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Practice is essential for learning. However, for many interpersonal skills, there often are not enough opportu-
nities and venues for novices to repeatedly practice. Role-playing simulations offer a promising framework to
advance practice-based professional training for complex communication skills, in fields such as teaching. In
this work, we introduce ELK (Eliciting Learner Knowledge), a role-playing simulation system that helps K-12
teachers develop effective questioning strategies to elicit learners’ prior knowledge. We evaluate ELK with 75
pre-service teachers through a mixed-method study. We find that teachers demonstrate a modest increase
in effective questioning strategies and develop sympathy towards students after using ELK for 3 rounds.
We implement a supplementary activity in ELK in which users evaluate transcripts generated from past
role-play sessions. We have tentative evidence that a combination of role-play and evaluating conversation
moves may be more effective for learning. We contribute design implications of using role-play systems for
communication strategy training.
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1 INTRODUCTION

There are approximately 4.1 million K-12 school teachers in the 2017-2018 school year in the United
States (U.S. Department of Education) [37]. Given their potential to impact the lives of young people,
it is of great importance to support teacher learning and professional development [74]. However,
in the United States, teacher professional learning programs provide insufficient opportunities for
them to practice important skills and judgments [31]. Current teacher training programs consist
primarily of observations and attending lectures or discussions [15, 38, 52, 73]. Teachers have few
opportunities to rehearse and practice teaching. Moreover, feedback is scarce [8, 74], and the focus
is often on evaluating performance rather than improving practice [22, 74].

Eliciting student thinking is a core teaching practice that is useful in many contexts and content
areas [70]. Because effective teaching involves engaging students’ preconceptions and building
on their existing knowledge [9, 41], instructional practices that enable teachers to understand
what students know are essential. Although decades of research has shown that it is essential for
teachers to understand what students know in order to help them learn [3, 17, 68], teacher practice
is still far from satisfactory. Pre-service teachers often regard students’ misconceptions as barriers
to learning, rather than useful starting points for instruction [51].

Current pre-service teaching programs need scale in helping teachers learn necessary skills in
communication, more importantly generating useful questions in eliciting student knowledge. While
seminars, workshops, and peer-classroom observation are the current norm [15, 38, 52, 73], role-
playing simulations allow opportunities for teachers to rehearse and get feedback in a low-stakes
environment. In this work, we use role-play simulations to help K-12 teachers learn to generate
useful questions in eliciting student knowledge and we discuss the implications of technology
design for communication skill training across contexts.

We introduce ELK (Eliciting Learner Knowledge), a role-playing simulation system that offers
virtual sessions in which players can learn and practice discourse strategies on eliciting knowledge
from their conversational partners. After two players join a role-play session, each of them assume
the role of either a “Teacher” or a “Student”, and respectively receive teacher or student profiles.
The two players chat through a text-based interface. The goal of the “Teacher” player is to elicit as
much as possible of the “Student” player’s prior knowledge as indicated in their profile (Figure 1).
Both players take a quiz in the end to assess and reflect on their performance.

We implement a supplementary activity in ELK -“Coding”, where players evaluate authentic
transcripts generated from past role-play sessions. As shown in Figure 4, in this "Coding" activity,
players assign a qualitative code to each line of the transcript, indicating which questioning
move was employed — such as “Telling”, “Evaluating”, or “Probing.” The design of this feature is
motivated by the constraints of role-play simulations and the demonstrated success of evaluation-
type activities in other domains. For example, some role-play activities are found to be overly
challenging and cause performance anxiety in players [32], organizers reported the overhead in
pairing players when it requires multiple people to be present at the same time [16]. On the other
hand, prior work has also demonstrated the strengths of evaluation-type activities for learning. For
example, solving Parsons problems, i.e., evaluating correctness and ordering of coding snippets,
is as effective for learning as writing the equivalent code[20], evaluating the quality of example
survey questions is as effective for learning as writing new survey questions [79]. However, most
of these prior work focuses on conceptual or technical skills that can be learned independently.
We explore the feasibility of employing evaluation-type activities for learning communication
strategies, such as eliciting knowledge from a conversation partner.

We evaluate ELK with 75 pre-service teachers to answer three research questions. First, how
effective is ELK in helping players develop questioning strategies? A mixed-methods approach was
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adopted in answering this question. To assess behavioral change, we look at how much improvement
participants make in questioning moves from the first to the last (third) round of playing ELK. To
assess conceptual and attitude change, we use an in-depth survey asking participants to reflect on
their learning experiences with ELK. Second, does the “Coding” activity help participants develop
questioning strategies? To address this question, we use the “Role-play” activity as the control
condition, and compare their effects on helping users learn questioning moves. We also tease out
the factor of receiving feedback from both conditions, resulting in a 2 by 2 experiment design,
with the first factor being either in the “Role-play” or the “Coding” activity, and the second factor
being whether users receive feedback or not. Third, what are users’ experiences in ELK and what
challenges do they encounter? How can we better design computer-based role-play systems to
make them more engaging and useful? We address this question through an open-ended survey
sent to participants after they use ELK for at least an hour.
Our key contributions include:

e New system: ELK (Eliciting Learner Knowledge), a text-based role-playing system that enables
pre-service teachers to practice questioning moves through simulated “teacher-student”
conversations.

e Evidence of support for learning and sympathy development: An evaluation with 75 pre-
service teachers show participants demonstrate a modest increase in effective questioning
moves after using ELK for three rounds. Our study also provides evidence of conceptual
and attitude change from players. This is the first study to our knowledge that conducts a
thorough evaluation of the educational benefits of a computer-based role-play system, using
both performance and subjective outcome measures.

e Benefits of the “Coding” activity: We show that evaluating authentic transcripts generated
by others is a useful activity in helping participants develop questioning strategies. We have
tentative evidence that a combination of question generation and evaluation practice may
be more effective than question generation practice alone in increasing the use of positive
questioning moves. The “Coding” activity has practical benefits as it can be performed by a
single participant alone, which serves as a viable supplementary activity for online role-play
systems.

e Design implications for role-play systems for communication strategy training: the evaluation
study of ELK reveals prospects and challenges of role-play systems for communication
strategy training across contexts. We summarize the design implications and discuss the
broader application scenarios.

2 RELATED WORK

In this section, we review relevant literature that our work situates in. First, we discuss prior work
that emphasizes the importance of classroom discourse, more specifically eliciting student thinking
for effective teaching. we also describe a framework drawn upon prior work to teach pre-service
teachers how to elicit learner knowledge. Second, we review literature on prior curricula and
technologies for teacher professional development, in particular techniques to support classroom
discourse. Third, we describe relevant social computing systems for skill development, with a focus
on peer-learning and role-play based learning systems. Finally, we review two lines of learning
sciences theories including cognitive load theory and the decomposition of practice. The design of
ELK is guided by existing practices and theories and complements existing literature in providing
scalable practice and rehearsal opportunities for pre-service teachers to learn questioning strategies
through role-play.
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2.1 Eliciting Student Thinking

2.1.1 Importance of Eliciting Student Thinking. We describe two lines of reasoning on why class-
room discourse, and more specifically eliciting student thinking is important. First, it facilitates
multi-directional classroom discourse towards creating a student-centered learning environment.
Second, it helps teachers understand students’ prior knowledge to adjust their instruction towards
more effective teaching and learning.

