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A B S T R A C T

Virtual learning companions, or pedagogical agents situated as ‘‘near peers’’, have shown great promise for
supporting learning, but little is known about their potential to scaffold other practices, such as collaboration.
We report on the development and evaluation of a first-of-their-kind pair of virtual learning companions,
designed to model good collaborative practices for dyads of elementary school learners, that are integrated
within a block-based coding environment. Results from a study with fifteen dyads of children indicate that the
learning companions fostered more higher-order questions and promoted significantly higher computer science
attitude scores than a control condition. Qualitative analyses revealed that most children perceived the virtual
learning companions as helpful, felt that the companions changed their interaction with their partners, and
wanted to have the companions in their future work. These results highlight the potential for virtual learning
companions to scaffold collaboration between young learners and provide direction for future investigation on
the role that near-peer agents play in collaborative and task support.
1. Introduction

Children need to develop collaborative learning skills early in
their lives in order to learn diquote problem-solving perspectives and
integrate multiple viewpoints to create a joint solution to a prob-
lem (Wegerif, Mercer, & Major, 2019). However, many school ex-
periences do not scaffold or support young learners’ collaborative
practices (Mercer & Howe, 2012), and in a traditional learning setting,
young learners may not perform productive collaboration practices
such as asking higher-level questions and sharing ideas (Nystrand, Wu,
Gamoran, Zeiser, & Long, 2003). Previous research emphasizes the
importance of creating engaging opportunities for learners to practice
these essential collaborative skills (Deiglmayr & Spada, 2010; Mercer,
Wegerif, & Dawes, 1999; Alaimi, Law, Pantasdo, Oudeyer, & Sauzeon,
2020; Fagerlund, Vesisenaho, & Häkkinen, 2022).

Virtual agents may be one way of scaffolding children’s collabo-
rative skills. They provide engaging and fun learning experiences for
children (Ceha & Law, 2022; Paranjape, Ge, Bai, Hammer, & Cassell,
2018) that promote learning and social skills in a variety of domains
for children such as algebra education (Lopes et al., 2019), AI educa-
tion (Yu et al., 2019), language learning (Kim, 2019; Joaquim, Bitten-
court, de Amorim Silva, Espinheira, & Reis, 2022; Baker et al., 2021)
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and storytelling (Pires, Alves-Oliveira, Arriaga, & Martinho, 2017).
In these learning environments, virtual agents hold many different
roles, sometimes as authority characters (tutors or mentors) (Graesser,
Forsyth, & Lehman, 2017; Han et al., 2021), but a particular type of
virtual agent, referred to as virtual learning companions, are designed
as near-peers to the learners and have been shown to provide partic-
ularly relatable social support (Chou, Chan, & Lin, 2003; Chen, Liao,
Chien, & Chan, 2011; Kumar & Rosé, 2014; Schroeder & Gotch, 2015).
While there is clear potential for virtual learning companions to model
productive collaborative talk for children, whether these agents can
achieve that potential has been an open question, in large part
because research with older learners demonstrated that sometimes the
agents’ behavior would ‘‘backfire’’, resulting in the opposite of the
desired behaviors or abuse toward the agents (Garner, Brown, Sanders,
& Menke, 1992; Schroeder & Gotch, 2015).

This paper reports on the results of a multi-year design, develop-
ment, and iterative refinement effort in which virtual learning com-
panions were integrated into a block-based coding environment for
upper elementary school learners (4th and 5th grades, typically ages
9–11). These virtual learning companions model productive collabora-
tive talk, specifically exploratory talk, in which learners critically and
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Fig. 1. Virtual learning companions integrated within a block-based coding environment, where the agents model productive collaborative talk to dyads of human learners.
constructively engage with each other’s ideas to form a shared under-
standing (Mercer, 2002). The agents model this behavior by presenting
their own experience working on the same task and explaining they
solved the problem by sharing their thoughts, listening to their partner,
and constructively challenging their partner’s ideas. We examine the
extent to which these virtual learning companions influence learners’
productive collaborative talk, and in particular, we investigate the
following research questions:

RQ1: In what ways do virtual learning companions who model ex-
ploratory talk influence the collaborative dialogue of upper elementary
learners as they collaboratively code?

RQ2: What is the impact of virtual learning companions that model
exploratory talk on learners’ knowledge gain and attitudes toward
computer science?

RQ3: What design implications emerge from learners’ feedback on
the learning companions?

To investigate these questions we conducted a two-condition study
over six 45-minute classroom periods in elementary school classrooms
in which children engaged in pair programming within a block-based
programming environment, as shown in Fig. 1. Pair programming,
which will be explained more extensively in Section 2.3, consists of
two students working together on one computer to complete a coding
task. The treatment condition included near-peer learning companions
who modeled productive collaborative behavior, while the control
condition did not include learning companions. Results of dialogue
analysis indicate that children in the treatment condition asked each
other more higher-order questions, an important component of ex-
ploratory talk. Furthermore, analysis of the post-surveys indicated that
the virtual learning companions fostered more positive attitudes toward
computer science compared to the control condition. This paper details
those findings and examines excerpts from children’s dialogue that
illustrate the impact of the virtual learning companions on children’s
interactions. Moreover, we analyze the children’s posthoc open-ended
feedback on the agents and discuss design implications arising from
that feedback when taken in context with the study’s findings.

This paper makes the following novel contributions. Foremost, we
report on the development of the FLECKS virtual learning companions
that were designed and iteratively refined over the course of multiple
classroom studies that included participatory design and children-in-
the-loop feedback. Then, we present a deep analysis of children’s
dialogues during collaborative coding, using a novel dialogue annota-
tion scheme derived from collaborative learning theory. Finally, this
work provides novel results establishing virtual learning companions’
potential for scaffolding children’s collaborative practices and provides
directions for much-needed future investigation on virtual learning
companions’ interactions with young learners.
2

2. Background and related work

This section begins by presenting the exploratory talk framework,
which has been long studied in collaborative learning research and
forms the theoretical foundation for the learning companions’ collab-
orative talk. We then move on to describe related work on virtual
learning companions for elementary school children, and finally, we
describe the collaborative framework of pair programming, which we
utilized in the studies reported in Sections 3 and 4.

