly 

added just one utterance to the list, “sigh”. 

5.3.3 Exploration of Rich and Nuanced Behaviors 

Participants spent considerable time and effort to author rich and nuanced behaviors throughout 

the workshop, exploring possibilities and fine-tuning their creations. Each participant made 

extensive use of the predefined styles, attaching them to robot speech and listening behaviors to 

customize their dialogs at a basic level. 

Participants designed backchanneling behaviors to match the specific desired interaction 

contexts and narrative, for example, P6 authored a dramatic robot that urgently requested the 

user’s assistance, “there isn't time, I don't have any hands, will you help me?” using the excited 

style while listening to match. P30 created a dialog where the robot was sad and asked the user 

for permission to sing a song to be happy: if the user said yes, the robot sang and used a modified 

“shy” style (annotated with the blockly comment feature) while listening for feedback on their 

performance. 

It was also common for participants to vary their robot’s use of backchanneling throughout a 

dialog instance, as part of their robot’s character design. For example, a “Joke bot,” which the 

participant annotated as “trying to make a sassy robot”, using the happy, bored, and excited styles 

to shape the narrative while telling a joke (P30, Figure 22), and a compassionate listening robot 

that alternated between excited and happy listening styles (P25). Some even built this into user 

response (although our system did not support branching, for example, P7 authored a robot that 

wanted to take over the world, and when the user replied, “no way”, the robot backchanneled 
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with a custom sad style: shaking its head with maximum frequency while emitting the utterance 

“sigh”. P35 made a robot say that it was sad, followed by listening with a sad style.  

Fine-tuning styles—Participants also fine-tuned styles to match roles and context. For instance, 

P14 created a healthcare-focused companion robot and fine-tuned its use of the happy and excited 

styles, such as when the robot greeted the user and introduced itself as a “personal healthcare 

companion”, they increased the nodding frequency and intensity from 60% and 70% to 95% and 

99%, respectively. P6 made their robot tell a joke—“want to hear my Owen Wilson impression?”—

followed by a listening action with a customized style so the robot only said the word “wow” 

with frequent repetition (Figure 23).  

These results support two key findings: first, that presenting backchanneling behaviors at a high-

level as “styles” that reflect an overall emotion or disposition was approachable; second, that 

users heavily engaged in customizing styles for their robots throughout the workshop, 

highlighting the importance of user customization of robot backchanneling. 

Authoring Backchanneling Minimally—There were participants who used backchanneling 

minimally, for example, keeping one style throughout a design, such as a robot playing a word 

game while using the same happy style (P30), or making casual conversation (P35, P19). One 

participant achieved a similar effect by simply attaching the happy style to the parent “robot 

dialog” block to control active listening throughout (although this participant, P1, changed the 

speaking styles). Finally, P29 created a companion without any backchanneling, placing styles 

only on robot speech. 

We also noted some appropriation and unexpected use of our interface, for example, by using 

emoticons to alter the robot’s speech (the text-to-speech system pronounced them), and accented 
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characters to fine-tune the robot’s pronunciation of words (P7). Two participants seated 

adjacently designed dialogs that made their robots talk to each other and listen for each other’s 

keywords (P19, P34). 

Desire for additional backchanneling customization—Participants identified and shared myriad 

additional features, not already included in the system, that they felt would aid their design 

process or provide more options and control during design of backchanneling. One participant 

wanted additional preset styles to use in certain contexts, e.g., disagreement (P14). Another felt 

the timing options for utterance backchannels could be improved (P11) and thus wanted more 

control over the delay before the robot gives its first utterance, as they felt the robot 

backchanneled too quickly after finishing speech and letting the user begin to speak, which was 

not desirable. Further, many participants mentioned hand movements as a key part of 

backchanneling that they wanted to incorporate in their design (P1, P7, P11, P14, P30). P11 

wanted to add hand movements for expressivity, citing engagement, compassion and more 

“meaningful” interaction. P14 desired to customize the hand movements to match the cultural 

context, or more generally to specify cultural context so the robot’s styles accurately represented 

backchanneling in conversation. For backchanneling customization, P30 asked if they could 

rename their style block so that it could accurately describe their customized style. This 

functionality was not supported by our prototype, so they used the comments feature of Blockly 

to annotate the style block with “not bored!!!” (P30).  

Desire for other authoring tool features—A few participants (P1, P7, P14 and P30) separately 

mentioned wanting branching dialog based on what the user says. Other desired features 

included adjustable delay when checking for keywords before giving up and continuing; support 
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for key phrases in addition to keywords; and in-line placeholder values for speech, giving the 

example “the current time is {now}” (P7). Overall, users desired more controls and features for 

authoring backchanneling and other elements of rich dialog. 