Conversations are an essential part of teaching and learning, thus researchers and educators
have studied the patterns and nature of discourse in classrooms. The beliefs and practices of the
teacher are important in understanding and guiding the path of the conversation. The typical
pattern of classroom discourse often follows an initiation, response, evaluation (IRE) format [82],
and is mediated almost entirely through the teacher in a unidirectional “univocal” manner [58]. This
pattern of discourse rewards the right answer and limits the amount of student voice and exploration.
A number of strategies have been developed to help educators move towards a multidirectional
“dialogic” pattern of discourse, which gives learners more agency, and also shifts the focus of the
classroom away from the teacher and towards the goals of the students. Simply adding more
questions is not enough, as closed ended “right answer” questions can reinforce the default univocal
format [61].

Eliciting student thinking is a core teaching practice that is useful in many contexts and content
areas [70] In tutoring and teaching situations, understanding what learners know is essential
to helping students learn [17] and has been identified as one of the fundamental activities of
teaching[76]. Understanding common misconceptions that learners may have allows teachers to
address those ideas and leads to better learning outcomes compared to teachers who are unaware
of possible misconceptions [68].

Despite these benefits, pre-service teachers often regard students’ misconceptions as barriers
to learning, rather than useful starting points for instruction[51]. This belief reinforces the one
way transmission of knowledge from teacher to student rather than an exchange of ideas between
teachers and students [45]. Even seasoned teachers often focus on evaluating student work as right
or wrong, rather than understanding student work as evidence of their current understandings
[18]. We aim to address these issues by designing a role-play simulation to help educators both
recognize the importance of eliciting learner knowledge and to learn and practice strategies to
understand what students know.

2.1.2  How to Elicit Learner Knowledge. Prior work has studied effective “talk moves” for teachers
to elicit learner knowledge, such as asking follow-up questions [17, 19, 23, 57]. We developed a
framework for training pre-service teachers on effective questioning moves based on prior work.
The framework contains five categories of questioning moves.

e Priming: preparing the class for learning

o Eliciting: asking questions that reveal learner’s needs

e Probing: asking follow-up questions based on students’ responses

e Evaluating: responding in the positive or negative about students’ answers
o Telling: talking about the topic without listening to the student

Among the five questioning moves, we consider Priming, Eliciting and Probing to be effective
ones in eliciting learner knowledge; and Evaluating and Telling to be ineffective ones for eliciting
knowledge, since they are not optimal for teachers to understand what students know. (Telling and
evaluating may be appropriate in other parts of the teaching sequence, but in the early phases of
eliciting learner knowledge, it is critical to simply understand student thinking before attempting
to “fix” or redirect student thinking.

Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CSCW1, Article 51. Publication date: April 2021.



Practice-Based Teacher Questioning Strategy Training with ELK: A Role-Playing Simulation for Eliciting Learner
Knowledge 51:5

This five-part questioning framework is central to our pedagogical aims and research efforts
with ELK. In implementing ELK in educational methods classes, teacher educators explain and
demonstrate these questioning strategies to pre-service students. ELK participants then use these
questioning strategies to code talk moves in transcripts. In analyzing ELK transcript data, as
researchers we use this framework to identify pre-service teacher development — we consider
an increase in the three effective questioning strategies and the decrease in the two ineffective
strategies over multiple rounds of ELK to be evidence of pre-service teacher fluency in eliciting
learner knowledge.

2.1.3 Social Factors in Facilitating Classroom Discourse. The 5-part framework introduced above is
developed mainly from a knowledge-centric view, focusing on what are the questioning moves we
expect teachers to learn and use. At the same time, we acknowledge that effective questioning in the
classroom depends not just on what the teacher asks a student about the subject-matter, but also on
their mutual respect, understanding, history, trust, and power dynamics among other social factors
[35, 36]. In addition to practicing effective talk moves in classrooms, teachers also need to develop
culturally relevant pedagogy, where they need to understand the level of emotional awareness
and emotional intelligence in the classroom to create a climate for optimal learning [46, 49]. These
social and emotional factors are not currently accounted for in the design and evaluation of ELK.
But we do value culturally relevant pedagogy in creating positive classroom climate, and fostering
long-term rapport and relationship between teachers and students. We will address this again in
the future work and limitations section on how we plan to integrate these factors in the future
development of teacher education platforms.

2.2 Teacher Classroom Discourse Training and Support

Prior work has explored various ways for classroom discourse training. One line of work focuses
on gathering curriculum materials for teachers’ professional development. Michaels & O’Conor
[57] proposed a framework of effective talk moves after two decades of qualitative classroom-
based research on how some teachers skillfully orchestrate equitable and productive discussion
[28, 55, 62]. The framework resulted in two professional development resources for teachers. The
first is a book with classroom videos for teachers to read, watch and discuss [5, 14]. The second is a
web-based, open-source site — Talk Science Project [60], with video and text resources. There are
similar efforts following the initial proposal of talk moves on creating curriculum and resources of
teacher professional development, including formative assessment moves [19], a coding scheme for
analyzing classroom dialogue [33], websites with lots of information for teachers such as Ambitious
Science Teaching [77].

A second line of work takes a more interactive method, having teacher educators or peers
observe and record live class sessions to analyze teachers’ instructional practices and offer feedback
[2, 29, 30]. For example, Sleep’s work involves recording teachers’ one-on-one conversations with
students and have experts review them afterwards [72]. Another approach creates face to face
simulations, where teacher educators act as students with misconceptions, and pre-service teachers
practice questioning strategies [70]. These are compelling approaches, but they are very demanding
on teacher educator labor (to review video, act as students, provide individual feedback, etc.)

More recently, there has been explorations on systems to automatically generate feedback to
teachers based on their class session recordings. For example, Wang et al. [81] used a wearable
recording system for teachers to record classroom audio and did automatic analysis on turn-taking
dynamics in classrooms. Ramakrishnan et al. [65] used classroom video and audio with deep
learning techniques to automatically model classroom climate. However, these approaches have
drawback such as they do not analyze any utterance content, are very expensive to implement and
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may cause privacy concerns. A more recent system developed by Jensen and colleagues [39] used
discourse modeling techniques to provide automatic feedback to teachers on a list of discourse
variables.

In addition to systems that support classroom discourse development, researchers have proposed
new techniques to support teacher professional development in general. For example, Holstein et al.
presented a real-time system Lulimo, which alerts teachers when students need help when working
with intelligent tutoring systems [34]. Xhakaj et al. developed a teacher dashbaord with usage data
from an intelligent tutoring system for teachers to understand students progress [85]. Poskin et al.
developed a smartphone application TeachFX [64] which models the proportion of teacher talk using
classroom recordings. Aslan et al. proposed a system to alert teachers of student disengagement
[7]. Gerritsen et al. presented a action-reflection-planning framework and a deployed system that
enables teaching assistants to reflect on their data and conduct lesson planning [25]. Ahuja et
al. developed a comprehensive sensing system EduSense that produces visual and audio features
corrected with effective instruction using state-of-the-art computer vision techniques [1]. These
are all exciting and promising technologies for teacher professional development but they do not
fulfill the need of giving teachers more practice and rehearsal opportunities on classroom discourse,
especially eliciting student thinking.

2.3 Social Computing Systems for Skill Development

We see an increasing number of social computing systems for skill development in the field of HCI
and CSCW. We describe two lines of work that are mostly relevant for the design of ELK, peer
learning and role-play based learning. Peer learning platforms provide scale for online learning
because the efforts required from experts are greatly reduced. Some recent examples include
peer feedback systems (e.g., PeerStudio) [12, 48], online peer discussion platforms [47] and team-
based online classes [80, 83]. Learnersourcing systems [42] can be viewed as one type of peer
learning systems as they harness data sources from past peers to benefit future learners. For
example, LectureScape [43] and ConceptScape [53] help learners navigate online lecture videos
using interaction data gathered from past peers. AXIS [84] presents past learners’ explanations
to future learners. UpGrade [79] leverages past students’” written solutions to generate deliberate
practice opportunities for future learners. Foobaz [26] and OverCode [27] use past students’ code
solutions as a basis for instructors to offer feedback more efficiently. These systems leverage peers
in two ways. On the one hand, peers can interact in real-time, offering each other feedback; on the
other hand, peer-generated data can be employed as instructional opportunities.