2.1. Theoretical foundation: Exploratory talk

This work builds upon the theoretical foundation of exploratory
talk, which is focused on the sharing of learners’ partial understandings,
and on thoughtful listening to the thoughts of their partner (Mer-
cer, 2002). Communicating in this way requires a certain level of
rapport, as each learner is opening their incomplete understanding
to criticism from their partner (Barnes, 2008). Productive criticism
can come in the form of higher-order questions; in fact, a hallmark
of productive exploratory talk is learners engaging in higher-order
questioning (T’Sas, 2018). Exploratory talk can expand the joint Zone of
Proximal Development (Vygotsky & Cole, 1978) of a dyad by enabling
partners to achieve a better mutual understanding of the problem (Fer-
nández, Wegerif, Mercer, & Rojas-Drummond, 2015), in part through
questioning and substantive responses, because through effective com-
munication strategies and exploratory talk, learners can mutually sup-
port each other’s progress and scaffold each others learning (Sylvia
Rojas-Drummond, 2003). Dialogue processes within exploratory talk
have been shown to support learning, such as the process of jus-
tification, which has proved beneficial for both children’s learning
outcomes (Wegerif & Dawes, 1998) and improving problem-solving
capacity (Rojas-Drummond & Zapata, 2004). Exploratory talk needs
to be explicitly modeled, as most children do not naturally engage in
productive collaborative dialogue (Boyd & Kong, 2017), and it has been
shown that collaborative dialogue is more productive than children
learning individually (Tenenbaum, Winstone, Leman, & Avery, 2020).

2.2. Virtual learning companions for elementary school learners

A virtual learning companion, first introduced as a new class of
intelligent tutoring system in 1988 (Chan & Baskin, 1988), is a system
in which a computer acts not only as an educational agent but also plays
the role of companion, grounded in the theory that individual cognitive
development is influenced by social interactions or in collaboration
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with peers (Vygotsky, 1978). Over decades of development in this line
of research, learning companions have shown significant potential for
supporting learners, demonstrating impacts such as enhancing learners’
engagement and motivation (Hsu, Chou, Chen, Wang, & Chan, 2007)
and promoting learners’ empathy (Kim, Baylor, & Shen, 2007).

Virtual learning companions designed for children have demon-
strated that they can facilitate learning. Ryokai, Vaucelle, and Cassell
(2003) developed a virtual learning companion to help young children
to learn how to read and write. The virtual companion played the role
of a learning partner in the context of telling stories with children. The
virtual learning companion would tell her own stories and use non-
verbal gestures to engage the children (e.g., occasionally looking up
at the viewer to interest the children in the story). The results with
31 early elementary school-aged girls demonstrated that the virtual
companion could effectively improve children’s literacy learning skills,
as children told stories that more closely resembled the virtual com-
panion’s linguistically advanced stories. In another study, Pires et al.
(2017) developed a virtual learning companion for developing young
children’s creativity. The virtual learning companion simulated idea
generation during a storytelling activity. The results with 20 children
(ages 7–9) showed that the system contributed to the generation of
more ideas by children when they performed learning tasks collabora-
tively with the agent; in addition, the social component of the system
helped children to better express and represent their knowledge and
opinions.

Although these and other learning companions have shown promise
in developing young learners’ literacy and social skills (Han et al.,
2021; Kim, 2019; Joaquim et al., 2022; Baker et al., 2021), there
has been very little work on developing virtual learning companions
for helping young learners develop collaborative practices, such as
interpersonal communication skills, knowledge sharing strategies, and
active participation (Hesse, Care, Buder, Sassenberg, & Griffin, 2015).
Our study aims to fill this gap by developing virtual learning compan-
ions to promote young learners’ collaborative practices by modeling
productive collaborative talk.

2.3. Collaborative framework: Pair programming

In the present work, we conduct elementary school studies in the
context of pair programming, a popular framework for collaborative
learning in computer science (Williams, Wiebe, Yang, Ferzli, & Miller,
2002). In pair programming, two learners work on the programming
task with two different roles: the navigator guides the coding pro-
cess and provides feedback while the driver implements the solutions.
During pair programming, learners switch roles regularly. Pair pro-
gramming with elementary school children has been demonstrated to
have positive effects on problem-solving skills, computer science knowl-
edge, and children’s interest in learning about technology (Calder,
2010; Lai & Yang, 2011). There is a growing body of research on
pair programming with elementary school learners (Zhong, Wang, &
Chen, 2016), but much work remains in order to understand the
collaborative behaviors that emerge during pair programming, and how
these collaborative experiences could be enhanced. Research has also
suggested the need to provide elementary students with guidance and
support during pair programming, as issues of conflict (Tsan et al.,
2021) and equity (Lewis, 2011; Shah, Lewis, & Caires, 2014) may
arise during their collaborative coding tasks. The novel use of virtual
learning companions to support learners in pair programming (i.e., two
agents supporting two children) could enhance collaborative outcomes
and make computer science learning more accessible.
3

3. FLECKS: Collaborative CS learning with intelligent virtual com-
panions

To build a platform to investigate virtual learning companions to
support collaborative coding, we began with the Netsblox program-
ming environment,1 which itself was originally built on the Snap!
block-based coding framework.2 During the initial development of the
LECKS system, we re-designed the layout of Netsblox and repositioned
omponents (e.g., sprite buttons) to create enough space on the screen
o integrate the virtual agents into the environment (Fig. 2). FLECKS
llows users to share projects with other users and to work on the same
ode synchronously.

The virtual learning companions are the central novel feature in the
LECKS learning environment. FLECKS features two virtual learning
ompanions, Viviana and Jeremy, who model exploratory talk by talk-
ng to each other. The virtual learning companions are shown modeling
ollaborative talk in the form of vignettes: brief dialogues between
he agents, sometimes directly addressing the dyad of learners. These
ignettes model intended learner behavior using narrative devices,
ialogue, and body language. The agents switch between static poses
o add interest and emphasis to their dialogue, open their mouths to
peak, and look at children or at each other, depending on who they are
ddressing. Their spoken dialogue was professionally recorded by voice
ctors, and text captions are provided in color-coded speech bubbles.
he dialogue was collaboratively designed with elementary school chil-
ren, as will be discussed later in this section. The FLECKS environment
ncludes 46 different agent vignettes revolving around Viviana and
eremy learning about the importance of asking ‘‘why’’ (higher-order)
uestions, sharing their ideas with each other, and listening to each
ther’s suggestions (Fig. 3). In the studies reported here, the timing of
gent vignettes was controlled through a Wizard of Oz approach, which
s detailed in Section 4.1.