5.4 Discussion 

We found non-expert users to understand backchanneling while designing robot dialog and 

engage thoroughly in authoring backchanneling behaviors throughout the workshop. 

Participants made extensive use of styles, demonstrating ready engagement with the abstraction 

of backchanneling into high level personality design synthesized from the elicitation workshop 

findings. Non-experts’ natural engagement with and creative authoring of backchannel 

behaviors demonstrated that the conceptual model underlying the design (coarse styles with 

optional fine-tuning) aligned with their expectations and supported meaningful use. No 

participant encountered difficulty in applying styles to robot actions, understanding which parts 

of dialog they would affect, or using the style customization menu to specify backchanneling 

behaviors. Our findings illustrate how our interface design and conceptual model, derived from 

our elicitation study, successfully presented customization of backchanneling to users in an 

approachable, understandable manner, and non-experts engaged in customizing their robot 

backchanneling designs using this model. This finding illustrates and supports our design 

recommendation from the elicitation study to Design Dialog Authoring Tools to Include 

Backchanneling (section 3.3.1). 

Users engaged heavily in authoring at the high-level using styles to shape robot behavior. This 

tendency aligns with other work which demonstrated that, for robot behavior authoring, 

“moderate customization without excessive granularity” may lead to better engagement in 



Thesis Advisor  Author 
James E. Young  Samuel R. M. Barrett 

 
 

 73 

authoring tasks [106]. All our users began authoring at a high level, with some remaining at this 

level and others exploring and fine-tuning behaviors. This tendency to engage in a top-down 

manner, creating dialog first with general personality styles, followed by fine-grained 

adjustments to individual backchanneling behaviors, aligns with our findings from the elicitation 

study where participants engaged in authoring robot personalities before crafting and tweaking 

dialog and specific backchanneling behavior. Our participants’ engagement with customizing 

fine-grained backchanneling parameters shows that non-expert users are able and willing to 

fine-tune backchanneling to achieve a desired result. This finding supports our design 

recommendation on granularity to Support Personality-Level Control and Behavior-Level Fine-

Grained Control of backchanneling. 

Our results show how users leveraged our interface and conceptual model to author personalized 

and context-specific backchanneling for robots, for instance, employing different styles when 

authoring humorous, dramatic or sincere dialog designs, or requesting contextual control over 

culture-specific backchanneling behaviors, which aligns with backchanneling literature [15]. 

This result speaks to the importance of flexibility and power in end-user authoring interfaces—

enabling users to author tailored backchanneling behaviors for robot dialog resulted in strong 

engagement and a range of highly specific, creative designs that would have been quite different 

without the nuanced backchanneling style. This matches what we learned in our elicitation study 

and is further reflected in the literature [17, 38, 53]. This finding supports our design 

recommendation to Support Contextual Customizability for authoring robot backchanneling. 

One result we did not anticipate was the degree to which our non-expert users wanted to exercise 

even more control over nuances of robot backchanneling, for instance, including controlling 
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specific timing intervals, authoring hand gestures, fine-tuning robot pronunciation, custom 

names for styles, and dialog branching. This desire for control underscores our finding from the 

elicitation study, that users can—and may want to—exercise a high degree of control over their 

robot backchanneling designs. This finding further supports our elicitation study result that non-

expert users of robot behavior authoring tools may desire to provide exact, specific behaviors 

where needed, which may be difficult to achieve for automatic or predefined behavior 

generation. Thus, these results overall lend support for coarse-to-fine authoring of robot 

backchanneling. Robot behavior authoring tools should consider supporting not only 

backchanneling, but fine-grained control over robot dialog behaviors. 

There are several ways in which our interface could be improved. Participants in our second 

session expressed desire for a cancel button to stop execution, in cases where they had a long 

behavior and wanted to quickly adjust a parameter and play it again without needing to wait. 

This feature would have enabled a faster feedback loop for the rapid and iterative prototyping 

our participants engaged in throughout the workshop. Further, our focus on supporting user 

authoring of backchanneling limited our users to author simple dialogs without branching—a 

feature several users requested. While we leave to future work integration of our model into 

more robust robot dialog authoring tools, our model could be effective in such systems to support 

users to author backchanneling in branching dialog, and authoring contextual expressive speech 

with styles. 