As we mentioned earlier, teachers often do not get sufficient opportunities to practice and
rehearse teaching in low stakes settings [31, 52]. We borrow the framework of role-play and
simulation-based training that is often adopted in the medical and business domains for professional
training [6, 59], for example, for medical students to rehearse doctor-patient conversations [40],
for nursing students to develop nurse-to-doctor handover communicative competencies [13, 88],
and for business students to learn and apply influence tactics [32]. A recent work by Thompson et
al. explored digial simulations for teachers to approximate teacher-parent conversations [75]. In
addition, a number of educational games have been developed to help English Language Learners
(ELL) learn and practice conversational skills [66, 69] In the design of ELK, we draw ideas from
online peer learning platforms and role-play based professional training programs to develop a
scalable solution for teacher-student discourse training.

2.4 Cognitive Load Theory and the Decomposition of Practice

In current teacher training programs, when teachers do engage in low-stakes simulated practice, it
is often in the form of “rehearsals” where participants practice teaching as an entire activity or give
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a lesson to a group of simulated students [50]. Teaching is immensely complex, and research on
complex learning suggests that novices often struggle to practice a whole complex assemblage while
improving at specific elements of the task [44]. Rehearsals of the whole assemblage of teaching,
therefore, should be complemented by opportunities to practice more discrete skills and judgments
in teaching practice [67]. In order to develop an awareness of and vocabulary for understanding
students ideas, we use the conceptual framework of decomposition of practice. Decomposition
facilitates learning complex tasks by reducing the activity into smaller, more manageable parts [31].
These smaller parts facilitate learners’ reflection on their own behavior, and helps develop a shared
language around instructional activities [56].

Although rehearsing the whole assemblage of teaching provides opportunities for authentic
learning experiences, a downside is that these rich experiences may consume most of a learner’s
available cognitive load when they have not mastered the skills and knowledge needed to be
successful at the activity. As suggested by the cognitive load theory, if the problem itself is sufficiently
demanding, students may not have enough cognitive resources to learn from solving the problem
[4, 63]. In the design of ELK, we purposefully decomposed learning about effective talk moves
and acting out in authentic contexts. This drives our design of ELK as a text-based interface in
the first place. We will come back to this again in the future work section about introducing more
modalities to enrich the experience in ELK.

We implement a supplementary “Coding” activity in ELK grounded in cognitive science and
instructional design. As shown in Figure 4, users assign a questioning move to each line of an
authentic transcript generated from previous role-play sessions. The design of this activity is
again motivated by the cognitive load theory[3, 21], aiming to further reduce the cognitive load
required in learners and allow them to focus on the learning task. Prior work has shown that
in some domains, evaluating the quality of solutions can support learning and performance on
generating solutions afterwards, even with higher learning efficiency compared with practicing
with generating solutions only. For example, Yannier et al. shows that evaluating “which towers
would likely to fall” can be more effective in teaching kids physics principles around gravity and
balance compared to having kids continuously build towers with LEGO [86]. Wang et al. shows
that evaluating candidate solutions is equally effective in teaching college students how to design
good survey questions compared to having students practice through generating survey questions
[78, 79]. Ericsson et al. shows that when teaching programming, having students solve Parsons
problems, i.e., evaluating the correctness and ordering of code snippets is equally effective for
learning compared to having them write the equivalent code. However, prior work mostly focused
on technical skills that do not require interpersonal communication. For skills such as asking
questions, it remains unknown whether evaluating responses can be a useful exercise, and whether
it is more, less, or equally useful for learning as generating improvisational responses to scenarios.
For ELK, the “Coding” activity would be especially helpful when a partner is not present, giving
users more independence in using the system.

3 ELK: A ROLE-PLAYING SIMULATION SYSTEM

ELK aims at helping teachers develop effective questioning strategies. The major function of ELK is
a text-based role-play simulation, in which two players chat based on pre-written profiles. The goal
is for the “Teacher” player to develop effective questioning moves in eliciting the “Student” player’s
knowledge. We adopted a text-based interface, in which players type to communicate. There are
several considerations for designing the first iteration of ELK as a text-based interface. First, prior
work has found some role-play activities to be overly challenging and can cause performance
anxiety in players [32]. Second, text-based interface may reduce the cognitive load required from
pre-service teachers as they role-play. Although this differs from the authentic teaching experience
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When you are ready to begin the round, click Begin

Use the scenario to the left to guide your conversation:

Algebra Grade 6

You are a 6th grade student in math class. Your teacher is about to start a
lesson on variables and equations, and would like to see what you already
know.

Your Student Profile:

Any letter given to me has the value of the where that letter is in the
alphabet. A (or a) always has a value of 1, b always has a value of 2, and so
on. Even if the problem tries to trick me by saying a=3, | will always input
the value of 1 for a. | will always convert to numbers before | do anything
else with the problem. If anything is given to me without operation
symbols(+X-,/), | will just stick the number in front of that value. An
example would be 3a. | know that a has to be 1. The value of this would be

31

Chat here

When the 7 minute round is finished, take the quiz.

Fig. 1. “Role-play” interface in ELK for the “Student” player. The profile is shown on the left, including the
student’s (mis)conceptions about the topic. Players chat on the right.

e
Algebra Grade 6

Your Background

You are teaching a 6th grade class about variables and equations that involve
variables. You would like to see what the students know before starting the lesson.
No assignments have been given.

S MRS e S

Participant Role: Teacher

Your Objective

You would like to know how well your students solve math problems with very
simple equations such as x+p = g, px = q and px+s=q for nonnegative rational
numbers. This means that you both want to check their ability to compute simple
expressions such as 2*a and solve equations.

Algebra Grade 6

Participant Role: Student

You are a 6th grade student in math class. Your teacher is about to start a lesson
on variables and equations, and would like to see what you already know.

Your Student Profile:

« Any letter given to me has the value of where that letter is in the alphabet. A (or a)
always has a value of 1, b always has a value of 2, and so on. Even if the problem
tries to trick me by saying a=3, | will always input the value of 1 for a. | will always
convert the letter to numbers before | do anything else with the problem.

« If anything is given to me without operation symbols(+,*,-/), | will just stick the
number in front of that value. An example would be 3a. | know that a has to be 1. The
value of this would be 31.

Fig. 2. Teacher and student profiles on the topic of Grade 6 Algebra

Participant Role: Teacher

Heredity

Your Background

You are teaching a ninth grade introductory biology class. This is the first lesson on
heredity. No readings have been assigned yet, so you are trying to find out what the
students learned and remember from middle school. One student came to class
early, so you have a chance to talk to them.

Your Objective

You want to know what the student remembers about genes and chromosomes.
You would like to know if students remember what dominant and recessive
alleles are and how they are expressed. You're interested in seeing if the student
understands how genes are passed down from parents to child. You would also
like to know what students understand about mutations and how they affect gene
expression.

= e o o |

Heredity 7 B Particih:;r;t Eole: Student 7

You are a ninth grade student in an introductory biology class. This is the first
lesson on heredity. No readings have been assigned yet, but you vaguely
remember some things from middle school. You came to class early today, so the
teacher wants to ask you some questions about what you remember.