.1. Iterative design process

To design the agents’ appearance, dialogue, and behavior, we
orked with multiple groups of children using an iterative process. This

ection briefly reviews the series of interview and participatory design
tudies we conducted over a three-year period (Fig. 4).

.1.1. Design phase 1: Co-designing graphical representations of agents with
hildren

We conducted three iterative co-design studies with 4th and 5th-
rade learners to develop and refine the initial visual design of the
irtual agents (Fig. 5). We have previously reported on Design Phase
, which began with children’s open sketches and moved toward a
tructured design (Wiggins, Wilkinson, Baigorria, Huang, Boyer, Lynch,

Wiebe, 2019). Design Phase 1 took place over the course of Spring
019.

ser study 1. In the first study, we asked 22 children ages 9–11 to
raw what ‘‘good collaboration’’ looks like on a blank piece of paper
Fig. 5a), and then invited them to label the drawings and explain their
easoning (Wiggins et al., 2019). We performed a thematic analysis
f these artifacts and used our findings to create a drawing scaffold
Fig. 5b), similar to a coloring book page, that had two agents at a
ircular table.

ser study 2. We used this drawing scaffold in a new study with a new
et of elementary learners (38 total, from two classrooms of students
n grades 4 and 5). These learners were asked to draw their own
ollaboration ‘‘buddies’’ on the drawing scaffold (Fig. 5c). Researchers
sed thematic analysis to identify themes around agent appearance,
gent dialogue, and agent surroundings. We then applied these insights
o design the first digital versions of the virtual learning companions
e.g., Fig. 5d).

1 https://netsblox.org/
2 https://snap.berkeley.edu/

https://netsblox.org/
https://snap.berkeley.edu/
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Fig. 2. The FLECKS learning environment, which embeds virtual learning companions (lower right) in the block-based coding environment.
Fig. 3. Virtual learning companion scenes that show Viviana and Jeremy learning the importance of different collaborative practices.
User study 3. The final user study returned to the same learners from
User Study 2, inviting them to evaluate the agents we had designed
based on their drawings. Three pairs of agents were presented, and
4

learners evaluated them along three dimensions: relatability, appeal,
and believability. We asked learners questions, such as ‘‘Can you imag-
ine being friends with these kids?’’, ‘‘Would you want to talk with
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Fig. 4. Phases of virtual learning companion co-design.
Fig. 5. Design Phase 1: Iterative design process of agents’ graphical representation.
these kids?’’, and ‘‘Do these kids look like they could be in your class?’’
Results from this study were synthesized to develop one higher-fidelity
pair of virtual agent designs, shown in Fig. 5e.

3.1.2. Design phase 2: Co-designing agent dialogues and refining agent
personas

In this phase, we worked with children to refine the agents’ move-
ment and co-author the agents’ dialogue. To do this, we conducted two
classroom studies in Fall 2019 followed by a remote study in Fall 2020.
These design activities have not been reported elsewhere.

User study 4. In this study, we presented 21 4th and 5th-grade learners
with preliminary designs of the virtual agents’ animations (Fig. 6)
and asked them what they thought each animation was trying to
convey. We used this feedback to change or repurpose the anima-
tions where necessary so that they could be accurately interpreted by
learners. For example, the ‘‘hand behind neck’’ animation (Fig. 6, Left,
#11) was originally intended as a joyful animation, but children inter-
preted it as expressing embarrassment, so we repurposed the animation
accordingly.
5

User study 5. In this focus group study, we presented a total of 44
learners (all in fourth or fifth grade) with a set of animated vignettes
in which the prototype learning companion agents aimed to model
collaborative talk behaviors. A prominent theme was that learners
found the female agent (Viviana) less approachable compared to the
male agent (Jeremy). To address this, we softened Viviana’s facial
expression (Fig. 7) and more equally distributed the advice-giving
between the two characters’ dialogue. Feedback also guided a shift
away from a diegetic ‘‘flashback’’ format for the vignettes; instead, the
agents’ interactions were set in the present, and their gaze was directed
at the human viewers.

User study 6. Due to the COVID-19 pandemic, this pilot study was
conducted remotely with just two dyads of 5th-grade learners. Children
were taught the pair programming approach (see 2.3) and used this
practice to complete a coding activity in the FLECKS learning environ-
ment, now featuring the revised virtual agents as shown in Fig. 2. The
learners were shown three agent vignettes while they worked: one in
which the agents introduce themselves, and two modeling a kind of
collaborative talk. Overall, learners reported that they liked the agents
and would want to work with them again. While we acknowledged the
limitations of the size of this study, we still used observations from this
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Fig. 6. Keyframes of virtual learning companion gestures and expressions evaluated by the learners in User Study 4.
Fig. 7. From left to right, iterative refinement of Viviana’s eyes, making her brows rounder and her pupils larger in response to children’s feedback.
study to guide refinements to the user interface behavior surrounding
the agents, to develop two new learning activities for the environment,
and to create additional agent dialogues around exploratory talk, in-
cluding the ‘switch roles’ mechanic that appears on the screen after
20 min. Caution should be used in interpreting design outcomes with
this small study.

3.1.3. Design phase 3: Refining agent personas and expanding agent dia-
logues

Phases 1 and 2 led to the design of two agents with distinct per-
sonas: Viviana, an energetic risk-taker who loves to try new things, and
Jeremy, a careful planner who loves solving puzzles. In the third design
phase, over the course of 2021, we expanded the agents’ dialogue
repertoire to model exploratory talk in a variety of ways.