5.4.1 Limitations 

A key limitation with our work, specifically in the final prototype evaluation study, was how we 

explained backchanneling to participants as part of our methodology. While this step was 
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important in earlier studies to help ground and direct users, we realized after the fact that this 

may have primed our participants too strongly toward focusing on backchanneling behaviors. It 

would have been better if we excluded this education, and rather just demonstrated the feature 

itself, to gain a better sense of how naturally participants may gravitate toward these features. 

However, despite this our findings on participant ability and use of the tools are still significant. 

While our findings from the initial elicitation workshops indicated that participants tend to think 

broadly about backchanneling, lending to coarse-grained approaches, in our interface if the user 

wants to create a new preset (e.g., annoyed), they must interact with the fine-grained behavior 

controls to design this behavior. Currently, this prototype interface does not support coarse-

grained customization of “styles”. Future work could investigate high-level customization of 

these styles, so the user can avoid interacting with fine-grained behaviors throughout the 

authoring process. For instance, allow the user to describe a completely new “style” using natural 

language input (evaluated by LLMs and translated to the underlying parameters), or provide a 2-

dimensional graph representing, for example, valence and arousal [84] on which the user selects 

and drags a point to their preferred location, to approximate the desired behavior. 

Further, our prototype interface lacked features that many participants expressed desire for, 

namely branching behaviors. Given our research goal to enable users to author backchanneling, 

we opted to forego branching in the interest of time to focus on providing backchanneling 

customization instead, but more robust behavior authoring tools featuring branching may still 

benefit from our interface design. 
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5.5 Chapter Summary 

In this chapter, we addressed our third research question regarding how to incorporate non-

experts’ mental models of backchanneling into a novel interface design that they can use to 

design robot backchanneling. We demonstrated that our layout and interaction design, 

formulated through elicitation (Chapter 3) and prototyping stages (Chapter 4), successfully 

enabled non-experts to engage in authoring robot backchanneling creatively (RQ3a). We found 

that users engaged with our high-level, personality-based authoring paradigm, while also 

digging deeper to finely tune specific behaviors, creating a variety of backchanneling 

implementations throughout our evaluation workshops (RQ3b). We also noted the limitations of 

our design, including barriers faced by our participants and potential alleviations in future, more 

robust tools (RQ3c). These insights can inform future robot behavior authoring tools that seek 

to enable end users to design rich robot dialog, including backchanneling behaviors. In the next 

chapter, we consider holistically the contributions of this work in all its stages, its limitations, 

and considerations for future work. 
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6 Conclusion 

We designed and presented a novel interface for user authoring of robot backchanneling 

behaviors in dialog, informed by insights from an elicitation study to learn about how non-

experts conceptualize backchanneling, and iterative prototyping through a user-centered design 

process. Our findings demonstrate how users engage with authoring robot backchanneling 

creatively for robot dialog and use a tool to create a range of dialog designs. Further, we 

demonstrate how users leverage both coarse-grained abstractions and fine-grained controls 

while authoring rich robot dialog with backchanneling. Robot behavior authoring tools—

particularly those targeted to non-experts—can leverage our interface design, based on user 

understanding of backchanneling, to support user authoring of these behaviors. 

In this final chapter, we return to our initial research questions (Chapter 1.2) to contextualize our 

contributions with respect to our research goal. We outline recommendations for robot behavior 

authoring tools, based on our findings, to inform future research and development of authoring 

tools that support end-users in creatively designing robot backchanneling or other behaviors. 

We discuss the limitations of our approach and findings and suggest avenues for future work to 

continue in this thread of end-user authoring of robot backchanneling. Following, we close this 

dissertation with a concluding summary. 

6.1 Contributions 

We investigated how to enable non-expert end users of robots to participate in designing robot 

backchanneling. This included engaging non-experts in the topic of backchanneling to 

understand how they conceptualize these behaviors, how they consider backchanneling in the 
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context of robots, and how they approach describing and authoring backchanneling for robots. 

It also included iterative interaction and interface design to identify how we could present 

backchanneling to users such that our authoring tool is compatible with their mental models, 

and an evaluation of our interface design through a workshop study where non-experts designed 

backchanneling hands-on. In this section, we outline our contributions with respect to our 

guiding research questions. 

RQ1: How readily and comfortably do non-experts engage with backchanneling conceptually? 

Through our elicitation workshop study (Chapter 3), we uncovered that non-experts readily 

understand backchanneling concepts, the impacts and importance of backchanneling for human 

conversations, and how backchanneling could apply to human-robot dialog. Non-experts readily 

understand a range of behaviors and modalities, and consider backchanneling to be an important 

component of both dialog and individual personality. When asked to brainstorm backchanneling 

behaviors, non-experts may consider behavior beyond the strict and specific boundaries of what 

is considered ‘backchanneling’, taking a more holistic view of dialog behavior. 