Your Student Profile:

You know that chromosomes determine what you look like. Every person has 46
chromosomes, 23 from your mother and 23 from your father. You're not sure what the
difference between chromosomes and genes are or which chromosome controls which
part of you, but you are pretty sure that there is one chromosome for what your head
looks like that controls things like eye color and hair color. You know that there are
exactly two options for each trait and so anything out of the ordinary must be a mutation.
One of those options is the dominant one, meaning that it beats out the other one, and
the other is recessive. For example, eyes can be brown, the dominant option, and blue,
the recessive option, and everything else, like green, is a mutation. Because only one
chromosome controls how your head looks, there is only one part responsible for it and
s0 every trait will match one of your parents.

Fig. 3. Teacher and student profiles on the topic of Heredity

people may have, the goal of ELK is to provide focused practice for users to learn questioning moves
without the cognitive load required in managing other aspects of their behaviors. Third, text-based
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=
- % : o G o0
Remember that each message has any number of codes attached to it S .

* Priming - meta-messages that set the context for the conversation

* Eliciting - questions that introduce a new topic or broaden the discussion

« Probing - follow-up questions

* Evaluating - messages that tell the student if they were right or wrong

« Telling - messages in which the teacher explains what's true

Priming  Eliciting ~ Probing  Evaluating  Teling  None
T: Hil Do you know what we are learning today?

We thought Priming because this introduces what the topic of conversation will be about.

S: Something about writing sentences?

Priming  Eliciting ~ Probing  Evaluating  Teling  None

T: What do you know about parts of speech?
We agree! We thought Eliciting because it is the first question on the topic that the
teacher wants to know about.

S: 1 know that there are nouns, which are things, and verbs, which are actions, and description words, but | don't remember what they
are called.

Priming  Eliciting ~ Probing  Evaluating  Teling  None
T: Very good. Can you tell me more about nouns? Is “school” a noun?

S: Yeah, a school is a type of thing.

Fig. 4. “Coding” activity in ELK. The user reads an authentic’ transcript generated from past role-play sessions
and assign a questioning move to each line in the transcript.

communication provides more transparency into the process as players can review and adjust their
performance accordingly [54]. Finally, from an application standpoint, the current form is low-
cost, low-stake, more accessible and readily deployable. Players can engage any time, without the
requirement of a camera or microphone. ELK is publicly available at: https://newelk.herokuapp.com.

3.1 Text-based Role-Play

3.1.1 Activity. The text-based role-play requires two players to be online at the same time and
engage in conversations. Two players each take the role of a “Student” or a “Teacher”. After
entering the platform, players first select a topic, e.g., grade 6 algebra, or grade 3 multiplication. The
interface for the “Student” role player is shown in Figure 1. The profile on the left specifies the prior
knowledge held by the player, and the player should play out this persona. The “Teacher” role player
enters the same interface with a“Teacher” profile. Two example pairs of “Teacher” and “Student”
profiles are displayed in Figure 2 and Figure 3. These profiles are pre-written by researchers in the
area and senior K12 teachers. Players press begin to start the conversation, each session takes 7
minutes. The goal of the “Teacher” player is to elicit as much prior knowledge from the “Student”
player as possible.

3.1.2  Feedback. Both players take a quiz in the end in which they answer three True/False questions
about the (mis)conceptions in the “Student” profile. For example, in the “Student” profile shown in
Figure 1, a misconception is that the variable a is always equal to 1. One corresponding question
in the quiz is: Is this statement “a+4=6 means that a=2” True or False? If the “Teacher” player
understood the “Student” player’s misconception, they would answer False, otherwise True. The quiz
gives the “Teacher” player feedback on whether they successfully elicited the learner’s knowledge.

3.2 Coding Activity

3.2.1 Activity. In the “Coding” activity, users read authentic transcripts generated from previous
role-play sessions. We apply the five-part questioning framework in the coding activity. Users first
read descriptions about each of the five questioning moves and then assign a move to each line
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in the transcript, as shown in Figure 4. We consider the “Coding” activity as a novel example of a
learnersourcing activity [42] using past conversation transcripts as input.

3.22 Feedback. To enable real-time feedback to players, two experts from the development team
coded 5 transcripts in the dataset. With the labeled transcripts, the system provides real-time
feedback to users after they make a selection and click submit. Example feedback is displayed in
Figure 4.

4 EVALUATION OF ELK

The evaluation study aims to address the following three research questions.

RQ1: How effective is ELK in helping users develop questioning strategies and understand
student misconceptions?

RQ2: How effective is the “Coding” activity? How does it compare to the “Role-play” activity in
helping participants learn questioning moves?

RQ3: What are users’ experiences with ELK and what challenges do they encounter? How can
we better design systems for communication strategy training?

4.1 Participants

To address the above questions, we wanted to evaluate our system with pre-service teachers who
are learning about classroom discourse and questioning moves. We reached out to teacher training
programs at a small liberal arts college in the Mid-Atlantic region. Three faculties from the liberal
arts college signed up to use ELK in their classes. In total, 75 participants, who are enrolled in an
undergraduate teacher education program, completed the study.

4.2 Study Components

In response to RQ1, we adopt a mixed-methods approach and use both performance and self-
reported measures to assess participants’ behavioral and conceptual change on eliciting learner
knowledge. In order to examine participants’ behavioral change on adopting effective questioning
moves, we use a performance measure by quantifying the effective questioning moves “Teacher”

A: “Teacher”, B: “Student” B: “Teacher”, A: “Student”

Role-play Role-play Role-play Role-play Coding Role-play

Lecture

1
1]
L]
L]
1
! Survey
L]
1

Role-play || Coding || Role-play | | Role-play || Role-play || Role-play

C: “Teacher”, D: “Student” D: “Teacher”, C: “Student”
1 ] 1 |
N N
Class Meeting 1 Class Meeting 2
ELK-Activity (no feedback) ELK-Activity + feedback

Fig. 5. The study spans two 90-minute class meetings. In the first class meeting, participants play three
rounds of ELK without feedback. This means for the “Role-play” activity, the quiz is disabled, and for the
“Coding” activity, participants do not get feedback after making a selection. Participants are paired and
assigned to one of the two conditions. The only difference is whether they complete the “Role-play” or the
“Coding” activity in the second round. In the second class meeting, participants play three rounds of ELK
with feedback. Participants remain in the same pair and switch roles. The pairs that did the “Coding” activity
in Round 2 will now do the “Role-play” activity in Round 5 and vice versa.
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players displayed in the role-play chats. We design the study so that participants use ELK for
multiple rounds, which enables us to see their behavioral change over time. In order to gauge
participants’ conceptual and attitude change, we design an in-depth survey asking participants to
reflect upon their experiences.

In response to RQ2, in order to understand whether the “Coding” activity is helpful, we design
an experiment to compare the effectiveness of the “Coding” activity with the “Role-play” activity
in helping participants adopt effective questioning moves. One consideration here is that the “Role-
play” and the “Coding” activities have different feedback mechanisms. Feedback for “Role-play” is
provided through a post-hoc quiz, and feedback for the “Coding” activity is provided immediately
as participants evaluate transcripts. To make a fairer comparison and make the results applicable
for cases when feedback is not readily available, we decide to tease the effect of feedback apart
from the activity itself. We administer two versions of both activities, a version without feedback,
and a complete version as introduced in Section 3.

In response to RQ3, we include questions in the survey asking about participants’ experiences
and the challenges they encounter when using ELK. In the study design, we make sure that all
participants experience both “Role-play” and “Coding” activities, and have played both “Teacher”
and “Student” roles in the role-play sessions, so that they can comment on all aspects of the design
of ELK.