User study 7. We involved a total of 24 fourth and fifth-grade learners
in collaboratively revising the agents’ dialogue in this six-session study.
First, students used the FLECKS learning environment with embedded
virtual agents, featuring the changes and refinements made after Study
6. Then, we led a class-wide discussion eliciting feedback on the agents,
and learners were asked to read the agents’ dialogue aloud, taking the
role of Jeremy or Viviana. Learners were also asked for feedback on
each dialogue using an online survey, including an item that asked
them to rewrite the lines themselves, with the goal of making the
dialogue sound more natural for their age group. Fig. 8 shows an
example of the revisions we made to the agents’ dialogue following the
study. Some learners suggested including more humor in the dialogues,
and others requested functionality beyond what we intended to build
with these learning companions, such as providing help with coding
if learners found themselves stuck. Negative feedback about Viviana,
which had been prevalent in previous studies, was not observed in these
results. The analysis also suggested that we had successfully positioned
Jeremy and Viviana as knowledgeable coders.
6

User study 8. In preparation for our final evaluation study, we piloted
a Wizard-of-Oz study design (Riek, 2012), where trained researchers
(wizards) remotely observed the children’s collaboration, selected ap-
propriate vignettes, and delivered them at appropriate moments. Wiz-
ards were shown a live video feed of the learners themselves from
the learners’ built-in laptop camera and a live stream of their work
on the laptop’s screen. This was piloted in two 5th-grade classrooms.
We also piloted a control condition (with identical learning activities
and environment, but no virtual agents) in another two classrooms. In
Study 8, data showed that learners followed the wizards’ suggestions
approximately 30% of the time and that the likelihood of learners
following the suggestions varied greatly depending on the context
(e.g., they were less likely to mimic the collaborative practices pre-
sented if the students were arguing with each other when the message
was sent) (Wiggins, Earle-Randell, Bounajim, Ma, Ruiz, Liu, Celepkolu,
Israel, Wiebe, Lynch, & Boyer, 2022). Wizards observed that children
seemed to imitate exploratory talk behaviors more often when dia-
logues included a direct ‘‘call to action’’, so we introduced more of
these in the final prototype. In keeping with the agents’ positionality
as near-peers, not authority figures, these calls to action were phrased
as friendly suggestions, such as: ‘‘So why not try and share your ideas?’’,
and: ‘‘Don’t be afraid to ask ‘why’ to your partner! It’ll help you understand
things!’’.

3.2. Learning companions in final study

By the end of this three-year design process, we had created a pair of
animated virtual learning companion agents with a total of 27 dialogue
vignettes designed to support the learners’ collaborative practices. To
avoid repetition, multiple vignettes were written for many goals, and
for some goals, such as ‘‘Hint’’, unique vignettes had to be written for
each learning task (Fig. 9).
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Fig. 8. Example of humorous agent dialogue vignettes.
4. Quasi-experimental study design and resulting data

After designing and refining the agents as described above in Studies
1 through 8, we moved on to conduct a quasi-experimental study
to investigate the impacts of the virtual learning companions on the
collaboration of elementary school learners. We designed this study to
answer the following research questions:

RQ1: In what ways do virtual learning companions who model ex-
ploratory talk influence the collaborative dialogue of upper elementary
learners as they collaboratively code?

RQ2: What is the impact of virtual learning companions that model
exploratory talk on learners’ knowledge gain and attitudes toward
computer science?

RQ3: What design implications emerge from learners’ feedback on
the learning companions?

4.1. Wizard of Oz protocol

Using the interface shown in Fig. 10, six researchers acted as
wizards (three of which are co-authors) by navigating a decision tree
based on the behavior they observed the children make. The use of
multiple wizards was necessary in order to simultaneously support
multiple dyads. Every 3–6 min, they chose an appropriate vignette for
the virtual learning companions to present. Wizards were trained on
video data of elementary computer science learner dyads collected in
prior studies and through mock learner dialogue, where they watched
clips and collectively discussed what wizarded moves should be taken.
Following this, they met to collectively agree upon the set of child
behavioral and dialogue cues that would guide the selection of each
‘‘class’’ of vignette in order to reduce variability between the wizards,
which was included on the interface in the ‘‘what to look for’’ section.
(Wizards would select a dialogue goal, and FLECKS would automati-
cally send one of the associated vignettes, as described in Section 3.2).
7

The team then developed a decision tree to guide the selection of a
vignette class based on these behavioral and dialogue cues, and this
tree formed the structure of the wizard interface. During the study,
each wizard connected via Zoom to one pair of children in each of the
two classes (morning and afternoon). As they supported the learners,
wizards were in contact with one another and with onsite facilitators
via instant messaging. After each session, wizards were prompted to
answer discussion questions about their experience: (1) How did your
session go? (2) What are some things you wish you could have said but
could not? (3) Were there any undesired collaborative behaviors that you
wished you could have commented on?

4.2. Participants

The study was conducted with 4th-grade learners in three different
classrooms in a rural elementary school in the Spring of 2022 in the
southeastern United States. The school’s student body was approxi-
mately 72% White/Caucasian, 15% Hispanic/Latinx, 9% Black/African
American, 4% multiracial, and 1% other. The school served a large
percentage of economically disadvantaged learners, with 74% of the
student body eligible for free or reduced meals.

Before beginning the study, we obtained Institutional Review Board
(IRB) approval to implement the study with children, and parents were
given consent forms with details of the study procedures. We also
verbally explained the study’s purpose to the children and asked for
verbal assent before collecting their data for research purposes. All
the children (consenting or non-consenting) participated in the same
learning activities as a part of their class activities, but we collected
data only from the children with written parental consent and learner
assent. Out of the 80 children in three different classes, 59 learners
provided assent and parental consent. Of those 59, 33 were female, 19
were male, and 7 preferred not to report their gender. The mean age
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Fig. 9. List of goals that shows the number of dialogue vignettes per goal, and examples of the agent dialogues.
Fig. 10. Interface used by wizards to adaptively select agent vignettes.
was 9.29, with ages ranging from 8 to 12. In response to the question,
‘‘Have you ever done any computer science, programming, or coding?’’,
18.6% of learners reported prior coding experience (e.g., code.org,
Scratch) before the first day of the study.

4.3. Elementary classroom study procedure

The quasi-experimental study was designed with a treatment condi-
tion (with virtual learning companions) with 20 dyads and a control
condition (identical coding interface without virtual learning com-
panions) with 10 dyads. In the control condition, children worked
in pairs to program after being instructed on the pair programming
paradigm, switching roles between driver and navigator after 20 min.
In the treatment condition, dyads of children were given the same
instruction as the control condition, and they were joined by the virtual
learning companions. We implemented the study over six 45-minute
class periods:

• Day 1 consisted of a pre-data collection with survey items cover-
ing demographics, CS attitudes (where learners stated their level
8

of agreement with statements like ‘‘I would like to use coding
to make something new’’ and ‘‘I believe I can be successful in
coding’’) (Vandenberg, Rachmatullah, Lynch, Boyer, & Wiebe,
2021), and questions from the CS Concepts Assessment (Vanden-
berg, Rachmatullah, Lynch, Boyer, & Wiebe, 2021) followed by an
introduction to block-based programming using Blockly games.3

• On Day 2, children were introduced to the FLECKS block-based
programming interface and learned fundamental block-based pro-
gramming and debugging skills.