RQ2: How might non-experts describe backchanneling elements of robot dialog? 

When describing robot backchanneling in our elicitation workshops, non-experts frequently 

employ human characteristics to illustrate behavior. Most commonly, we observed these 

descriptions to rely on components of human personality, such as a “shy” or “encouraging” robot, 

though non-experts also employed emotions (e.g., “happy”) and supportive behaviors 

(“attentively listening”) in their descriptions. Non-experts also described individual 

backchanneling behaviors at a more granular level, and understand how to engage in authoring 

these individual, fine-grained behaviors. 
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RQ3: How do we incorporate non-expert user mental models of robot backchanneling into the design 

of a novel interface for authoring robot backchanneling behavior? 

Through our iterative prototyping and user testing (Chapter 4) and evaluation study (Chapter 5), 

we uncovered that using coarse-grained personality styles to describe overall robot 

backchanneling behavior was compatible with how our non-expert participants conceptualized 

robot backchanneling, and supported their successful authoring of these behaviors. 

Incorporating styles into the approachable block-based programming paradigm—by letting users 

append styles to any part of dialog—enabled users to quickly experiment with applying different 

styles to their dialogs, and to quickly edit or remove styles as they saw fit. This interaction design 

leverages a combination of our novel understanding of user mental models and an empirical, 

intuitive user interface to support non-experts in prototyping rich robot dialogs with 

backchanneling. 

Given our findings that non-experts also understand and engage individual behaviors, providing 

fine-grained control complemented the styles approach by giving non-experts the ability to 

engage backchanneling in a granular fashion. In our evaluation study, participants explored and 

utilized both coarse- and fine-grained controls to creatively author robot backchanneling. 

Through our multi-phased approach, we addressed our research questions proposed in Chapter 

1.2. The sum of this work gives us an understanding of how non-experts conceptualize and 

engage with robot backchanneling, and how we can design interactions and interfaces that 

enable their participation and support their creativity in authoring robot backchanneling. We 

turn now to recommendations for robot behavior authoring tools going forward. 
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6.2 Recommendations 

Based on our elicitation study, we synthesized a set of design recommendations for researchers 

and designers of robot behavior authoring tools to consider (Chapter 3.4). Considering all phases 

of this work and their outcomes holistically, we present the following abbreviated and 

encompassing recommendations as an overarching message to system designers: 

1. Design Dialog Authoring Tools to Include Backchanneling 

We found that non-expert end users of robot authoring tools understand and engage with 

backchanneling and apply backchanneling to their robot designs. Dialog authoring tools 

should expose backchanneling as an option for users to create rich robot dialog. 

2. Leverage Personality as a Coarse-grained Means of Authoring Backchanneling 

An overwhelming success of our interface design revolved around our presentation of 

backchanneling behaviors as personality ‘styles’, which mapped neatly to non-expert 

mental models of backchanneling and was effectively employed in their authoring. 

Personality may be used to describe backchanneling or, as explored by our participants, 

many facets of robot behavior. 

3. Give End-users Granular Authoring Controls for Robot Behaviors 

Many of our participants authored backchanneling using a combination of personality 

and adjustments of individual behaviors. Based on our results, non-experts are not afraid 

to engage individual behaviors when authoring robot backchanneling, and may prefer 

this level of access and control over the robot’s ultimate behavior. 
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6.3 Limitations 

Our work possesses key limitations that future work should consider. First, our explanation of 

backchanneling to participants in the design workshops (prototype evaluation) may have primed 

them toward authoring certain behaviors or to focus on backchanneling. While in our elicitation 

workshops, explaining backchanneling helped ground participants’ knowledge and guide their 

brainstorming and exploration (after an unprimed task to first elicit natural perceptions and 

awarenesses), we acknowledge that maintaining this step for the design workshop may have 

affected authoring results. However, our findings on participant ability to engage in creative 

authoring using our interface design are still significant. 

Second, the nature of our user participation limits our ability to reflect on real world use. Our 

users were voluntary research participants who were compensated, and thus not necessarily 

intrinsically motivated in the manner an eventual real-world user may be. While our focus was 

on achieving an interface design that successfully leveraged user mental models and enabled 

them to create, future work is required to assess how such an interface design (or any manner 

of end-user creation for backchanneling) is used naturally in real world scenarios. 