4.3 Procedure

The study was conducted as a part of a teacher education course at the liberal arts college. we
communicated the experimental procedure with the three course instructors that signed up, and
they implemented the same procedure in their classes. The study spans across two 90-minute class
meetings. An overview of the procedure is shown in Figure 5. Overall, there are four groups of
participants, labeled as A, B, C, and D as shown in Figure 5. As an example, the sequence of activity
for a participant in group A would be: Round 1 - “Teacher” in role-play with no feedback; Round 2 -
“Teacher” in role-play with no feedback; Round 3 - “Teacher” in role-play with no feedback; Round
4 - “Student” in role-play with feedback; Round 5 - Coding with feedback; Round 6 - “Student” in
role-play with feedback.

In the first class meeting, the instructor first gave a short lecture on how to elicit learner
knowledge, covering effective and ineffective questioning moves. Participants then used ELK for
three rounds, for about 30 minutes in total. Participants were randomly divided into two conditions
and were paired within each condition. For each pair, one participant assumed the role of “Teacher”,
and the other assumed the role of “Student” for the entire class meeting. The only difference
between the two conditions is whether they did the “Role-play” or the “Coding” activity in the
second round. For the “Role-play” sessions, the “Teacher” profile is consistent across three sessions
to reduce the amount of background knowledge and reading required, but the “Student” profiles
are different in all sessions to make sure the “Teacher” role still needs to adjust their questioning
moves to be able to elicit knowledge from their partners. For the first class meeting, we disabled
the feedback function for both activities, meaning participants do not do the quiz at the end of the
“Role-play” chat, and do not receive feedback when they evaluate the transcripts.

In the second class meeting, all participants remained in the same pair and switched roles. This
means that the participant who played the “Teacher” role will now play as a “Student” with the
same partner. The pairs that did the “Role-play” activity in Round 2, e.g., A and B, will now complete
the “Coding” activity in Round 5, and vice versa. Feedback is enabled for both the “Role-play” and
the “Coding” activities.

At the end of the second class meeting, all participants would have experienced all roles and
activities in ELK. We sent a survey via Google Form that asked participants to reflect on their
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experiences in ELK. We consider this design to best utilize the participant resources we have and
provide us with insights about the effectiveness of ELK.

4.4 Outcome Measures

4.4.1 Frequency of Effective Questioning Moves in Role-play Chats. This learning outcome measure
only concerns participants who play the role of “Teacher” in the role-play sessions. We developed
a coding framework to gauge the quality of questions asked by the “Teacher” player. The coding
framework was developed based on prior work on how to elicit learner knowledge. As we develop
the coding manual, we make sure that on the one hand this can cover the nuances between
questioning moves we have seen in our pilot data, such as “Eliciting” and “Probing”. On the other
hand, we also make sure this connects with existing work on what types of questioning moves are
effective, so that it can help us quantify the quality of questions being asked by the players.

A brief version of the coding manual is shown in Table 1. The full version can be found at
https://web.eecs.umich.edu/~xwanghci/ELKCoding.pdf. In the coding manual, for each category of
questioning move, we provide multiple examples including explanation of edge cases. As shown in
1, “Priming”, “Eliciting” and “Probing” are considered to be effective moves in understanding what
the students already knew, whereas “Telling” is considered as an ineffective move towards eliciting
student knowledge and does not support student-centered classroom conversations. “Evaluating”
moves often lead to “Telling” messages that also do not contribute to understanding student
(mis)conceptions. When counting the frequency of effective questioning moves in a chat, we
summarized the number of “Priming”, “Eliciting” and “Probing” messages uttered by the “Teacher”
player. The five categories are not mutually exclusive, meaning each line of the teacher’s dialogue
can have multiple codes. As shown in Figure 7, the orange texts indicate the questioning moves
assigned to each line of the “Teacher” role’s dialogue. The excerpt to the left has a total of 5 effective
questioning moves, and the excerpt to the right has a total of 9 effective questioning moves. The
coding framework enables us to quantify the quality of questions asked by the participants.

The coding manual was developed and refined through an iterative process. Two of the authors
first independently coded subsets of the dataset and addressed disagreements, enriched the defini-
tions and examples in the coding manual, and added categorization for edge cases. When the coding
manual is complete, two of the authors independently coded 100 lines of “Teacher” dialogues and
reached high agreement on all 5 categories in the coding manual, with Cohen’s Kappa of 0.73 for
“Priming”, 0.8 for “Eliciting”, 0.72 for “Probing”, 0.76 for “Evaluating” and 0.78 for “Telling”. One
author continued to code all transcripts in our dataset following the coding manual.

4.4.2 Open-ended Survey. In addition to behavioral changes, we are also interested in knowing
participants’ experiences of using ELK. To achieve this goal, we administered an open-ended survey
at the end of the second class meeting. The survey questions include:

o Please let us know more about how ELK may or may not have helped you learn questioning
strategies for eliciting learner knowledge

Please let us know more about how ELK may or may not have helped you learn about students’
conceptions about a specific topic (e.g., algebra or heredity)

Did you change the way you asked questions during the game? Please elaborate on your answer
above.

What, if anything, did you find difficult about role-playing in ELK?

What suggestions do you have for improvements to ELK?
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Questioning | Definition Example
Move
Priming These are meta-messages that set the context for the | [after a student asks, “Is that right?”] I
conversation. They might appear at the beginning of | will tell you all about that during class
the conversation or later to bring the conversation | today, but for now I just want to under-
back to the topic/goal. stand your ideas.
Eliciting These are questions that introduce a new topic or | Teacher: If I were to give you x+p=q,
broaden the discussion. would you know how to solve?
What do you know about the area of a
circle?
Probing These are follow-up questions that go deeper into | Teacher: What do you know about word
what the student thinks. It is often impossible to tell | order? (Eliciting)
the difference between Eliciting and Probing messages | Student: The noun comes before the
without context. verb.
Teacher: Is this always true? Or are there
ever nouns after verbs in a sentence?
(Probing)
Evaluating | These messages tell the student if they were right or | That’s right.
wrong, either explicitly or implicitly. They often lead | Not quite.
to Telling messages and distract the student from the
goal of figuring out their preconceptions.
Telling These are messages in which the teacher explains | The circumference of a circle in 27r.
what’s true. While important during instruction, they
are distracting if the goal is to figure out what the
student already knew or believed.

Table 1. Brief version of the coding manual, with definitions and examples of the 5 questioning moves.

4.5 Survey Analysis Method

After we see the survey responses, we realized that many participants shared their experiences,
takeaways, and challenges in their answers regardless of which question they were responding to.
In our analysis, we broke down the boundaries between the questions and conducted a thematic
analysis [10] of all the participants’ responses. First of all, two of the authors read and familiarized
themselves with all the responses. They then did open coding of all of the responses independently.
The two authors met and went over each of their comment and merged all the ideas into a list of
themes. The two authors discussed and summarized 6 major themes from the data with a list of
sub-topics within each theme. We will present our findings in response to each of the research
question in the next section.

5 RESULTS

In the experiment, all 75 participants played the “Teacher” role. The number of participants in
each condition is shown in Table 2. Through a thematic analysis of the survey responses, we
identified 6 major themes, including 1) Awareness about eliciting learner knowledge, 2) Adaptation
in questioning moves throughout the process, 3) Gaining perspectives about the student stakeholder,
4)“Coding” helps 5) Unfamiliarity with the content domain makes it difficult, 6) Tweaks about ELK
features can make it better. We present both experimental results and survey finding in response to
each of the three research questions.
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Participants # | Round 1 Round 2 Round 3 Feedback
19 Role-play Coding Role-play disabled
18 Role-play Role-play Role-play disabled
19 Role-play Coding Role-play enabled
19 Role-play Role-play Role-play enabled

Table 2. Distribution of participants across conditions

5.1 Effectiveness of ELK

5.1.1 Participants displayed modest increase in effective questioning moves from Round 1 to 3. We
ran a paired t-test on the total number of effective questioning moves from Round 1 to Round 3 for
all participants across conditions. We see that participants displayed significantly more effective
moves in Round 3 compared to Round 1 (p = 0.01). The average number of effective moves per chat
in Round 1 was 4.9, and the average number in Round 3 was 5.6. The average number of effective
moves across conditions is shown in Figure 6. We see a trend that for all conditions, participants
show modest increase in positive questioning moves.