• On Day 3, learners were paired randomly and would work in
these pairs for Days 3, 4, and 5. Non-consenting students were
paired with one another and no data was collected from these
pairs; a subset of learners with special needs were paired in
advance by the teacher, still matched by consent status. Pairs
of learners used the pair programming paradigm to work on
the first coding task (Fig. 11). Coding tasks were the same in

3 https://blockly.games/

https://blockly.games/
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Fig. 11. Elementary learners working together using the pair programming paradigm
during the classroom study.

both conditions across all days of the study. On this day the
task drew on coding concepts such as program flow and func-
tion parameters. In the treatment condition, Jeremy and Viviana
appeared and introduced themselves for the first time on this
day. Next, a vignette about the benefits of asking higher-level
questions, such as ‘‘why’’ questions, was played automatically
at the start of the activity. Then, students began working on the
coding task, while the wizards, based on their observations of
students’ behavior, periodically chose dialogues for the learning
companions to deliver. These dialogues were iteratively refined
with learners, as detailed in Section 3.1. Wizards provided this
support on Days 3, 4, and 5.

• The Day 4 coding activity employed coding concepts such as
program flow, function parameters, and loops. The treatment
condition’s session began with a learning companion vignette
modeling the importance of sharing ideas with each other and
was interspersed with wizard-selected dialogues.

• The Day 5 activity introduced the coding concept of conditionals
and continued to draw on program flow and loops. The treatment
condition’s session began with a learning companion vignette
modeling the importance of listening to one another and was
interspersed with wizard-selected dialogues.

• On Day 6, learners completed identical CS Attitudes and CS
Concepts Assessment survey items from Day 1, as well as a post-
survey further addressing computer science attitudes and their
learning experience.

4.4. Dataset of children’s collaborative dialogue

In this paper, we analyze data from Day 4 of the six-day study.
Day 4 was the second day of project work, and in the treatment
condition, Day 4 was the second of the three days (Days 3–5) when
the virtual learning companions were present. We selected this day
because the largest number of dyads were present and had video
recordings available on Day 4 (see Table 1, and the learners had also
settled into their dyads and were familiar with the agents by this point.
9

Table 1
Consenting dyads present per day with audio and video recordings.

Condition Dyads on Day 3 Dyads on Day 4 Dyads on Day 5

Treatment 9 10 9
Control 4 5 4

Out of the 25 consenting dyads, 15 were present on Day 4 and had
video and audio recordings of their collaboration. The video and audio
recordings were manually transcribed and prepared for tagging. The
wizards delivered 105 total agent vignettes on Day 4, with a mean of
5.83 (sd = 4.22) vignettes per dyad. On average, each dyad had 269
turns of collaborative talk with each other.

4.5. Dialogue act tagging

After collecting the corpus of data, we conducted a dialogue act
analysis, which emerged from the field of sociolinguistics (Austin, 1975)
and has been deeply investigated by dialogue researchers and compu-
tational linguists (Core & Allen, 1997; Stolcke et al., 2000; Raheja &
Tetreault, 2019). In dialogue act analysis, researchers label a dialogue
corpus with a dialogue act taxonomy, typically one constructed for the
specific corpus and the research goals based on theory and prior rele-
vant taxonomies. This methodology is used to label dialogue utterances
with the intent or pragmatic function underlying them.

Our dialogue act taxonomy draws upon the exploratory talk frame-
work (Mercer, 2002) and upon a closely related dialogue act taxonomy
by Zakaria et al. (2022) that was designed for elementary school
learners’ classroom dialogues. We modified Zakaria et al.’s dialogue
act scheme to isolate the exploratory talk moves. This meant collaps-
ing some of the dialogue act tags (e.g., combining ‘‘Self-Explanation’’
with ‘‘Justification’’, and ‘‘Suggestion’’ with ‘‘Alternative Idea’’). It also
required adding a tag to capture utterances directed at the agents,
separating them from utterances meant for the human partner. The
final dialogue act scheme is shown in Table 2.

To establish reliability of the dialogue act labeling, two annotators
first engaged in a training phase where they collaboratively applied the
dialogue act taxonomy and discussed any disagreements. Once training
was complete, they independently tagged an overlapping 20% of the
data, reaching a Cohen’s kappa score of 0.816, a strong agreement (Lan-
dis & Koch, 1977). They then proceeded to divide and tag the remaining
data independently. This effort resulted in 4039 total tagged dialogue
acts.

5. Results

In this section we examine differences that appeared across con-
ditions in learner dialogue, then differences in learning outcomes
(i.e., learning gain and computer science attitude improvements), and
finally we present a thematic analysis of learner feedback on the virtual
learning companions.

5.1. Virtual learning companions’ influence on learner exploratory talk

RQ1 asks, In what ways do virtual learning companions who model
exploratory talk influence the collaborative dialogue of upper elemen-
tary learners as they collaboratively code? We investigate this question
through dialogue act analysis, which has been successfully used to en-
code a diquote range of dialogues related to learning, with very recent
work capturing learners’ metacognitive moves (Bosch et al., 2021), and
how learners exchange ideas with peers as they co-creatively write
code for computational music remixing (Katuka et al., 2022). We use
dialogue act analysis to annotate exploratory talk moves that occurred
while learners were pair programming.

Once the dialogue acts were annotated, we compared the counts

of each dialogue act between the treatment and control condition
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Table 2
Dialogue act schema.

Tag Description Example Combined % Treatment % Control %

Question -
Higher-order

Asks a why question or a question that
challenges a partner’s idea.

‘‘Why is he moving like that?’’
‘‘What happens if you keep it that way?’’