Further, while our participatory methodology prioritized including participants in multiple 

phases of the work to emphasize a focus on their mental models throughout the entire design 

process, including participants in multiple phases likely affected the results of our evaluation 

from the design workshop. Many participants in this final workshop—although happy to 

participate in such iterative research where they witnessed their designs come to life—had 

received our training on backchanneling behaviors in prior sessions, limiting our ability to reflect 
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on naïve learnability. Future work could evaluate tools for authoring backchanneling on 

completely inexperienced users to address any potential gaps left by our methodology. 

Finally, we note technical limitations arising from our focus on enabling participants to author 

backchanneling using mechanisms that align with their mental models. Our prototype was 

incomplete and lacked the polish of a commercial tool, making it difficult to examine real, natural 

use given its current limitations. For instance, our prototype lacked conditional branching—a key 

feature of authoring tools that was also highly requested by our participants. Further, 

participants were required to manipulate the granular behavior controls to create new 

personality styles, which runs counter to our focus on letting the user engage at whichever layer 

they desired. Future work should incorporate authoring backchanneling as a component of 

personality in more robust authoring tools. 

6.4 Conclusion 

We present a novel interface for end users to intuitively and creatively author robot 

backchanneling. Through an iterative, participatory, user-centered design process, we discovered 

that non-expert end users intuitively understand robot backchanneling and readily engage in 

authoring these behaviors to create customized human-robot dialog. Our work demonstrates the 

range of possibilities when end-user participation in authoring rich, nuanced robot behaviors is 

enabled by leveraging the mental models of non-experts in interface design. We hope that our 

insights inform future user-centered design of robot behavior authoring tools to support user 

creation and personalization of rich and nuanced dialog behaviors. 
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Appendices 

Appendix A: Elicitation Workshop Study 

A.1 Recruitment Poster 
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A.2 Recruitment Email Template 

Variants of this email template were used for all studies. 
 
Hello <name>, 
 
My name is Sam and I will be your primary contact for communication about our study. Thank you for 
being interested in this study. By being a part of this research, you will help us learn about how people think 
about talking robots and how we could design a tool for anyone to create a robot’s talking behaviours. 
 
In this email we will provide you with detailed information about the study, please feel free to ask any 
questions you may have. 
 
First, we’d like to be clear that this study is not a test. You will not be evaluated nor scored for any sort of 
performance, rather, we are looking to gain insight into how people think about robots, to learn from you 
and develop ideas for how we can make better ways of designing robots. 
 
If you choose to participate, you will attend a workshop located on the University of Manitoba’s Fort Garry 
campus with 5 to 9 other participants, myself, and an assistant moderator. The session will be scheduled for 
2 hours. Here’s an overview of what will happen in the session: 
 
We will start the session with refreshments and an introduction from myself, and a quick icebreaker activity. 
Then, we will learn about robots that talk, including a video demonstration of a talking robot. We will do a 
few activities in small groups that involve thinking about talking robots. Then, using paper, markers, and 
other basic crafting supplies, you will do an activity to think about how you might make a robot talk in the 
way you desire. At the end, we will have a quick discussion about our thoughts on talking robots. 
 
Our study is designed for anyone who is interested in robots. You do not need to have any technical, robotic, 
or computer skills or experience to participate in this study. 
 
Please note that we will not force anyone to speak or share their thoughts at any time, we welcome you to 
share your ideas only if you feel comfortable doing so. 
 
Additionally, please find attached an Informed Consent Form detailing more information about the study. If 
you have any questions at any time, please reach out to us at this email. If you decide to participate, you will 
be given a copy of this Informed Consent Form to sign upon your arrival at the workshop. 
 
In appreciation of your time, you will receive a cash honorarium of $35 during the session. 
 
If you would like to participate in this study, please reply to this email letting us know, and choose 2 or 3 of 
the following dates and times that work for you. We will do our best to match you to your preferred time. 
 
Available times: 
 
<a list of times: day of week, month, date, time> 
 
Thank you for your time, 
 
<researcher sign-off> 
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A.3 Informed Consent Form 
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A.4 Demographic Questionnaire 
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A.5 Elicitation Workshop Protocol Script 

Overview script for opening and closing the workshop, including informed consent process. 
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Following is the script for the remainder of the workshop (tasks). 
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A.6 Authoring Worksheets 
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Appendix B: Formative Paper Prototype Evaluation 

B.1 Informed Consent Form 
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B.2 Formative Paper Prototyping Protocol Script 
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B.3 Task Instruction Script 
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Appendix C: Evaluation Workshop 

C.1 Informed Consent Form 
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C.2 Evaluation Workshop Protocol Script 
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