Here is one example of behavioral change from Round 1 to Round 3 by P68 (Figure 7). In Round 1,
as shown in the transcript to the left, the participant used multiple “Telling” messages. P68 directly
told the student what was the correct answer, without trying to understand why the student came
to a wrong answer in the first place. However in Round 3, as shown in the transcript to the right,
under a similar circumstance where the student made a mistake, P68 started to use “Eliciting” and
“Probing” questioning moves to understand why the student made the mistake. We have attached
two additional full transcripts from the study in the Appendix.

5.1.2  Participants showed more awareness about eliciting learner knowledge. One emerging theme
from the survey responses is that participants disclosed they realized the importance of understand-
ing student knowledge and began to set expectations about what they would experience when they
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Fig. 6. Participants increased positive questioning moves from Round 1 to Round 3 across conditions.
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() - T dFT
= I e o < o I 4 v o = o
?E Welcome class, how are you all today?! Priming
. i .
Okay, let's begin! Priming Mehh, my brain hurts i%
i Today we're going to be getting started on equations
™ . and variables within equations. What do you think the Priming, 2 | 0h boy, had a busy day, huh? Well, hopefully this Priming,
word 'variable' means? Eliciting I won't be too hard! We're going to be going over Eliciting
equations and variables today, have you heard of
those?
Variables are the letters in the equation
they stand for any number that solves the equation &‘ Sy &
Good! So, what do you think they mean? What's an |
® _ That's right! So if | asked you to solve 2a-4=4, what do you Evaluating, Im | equation, and what's a variable? Eliciting
% think a would stand for? Eliciting
equation is a math problem that contains an =. A variable is ‘%
a letter that is placed with in the equation
"o
= Why is the variable there? What purpose does it serve? Probing
@ _ Ifit were 1, that would make the equation 2(1)-4, which Evaluating, The variable is there to help solve the equation and show ‘%‘
Ime - would be 2-4, which would then be -2. Telling that there are many ways to solve it
So, t thing that will get us to thi 4. P N :
szw:owyaor:l (sl:)inm:w;ngoulz svglveg?o;‘:?o ¢ answer Telling ?E So, what you're saying is that the variable is a tool? Does .
it tell you what operation to use when solving an equation Probing
like 2a=8?7
substitute a number for 'a' &, S ‘%
?E Okay, so if | ask you to solve that equation, how would Probing
you do it? What does a tell you here?
) That's our end goal, yes. What number do you think Evalgaung, ?
™ makes the most sense to substitute? Probing 21 doesn't = 8 so the equation is not valid ‘%
?H Where do you get 21 from? Probing
We want to end up back at 4, remember. Telling
a=1 so naturally the number 21 &‘
= Why do you think that a=1? How did you come to that

conclusion? Probing

Fig. 7. Left: excerpts from Round 1 of P68 playing the “Teacher” role. The participant used multiple “Telling”
moves and directly told the student the correct answer when the student made a mistake. Right: excerpts from
Round 3 of P68 playing “Teacher” role. When the student gave an unexpected answer, P68 used “Eliciting”
and “Probing” moves to understand the thinking process of the student.

became teachers. On the one hand, some participants mentioned that they became to realize how
difficult it is to understand student thinking and the frustration they could experience as teachers,
“This just showed me how difficult it is to find deficiencies or misconceptions. You almost need to know
what you are looking for. And open ended question will not suffice sometimes. I enjoyed practicing
as the teacher. It helped. (P37)”, ‘It gives me an insight as to what it is like to be a teacher and have
students not understand the concept of a topic or not remember. It is very frustrating. (P21)”

Participants also shared the conceptual knowledge they have gained throughout the process, for
example P42 said : “Tt helped me to really know the difference between eliciting and probing and how
to ask good, open-ended probing questions.”, and P71 said : “ELK helped me learn how to ask particular
questions to get students to reconsider their answers and think of new ideas. Directly telling a student
if they are right or wrong is ineffective and should be used sparingly. Teachers should guide students to
new knowledge by asking questions that prompt their thinking.”

5.1.3  Participants talked about adaptation of questioning moves throughout the process. This is an
important theme we summarized from the survey responses. Participants talked about how they
changed their tactics in asking questions as they engaged with ELK. Participants mentioned that
they are now trying to ask more questions and explain less. “T made a few changes to the way I
asked questions and I ended up asking more questions rather than trying to explain the material (P44)”
More specifically, P8 who played the teacher role teaching the topic of heredity said: “Instead of
saying what a gene was and then asking a question I started from the very beginning I asked do you
know what a gene is?”
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People also talked about switching from fact-based questions to more open-ended ones. “Rather
than asking yes or no questions, i tried to ask questions that made the student participate in the
discussion. Open-ended, leading questions helped to let me know what the student knew. (P6)”, “Also
asking questions that get the students to expand on what they know and why they knew what they did
and how they got it. (P23)”

Participants mentioned adapting their questions to the student responses allowed them to more
quickly get at students’ prior knowledge and misconceptions. For example, P20 mentioned how
they changed from Round 1 to Round 2: ‘T started out asking standard questions about the topic. I
made slight changes to my approach during the next round. In the 2nd round, I asked the student to
explain their reasoning to me so that I could understand their misconceptions.” P50 and P8 shared their
experiences of tweaking questions based on the students’ responses in order to more effectively
elicit their students’ prior knowledge. “If the student seemed to know more about a certain area I
would continue on that path. If it seemed like they didn’t I would veer to another realm of the subject.
I tried to learn as much about what the student knew. (P50)”, “Some questions I asked only got me
generic answers that, while still helpful, were only helpful in finding out what my student definitively
knows about the basics, but not what they know about the subject at hand. So I was able to tweak my
questions to get to the heart of the matter more quickly.”

Some participants referred to the questioning moves they have learned in ELK and shared their
experiences of using them. P8 and P29 talked about using probing and eliciting questions in their
conversations: “Probing questions, giving praise and minor corrections when needed to encourage the
student to keep talking to me. (P8)” “I tried to ask a variety of general (eliciting) questions along with
probing questions to get a good balance in the conversation (P29)” While P49 shared that by changing
the wording of the questions, the questions could be more useful in eliciting the learner’s prior
knowledge. ‘I really only changed the wording of my questions. Probing questions were still probing,
but they became more like leading questions, where I was actively trying to get information out of the
student, instead of just passively seeing what the student knows. (P49)”

5.1.4  Participants disclosed that they gained the perspectives of students through role-playing as
students in ELK . This is an important emerging theme from the survey responses and many
participants talked about the benefit of switching perspectives in the role-play. Some participants
disclosed that knowing what a student may think through acting out as a student was “eye-opening”.

For example, P8 said after role-playing as a “Student”: “Students can come up with some odd
associations, and seeing some of them written out helped remind me to be more flexible as a teacher
because sometimes the associations make sense to others as well, and sometimes they only barely make
sense to the student, so the teacher needs to be patient and open-minded.”

P17 gave a more concrete example of a student misconception they would never have thought of
after role-playing as a “Student” “When learning about variables, students thought the alphabet and
the certain letter was paired up with where the number is in the alphabet. I never thought about it like
that until then.”