1.2% 1.5% .004%

Question - Other Asks anything other than a why question ‘‘What does that block do?’’ 11.3% 10.7% 12.4%

Agreement /
Acknowledgement

Agreement on any opinion/edit ‘‘Looks good’’
‘‘Good job’’
‘‘ok’’

11.1% 10.6% 12.1%

Disagreement /
Negative Feedback

Disagreement on any opinion/edit ‘‘No no no’’
‘‘That is wrong’’

6.5% 6.5% 6.4%

Self-Explanation /
Justification

Explain the steps they are taking, or
thoughts

‘‘Now we can put this here to make it
happen twice’’
‘‘I did that because of how slow it is’’

12.6% 13.7% 10.3%

Disagreement with
Justification

Disagrees but provides reasoning ‘‘No, that won’t work because
it needs to go in a square.’’

0.38% 0.3% 0.5%

Directive Telling partner to do something ‘‘Give me the keyboard’’
‘‘Click that one’’

8.0% 7.7% 8.8%

Suggestion /Alternative
Idea

Any suggestions when directly
talking to partner.
(Leaving wiggle room)

‘‘Maybe we should put
two of those’’
‘‘How about doubling that?’’

10.7% 11.3% 9.5%

Seeking Help Learner directly or indirectly seeking
help from partner

‘‘I’m confused’’
‘‘IDK’’

3.3% 3.2% 3.5%

Antagonistic Action Actions or interactions that cause tension
including harmful comments, instigating
fights,
prodding, putting down partner
contributions,
and showing annoyance with partner

‘‘You are being ridiculous’’
‘‘Stupid’’
‘‘You don’t know anything’’

1.6% 1.7% 1.3%

Social Social dialogue ‘‘Did you hear about James?’’
‘‘I love your pencil’’
[Quoting meme]
‘‘Thank you’’

13.3% 13.1% 13.5%

Directed at Agents It was said to the agent, not the partner ‘‘Thanks, we know we are great’’ 1.0% 1.5% 0%

Other Something not covered by any of the
other tags

[Reading instructions]
‘‘Turn your volume up.’’,
‘‘Are my headphones working?’’
[Discussion about headphones, sound,
volume]
‘‘Wow, look at it go.’’, ‘‘Well, that was
quick.’’
[Observations and comments on the
activity]

19.2% 18.1% 21.3%
Table 3
Differences in the treatment and control exploratory talk moves.

Treatment
(mean, sd)

Control (mean,
sd)

p-value Benjamini-
Hochberg
critical value

Question -
Higher-order

4.9 (2.33) 1.4 (0.89) 0.0114* Rank 1:
(1/4)*.05 = .0125

Suggestion 37.0 (14.28) 30.8 (10.03) 0.2957 Rank 2:
(2/4)*.05 = .025

Self- Explanation/
Justification

43.6 (14.63) 33.8 (14.72) 0.3272 Rank 3:
(3/4)*.05 = .0375

Total Dialogue 335.6 (123.98) 332.4 (95.97) 0.8065 Rank 4:
(4/4)*.05 = .05
using Wilcoxon ranked-sums tests. Table 3 summarizes the differences
in counts of exploratory talk-related dialogue acts between the two
conditions. Due to several hypotheses being tested, we applied the
Benjamini–Hochberg correction to reduce the false discovery
rate (Thissen, Steinberg, & Kuang, 2002). While the control condition
asked more questions overall, most of these questions were categorized
as other and were not relevant to the task the dyad was working
on. This analysis was conducted to investigate the exploratory talk
moves of the learners, and the results reveal one statistically significant
difference: children asked significantly more higher-order questions in the
treatment condition than in the control condition.
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5.2. Learner knowledge gain and attitudes toward computer science

We next examined the outcomes of the sessions with RQ2: What
is the impact of virtual learning companions that model exploratory talk on
learners’ knowledge gain and attitudes toward computer science? To test for
incoming differences, we conducted the Wilcoxon ranked-sums test on
the pretest (CS Concepts Assessment) and presurvey (CS Attitude) scores,
which measured incoming knowledge and attitudes, respectively. There
was no statistical difference in the pretest score (Treatment: 3.76 (sd =
1.84); Control: 4.92 (sd = 2.18); p = 0.1222), but children in the treat-
ment condition had significantly higher presurvey scores (Treatment:
44.82 (sd = 7.08); Control: 41.31 (sd = 4.03); p = 0.0296*). Since this
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Table 4
Pre/post changes in learners’ CS knowledge and attitudes by experimental condition.

Learning companions No learning companions Between- Subjects
Repeated Measures
p-Value

Pre Post Pre Post

Knowledge
Assessment

3.76
(1.84)

5.00
(1.75)

4.92
(2.18)

4.58
(1.73)

0.676

Attitude
Survey

44.82
(7.08)

47.17
(6.05)

41.31
(4.03)

41.17
(6.91)

0.042*
finding does indicate a difference between the treatment and control
groups that were not accounted for in the two-condition study design,
we control for it using a repeated-measures analysis, specifically the
SPSS toolkit’s repeated-measures, between-subjects design. This uses
the pre-survey scores to account for the extent to which any changes
observed might be attributable to pre-existing differences between
groups. The analysis thereby isolates the extent to which observable
change can be attributed to the independent variable of the condition
(treatment vs. control). Table 4 displays the significant effect that the
learning companions had on CS attitude change.

5.3. Analyzing feedback on virtual learning companion design

Finally, we investigated RQ3: What design implications emerge from
earners’ feedback on the learning companions? To address this question,
two researchers collaboratively coded learners’ open-ended responses
to survey items after their interaction with FLECKS.

We analyzed learner responses to three open-ended questions ad-
ministered at the end of the study: (1) ‘‘How much did Jeremy and
Viviana change your interaction with your partner? In what ways?’’;
(2) ‘‘What do you expect them to do? How can they be more useful?’’;
and (3) ‘‘Would you like to have Jeremy and Viviana for your future
group work? Why?’’ Two researchers collaboratively examined learn-
ers’ responses and performed thematic coding (Kiger & Varpio, 2020).
Five major themes emerged from the feedback:

• Helpful/Friendly. The most consistent remark from learners was
that the agents were helpful to them during their collaborative
learning and generally friendly. 19 out of 32 learners’ feedback
fell into this category with comments such as ‘‘They are helpful’’,
‘‘They are really thoughtful’’, ‘‘They help some and there cool.’’,
or ‘‘I want to be a scientist and they would help me fix some
problems’’.

• Creepy/Annoying. Not all students saw the agents as an aid to their
experiences, with 5 out of 32 learners commenting such things as
‘‘...gives me so much anxiety’’ or ‘‘they are a little creepy’’. During
the interaction with the agents, these learners were also likely to
be vocal about not wanting the agents to join in the conversation
(e.g., sighing when the agents started talking).

• Desire for More Hints. Many learners (20 out of 32) remarked that
the agents should have provided more task-specific support in
the form of hints: ‘‘[the virtual learning companions should] talk
about code. Help with code’’. We deliberately included very little
code-related scaffolding in this iteration of the agents because of
the focus on modeling collaborative skills.

• Supporting Exploratory Talk. Learners also frequently reported that
the agents promoted their team’s use of exploratory talk. 11 out
of 32 reflected, ‘‘They made me share my ideas’’ or ‘‘ask why
questions’’.

• Self-Expression. Some learners (4 out of 32) felt that agents should
have some changes to their design, writing ‘‘I want there hair and
[their] clothes to be cuter’’. Suggestions for variations in hair and
clothes have been common across all studies, such as changing
them from one day of the study to the next or wearing seasonal
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clothes. Learners also suggested that agents should: ‘‘talk to me
when I’m bored’’. More off-task interactivity where the agents
could talk about their lives outside of coding has been a prevalent
suggestion from earlier studies.

6. Discussion and implications

This section discusses the differences in the child dyads’ dialogue,
the computer science attitude differences, areas for improvement when
supporting collaboration, and finally the implications for the design of
virtual learning companions.

6.1. Differences in learner’s dialogue

Learner dyads in the treatment condition asked more higher-order
questions than their counterparts in the control condition (Table 3).
Higher-order questions can take several forms, such as the ‘‘How’’
question demonstrated in Table 5, a dialogue between P1 and P2, and
the ‘‘Why’’ question in Table 6, a dialogue between P3 and P4. Both
excerpts are taken from the treatment condition, in which one of the
learning companions’ first vignettes focuses on asking ‘‘Why’’ questions.

P1 and P2 (Table 5) asked each other one ‘‘Why’’ question on their
first day of collaboration, then asked three on the second day (after
seeing the learning companion vignette on this topic). Table 5’s Excerpt
1 demonstrates P1 and P2 utilizing higher-order questions to come
to a better group understanding of the error that they were currently
facing. P1 and P2 were both male and neither reported prior coding
experience. As described in Section 2, all dyads were pair program-
ming, a practice in which one learner is the Driver (i.e., the learner
controlling the mouse and keyboard) and the other is the Navigator
(i.e., the learner watching and commenting on the Driver’s coding).
Around three minutes before this excerpt, the dyad received a vignette
encouraging them to use more exploratory talk. The two children were
struggling with an error in their code, and P1, who was the Driver, was
verbalizing what he did not understand about the way the code was
working. P2, the Navigator, gestured toward the ‘‘Move’’ block, and P1
was able to explain the cause of the error.

Next, we examine P3 and P4 (Table 6), both girls, one with prior
coding experience. As they were attempting to fix a bug in their code,
they noticed that a sprite was not moving. P3 asked a higher-order
question to P4, who was then able to make a suggestion that would
eventually lead the pair to a viable solution. These children showed
strong collaboration skills by using this question at the start of the
session, so their wizard chose to deliver a praise vignette: ‘‘Nice work
asking why questions to each other!’’

Both of these examples show the potential of higher-order questions
to help children arrive at a mutual understanding of a problem. The
process of asking and attempting to answer higher-order questions has
been shown to improve important skills in learners, such as critical
thinking skills (Renaud & Murray, 2007; Barnett & Francis, 2012).
In exploratory talk, these questions are thought to be a particularly
important component because they engage the learner dyad in critical
thinking while also highlighting areas of confusion or uncertainty (Mer-
cer, 2002). The agents facilitate higher-order question-asking both by
suggesting the use of higher-order questions when learners are reach-
ing moments of uncertainty and by praising learners when they use

higher-order questions.
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Table 5
Excerpt 1, highlighting learners performing an exploratory talk move recently modeled by the virtual learning companions.

Speaker Utterance Dialogue Act

<3 min prior, the virtual learning companions model exploratory talk.> N/A
<P1 and P2 have recently switched driver and navigator roles.> N/A

P1 - Driver Yeah. Okay, so that’s in. Agreement /
Acknowledgement

P1 - Driver That’s how he wanted to do it. Here’s your headphones. Other
P1 - Driver Okay. How are they still moving when you deleted it? Question -

Higher order
P2 - Navigator <gestures toward code> N/A
P1 - Driver What? Question - Other
P1 - Driver Oh my gosh. I’m so- if and- move 10 steps. Self-explanation /

Justification
Table 6
Excerpt 2, highlighting virtual learning companions responding with praise when learners use exploratory talk moves.

Speaker Utterance Dialogue Act

P3 - Driver <S1 is coding while talking> N/A
P3 - Driver So I feel like we should go to control and repeat ever.

So ... motion, correct motion, and then move 10 steps.
Self-explanation /
Justification

P3 - Driver <As S1 is moving mouse towards run button>
Let’s see what Kitty does now. Kitty’s [inaudible].

Self-explanation /
Justification

P3 - Driver <Executes code to see if problem was correct>
P3 - Driver Why isn’t Kitty moving? Question -

Higher order
<The virtual learning companions praise the higher order question> N/A

P3 - Driver Weird. I’m on ... I changed it. That’s weird. Other
P4 - Navigator [inaudible] sprites, and do it to all of them. Suggestion /

Alternative Idea
6.2. Differences in learner computer science attitudes

The results also suggest that the virtual learning companions made
a significant positive impact on self-reported computer science atti-
tudes. Computer science attitudes can be a barrier to participating
or persisting in CS for some children, who report low levels of self-
efficacy and interest in computer science (Schulte & Knobelsdorf, 2007;
Hinckle et al., 2020). Experiences that improve children’s attitudes
about computer science could promote their involvement with the field
in the future. In FLECKS, the virtual learning companions model strong
collaborative practices while reflecting on their own computer science
challenges and eventual successes. Similar improvements in attitudes
and engagement have been seen in studies with other virtual learning
companions (Kim, 2005; Pezzullo et al., 2017).