Participants also mentioned that playing ELK helped them understand that every student is
different and thus understanding student thinking is critical yet challenging. “Tt shows that all
students have different knowledge and different ways of thinking, and teachers must adapt quickly to
answer questions that their students have. (P74)”, , “ELK taught me that each student has a different
concept of a topic. It is the job of a teacher to work through that and help the individual but also the
whole class. (P50)”, ‘I learned that unless you ask the right type of questions students aren’t going to
be able to explain what they know randomly. (P4)” “ELK also made them realize that it was not easy
to get information out of students. (P5)”
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5.2 “Coding” is an Effective Supplementary Activity in ELK

In order to evaluate the effectiveness of the “Coding” activity, we used the “Role-play” activity as a
control condition in the experiment design. On the one hand, the feedback mechanism for both
activities are very different. On the other hand, considering broader use cases of evaluation-type
activities for learning communication strategies, expert annotated transcripts and feedback may
not always be available. Because of these reasons, in the first half of the experiment, we disabled
the feedback feature in ELK. This is to investigate to what extent is evaluating transcript helpful
even when feedback is absent, when comparing to generating question moves in role-play sessions.
In the second half of the experiment, we enabled the feedback feature in ELK, the goal is to compare
both activities using the full setup in ELK.

In both cases, the second Round, being either “Coding” or “Role-play” is the intervention, and
we compare their impacts on participants’ use of questioning moves from Round 1 to Round 3. We
run two separate comparisons for the first half (ELK without feedback) and the second half (ELK
with feedback) of the experiment.

We run a repeated-measures linear regression model on the long table format of the data, with
each row being an observation. Each participant has two rows, with one being the performance
for Round 1 and the other for Round 3. We use the number of effective questioning moves as the
dependent variable, and the independent variables include Condition (a binary variable indicating
whether Round 2 is “Role-play” or “Coding”), Round (a binary variable indicating whether this
observation is from Round 1 or Round 3), and the interaction between Condition and Round.
We included a random intercept for each participant ID in the model to account for individual
differences. For both settings, the estimates of the parameters in the model are displayed in Table 3.

Both models show that participants demonstrated modest increase in questioning moves from
Round 1 to Round 3 regardless of whether they did “Role-play” or “Coding” in Round 2. As shown
in Figure 6, one big limitation of this experimental study is that the randomization did not work.
In the no feedback setting, participants in the two conditions had significant difference in their
performance in Round 1, with participants in the “Coding” condition being lower performing. Even
though the “Coding” condition had a bigger leap in the no feedback setting, also indicated by a
weak interaction between Round and Condition in Table 3, it is not clear whether it is because it is
harder for participants in the “Role-play” condition to improve.

We want to point out here that having participants evaluate transcripts could be a useful activity
for beginners. Even though we do not observe a significant difference between the two conditions,
there is a weak marginal interaction effect for the no feedback setting, suggesting that the “Coding”
condition has a higher increase compared to the “Role-play” condition as shown in Figure 6. In the
“Coding” condition, participants experienced both role-play and coding activities, whereas in the
“Role-play” condition, participants only did the role-play activity. We have tentative evidence that a
combination of question generation and evaluation practice may be more effective than question
generation practice alone in increasing the use of effective questioning moves. The coding activity
can be especially helpful when it is hard to find partners to role-play.

5.2.1 Coding activity experiences. In the survey, participants also talked about their experiences
with the coding activity. Some participants found the “Coding” activity to be helpful for them to
understand the questioning moves. “Coding transcripts really helped me to understand the difference
in question types (P37)”, ‘I liked being the teacher because I thought it was easier to be the teacher,
especially after doing the coding. It was easier to guide the conversation and focus on gathering the
student’s knowledge. (P11)”, “It really had me thinking and what I was doing as a Teacher and a
Student. I really liked the Coding activity we did, it helped out understanding the different ways
teachers interact with the students.”

Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CSCW1, Article 51. Publication date: April 2021.



51:18 Xu Wang, Meredith Thompson, Kexin Yang, Dan Roy, Kenneth R. Koedinger, Carolyn P. Rose, and Justin Reich

No Feedback Setting With Feedback Setting

Coefficient Estimate p-value | Coefficient Estimate p-value

Condition (Role-play) 0.11 0.10 -0.04 0.65
Round (Round 3) 0.09 0.018* | 0.07 0.13
Interaction Term -0.08 0.13 -0.03 0.63

Table 3. Parameter estimates and p-value for both repeated-measures linear regression models comparing the
effectiveness of “Coding” and “Role-play” activities. Both models show that there is no observed difference
between the two conditions, and the trend is favoring the “Coding” condition.

Some participants said that the coding practice made them change their questioning moves. For
example, P74 said: “After the coding and switching roles I changed my answers by using the different
types of questions and my questions also changed based on the students prior knowledge about the
subject.”

5.3 User Experiences, Challenges and Feedback

5.3.1 Unfamiliar content makes it very difficult. This is the most prevalent theme we have identified
from the survey responses. Many participants found the content domain to be critical for successful
role-play. Some participants said that if they were not familiar with the content, e.g., heredity, it
was hard for them to think of questions to elicit learner knowledge. “Make the content easier and
maybe geared toward a younger age group. It’s hard to be the teacher when you don’t know whether
the student is right or wrong.”, “Please provide teachers with a brief overview of the material because
the content was really getting in the way. Or revise the material and make it simpler. ”

5.3.2  Trying to stay in character is hard. When taking the role of a “Student”, participants find
it hard to stay in character, especially when they do not have the same conceptions about the
subject matter. Participants mentioned that trying to separate the role-play from their real-world
knowledge is challenging. For example, P43, P2 and P3 said: “Trying to stay in character was difficult.
It was hard not to elaborate on answers with too much information before the teacher asked the
question. You really had to have balance in how much you said and let the teacher try to pull it from
you, rather than trying to help your friend who was playing the teacher.”, “It’s hard to separate my
real-world knowledge from the student’s. Acting as though I am confused or have limited knowledge is
far harder than acting like I know more than I do. (P2)”, “it was kind of difficult because when I knew
the answer was wrong I wanted to be able to answer it correctly and explain myself but I still had to
follow the profile (P3)”

5.3.3  Multiple opportunities and realistic experience through simulation. Participants enjoyed hav-
ing multiple opportunities to tweak questions and appreciated the seemingly real experience
provided by ELK. For example, P 42 said: “Tt allowed me to play around with questions in order to
elicit what they students already know (their conceptions).(P42)”

P43 and P1 talked about having realistic experiences in ELK: “ELK was really cool because it gave
you seemingly real experience in trying to see what a student may or may not know about a topic”.
(P43)” “The student profiles seemed to have much more detailed information about what students knew
and what they misunderstood. They seemed pretty realistic. 'm never going to be teaching algebra,
but I can see how a student would be very confused and just think that a=1 no matter what. (P1)”
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5.3.4  Provide more flexibility in the system. Participants also wanted to have more flexibility with
the length of the sessions, with some hoping the sessions to be longer, and other hoping them to
be shorter. “Bit longer time for the rounds, please. Seven minutes is not really enough when you’re
not talking audibly, and have to type; not everyone can type super fast. ” (P8), ‘I felt rushed to ask so
many questions in the short 7 minutes. I felt like time was up just when I was getting started.” (P59)
“Maybe a 5 minute simulation instead of 7, and give more background for the teacher. ” (P56)

6 DESIGN IMPLICATIONS

Although ELK is a domain-specific solution that provides training for teachers on eliciting student
thinking, we consider the insights gained from this study applicable in developing systems for
training communication strategies across contexts. Communication and interpersonal skills are
critical for many professions, such as medical workers [40], researchers [11], and teachers [24].
One consistent challenge with the training of communication skills is that practice and rehearsal
opportunities are limited and people are often expected to pick up the skills “on the job” as they
converse[13, 32, 40, 88].