6.3. Implications for design of virtual learning companions

Through the iterative refinement process and the results of the two-
condition study, this work suggests implications for the design of virtual
learning companions that can effectively support children in productive
collaborative talk.

6.3.1. Near-peer agents can effectively model collaborative talk
Children in the learning companion condition asked significantly

more higher-order questions, a component of effective collaborative
talk, than those in the control condition (Table 3). It is important to
note that while our learning companions did provide support to the
learners, they did not always do so through direct interactions. While
this differentiates our study from virtual agent studies in other domains,
our novel finding is consistent with these other studies in which these
agents positively influenced users’ behaviors (Pires et al., 2017; Olaf-
sson, O’Leary, & Bickmore, 2020). Importantly, the findings suggest
that a near-peer agent approach with upper elementary children may
not ‘‘backfire’’, a phenomenon that has been observed with older users
and which we had recognized as a possible outcome throughout the
project (Garner et al., 1992; Schroeder & Gotch, 2015). However,
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learners also sometimes noted that the agents could be ‘‘annoying’’
or ‘‘creepy’’. These potentially negative interpretations of the agents’
actions should always be considered in order to effectively design
agents that aid more than they distract.

6.3.2. Designing near-peer agents requires extensive iterative refinement
with input from the target users

Regardless of how experienced a design team is with the target
user population, designing agents that ‘‘feel like’’ a peer to a user is
a challenging endeavor. Involving children in this project was crucial
to understand what they desired from a virtual learning companion.
Our iterative design process engaged children in participatory design
through a form of cooperative inquiry (Druin, 1999) and provided
meaningful insight into the minds of our target user population to
help us design agents who felt authentic. With these children playing
the roles of an informant and design partner (Druin, 2002), they
demonstrated that judgments made about whether an agent is ‘‘like
them’’ is based on many factors, including the setting the agent is
drawn in, their clothing, hairstyle, tone of voice, dialogue, and even
details as specific as eye direction, size, and shape. Furthermore, when
designing a dyad of near-peer agents, such as Jeremy and Viviana, it
is also critical to workshop the agents’ interactions with children: Are
the agents interacting like children at the intended age? While it is not
possible to design agents that appeal to every user, an iterative process
in which users are treated as collaborators shows promise to support
the design of agents that children perceive as near peers. A direction
for future work could include further personalization of the agents.

6.3.3. Effectively conveying suggested behavior through a non-authority-
figure agent is a delicate balancing act

When we initially designed the dialogue of the virtual learning
companions, we adhered to a strict principle of non-authority: the
agents did not tell the human children what to do, but rather simply
shared their experiences. We hoped the children would extrapolate to
their own behavior. However, we discovered that the agents had to be
more direct; otherwise, the children did not see the connection to their
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Fig. 12. Highlighted in yellow, the previous dialogue iteration shows indirect modeling of sharing ideas. The rewritten iteration provides a more direct call to action while trying
to avoid authoritative wording.
own work. For example, consider a previous iteration of a dialogue
highlighting the importance of asking ‘‘Why’’ questions:

Viviana: When I come up with an idea, Jeremy asks me: ‘‘Why did you
do that?’’

Jeremy: That’s because we need to ask ‘‘why’’ so we can understand
what we’re doing.

While this was an implied call to action, we later modified the
dialogue to make the intention more direct. As shown in Fig. 12, we
modified Jeremy’s response:

Viviana: When I come up with an idea, Jeremy asks me: ‘‘Why did you
do that?’’

Jeremy: Don’t be afraid to ask ‘‘why’’ to your partner! It’ll help you
understand things!

In another example of a dialogue that we made more direct, ini-
tially, Viviana began with, ‘‘Sometimes I have an idea but Jeremy has
a different one’’, and Jeremy responded, ‘‘It’s great when we share
different ideas’’. Viviana then asserted the main idea: ‘‘It makes our
code better when we *both* share our ideas’’. The revised dialogue
iteration was shortened and made more direct. Viviana initiates with,
‘‘Sometimes I have an idea but Jeremy has a different one. So we try
them both out!’’, and Jeremy replies with a soft call to action: ‘‘Some of
them work and some don’t, but that’s okay! So why not try and share
your ideas?’’

7. Limitations

The current work has several important limitations. First, due to the
repercussions of the COVID-19 pandemic, the sample size in our class-
room study was limited. Null results (such as lack of difference between
conditions in several aspects of dialogue or pre/post comparisons) may
be attributable to a lack of statistical power. Further investigation is
needed to examine these effects and to determine whether the findings
reported here generalize to other populations of children. Second, the
breadth of the agent dialogue library for the current iteration of FLECKS
only supports a few days of project work (after which the vignettes
would become repetitive). It is possible that additional effects will be
observed with longer-term interactions with the learning companions.
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Third, we did not account for children’s prior relationships with one
another when we randomly assigned partners, and these relationships
could have had significant impacts on any given pair’s experience.
Finally, we conducted this study in the context of computer science
learning, and further studies are needed to investigate whether the
effects generalize to different domains.

8. Conclusion and future work

Collaboration between children is a powerful tool for learning, but
productive collaborative skills need to be scaffolded and promoted.
Virtual learning companions provide many opportunities for offer-
ing real-time feedback to children as they collaborate. The findings
reported in this paper show that virtual learning companions can
positively influence children’s collaborative talk. The virtual learn-
ing companions fostered more higher-order questions than a control
condition and supported significantly more positive attitudes toward
computer science.

The results described here point to numerous areas for future work.
One such direction concerns the length of interactions: future work
should investigate the longitudinal effects of learning companions who
are built to engage learners over the course of an academic term or
year. The results presented here also raise the question of where the
role of virtual learning companions should end. It is important to move
toward greater support of domain and task knowledge through intel-
ligent technologies, but providing content-related hints and feedback
breaks the near-peer positionality of a learning companion agent. It
is also important to delve deeper into the dialogue that surrounds
exploratory talk and investigate how learning companions can support
learners’ collaboration using this additional data. Future work should
investigate how best to design domain and task support alongside sup-
port for collaborative talk. By investigating these and related research
directions, we can harness the power of virtual learning companions to
support children in learning to collaborate well.
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