Role-play simulations show promises of providing practice and rehearsal opportunities for
novices learning about communication strategies in a low-stakes environment, for example, for
medical students to rehearse doctor-patient conversations [40], for nursing students to develop
nurse-to-doctor handover communicative competencies [13, 88], and for business students to learn
and apply influence tactics [32]. With the design, development and evaluation of ELK, we provide
insights on how future systems could be designed to provide scalable communication strategy
training across contexts.

First, role-play is found to be a promising framework to provide scalable collaborative learning
experience in learning communication strategies. In domains other than teacher education, e.g.,
mentoring, consulting, medical and business training, role-play platforms can be adopted. On the
one hand, it provides a collaborative experience that is engaging and at scale, on the other hand, it
provides practice and rehearsal opportunities in a low-stakes environment. Second, we found that
role-play helps participants gain perspectives of relevant stakeholders. In other contexts where
stakeholders often hold diverse or opposite perspectives, e.g., Al ethics education and communicat-
ing algorithm tradeoffs [71, 87], similar approaches can be adopted to facilitate perspective taking
and empathy building among stakeholders. Third, the components within ELK that made it work
could be applied in developing systems that facilitate communication strategy training in a variety
of contexts. For example, the decomposition of practice reduces the cognitive load from learners as
it gives players more time to think and reflect without the need to manage other aspects of their
behaviors. Offering focused practice through evaluating past transcripts is also a useful activity,
and can happen without the presence of a partner. We describe the design implication in detail
below.

6.1 Content Domain Knowledge is Essential

As mentioned by many participants, if they were not familiar enough with the content domain,
it gets in the way of practicing communication skills. Participants also talked about providing a
bigger pool of “Teacher” and “Student” profiles for players to choose from. For example, P20 said:
Please add different subjects. 'm a history and political science major. I don’t remember much from
biology class. , and P1 said: “Please include more topics that have to do with the humanities! I know
very, very little at this point about algebra and biology.” We are implementing a new feature in the
system now that enables players to contribute “Teacher” and “Student” profiles. The goal of this is
to enrich the profile pool to give players more options to choose from.
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In addition to supporting teachers develop classroom discourse, this also applies to exercising
other types of communication skills through role-play simulations. Allowing users to customize
user profiles and providing background content knowledge to users could better prepare them to
focus on developing the communication strategies of interest.

From the study we also learned that when participants know the subject matter very well, it
requires some form of extra “acting” and some form of “restraint” to be able to provide the nuance of
confusion as a “Student” without giving too much to the “Teacher” role. One role-play feature that
would be useful to explore in systems similar to ELK is the allocation of roles between participants,
e.g., when the participant is unfamiliar with the content domain, they can be good candidates for
the “Student” role.

6.2 Role-Play Helps Participants Gain Perspectives of Relevant Stakeholders

In our study, many participants expressed that ELK made them aware of student misconceptions and
the very different thinking processes students may have. Participants found acting out as a student is
“eye-opening” for them to gain perspectives as a student. In addition to teachers, many professions
are interpersonal and involve multiple stakeholders, such as doctors and patients, judges and
victims, and mentors and mentees. When supporting these professionals develop communication
competencies, role-play systems have great potentials and an adds-on benefit of helping learners
gain perspectives from other relevant stakeholders.

6.3 Focused Practice through Evaluation Activities

The experiment suggests that having novices evaluate past transcripts can be an effective instruc-
tional activity, which also has the practical benefit as it can be performed by a single participant
alone. For future communication strategy training programs, such evaluation-type activities can be
applied before role-play sessions to foster understanding.

6.4 Different Modalities of Role-Play

ELK is a text-based platform where participants type to communicate. The design consideration is
to reduce the cognitive load from players to manage their behaviors. In the survey, participants
also mentioned the inconvenience of a text interface where they have to type. For example, P9
mentioned that “maybe more of a face to face interaction, it take a lot of time to type the responses”
Future design of such system could provide different modes of interaction, e.g., as users become
better in eliciting learner knowledge with the original text interface, they can go ahead and try a
speech-based version.

One participant raised a point that it was hard for adults to imitate 6th graders in the conversation.
‘It was hard to find a balance between talking as if I really was in 6th grade and saying things I would
actually say as an adult (using words like "correspond,” for example.” Although the role-play sessions
did not require the players to act like 6th graders, it is an interesting idea to scaffold players to talk
in the same way as the persona specified in the profiles. This would offer a more realistic role-play
experience for all participants.

7 LIMITATIONS AND FUTURE WORK

In this work, the effectiveness of ELK is evaluated in the role-playing sense and not when applied to
a real-world scenario. This is a major limitation. This first experiment provides some initial insights
on whether ELK works and why it works. We will continue to improve the platform and we will
leave it to future work to fully evaluate the effectiveness of ELK in instilling the skill to teachers in
authentic contexts after training. Here are some exciting future directions we would like to pursue.
First, as suggested by our participants, future design could provide different modes of interaction
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for users to choose from, e.g., text-based, speech-based and video-based. Users would thus have
more flexibility in practice and rehearsal. Practicing in a speech-based or video-based environment
would be more authentic and could potentially facilitate transfer of learning. Second, to promote
culturally relevant pedagogy and encourage teachers to understand students’ interests and needs
in addition to questioning moves, future work could explore co-designing the player profiles with
students to cater towards the topics that targeted students are excited about. Third, to support the
role-play performance of the “Student” role, future work could increase the details in the “Student”
profile and explore methods to assign roles to players based on their expertise. For example, the
system could pose a survey on players’ prior knowledge before assigning roles to them.

8 CONCLUSION

All across the helping professions - teaching, medicine, social work, clerical work, and so forth
- eliciting thoughts, feelings, and understandings from people is a critical part of professional
practice. In this work, we demonstrate a system that supports simulated practice of questioning
strategies through two learning modalities: question generation and question evaluation. In a
teaching context, we find evidence that ELK helps participants value learner knowledge, empathize
with the challenges of students as they develop understanding of STEM topics, and increase their
use of questioning strategies that effectively elicit learner knowledge. We have tentative evidence
that a combination of question generation and evaluation practice may be more effective than
question generation practice alone in increasing the use of teacher questioning strategies.

While the scenarios in ELK are customized primarily to deal with STEM topics; ELK could be
customized to support the development of interpersonal skills in a wide variety of contexts and
professions. ELK’s digital platform supports a variety of educational implementations (in face to
face classes, in online classes, as out of classwork, etc.) and collects data for participants, educators,
and researchers to better understand how learners develop effective questioning strategies.
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10 APPENDIX

Round 1 chat

Round 3 chat

T: Good morning! Today we are going to be talking
about Chromosomes and Alleles

S: yippeeeeee

T: Can you tell me about either of those? what do you
already know about chromosomes

S:Thave 23 chromosomes!

S:1got one chromosome from my mom and one from
my dad and the last one is from both of them com-
bined

T: where did you get 23 from? you aren’t too far off
T: Yes that is true however you are missing some infor-
mation S: Well, I have dominant and recessive alleles
T: Well you aren’t wrong you do have at least 23 chro-
mosomes T: And you do have dominant and recessive
traits!

S: The extra chromosome I have is a combination of
both T: You don’t quite have an extra set of chromo-
somes, everyone has 46, did you think that you had
23 because you got a set from each parent?

S: No? I have 23.

S: One from each parent and the 23rd one is a combi-
nation from both of them

T: You are correct you have at least 23 but the correct
number is 46 you receive 23 from each parent
S:Iwas told i have 23.

T: I'm sorry but today we will learn why you have 46
chromosomes, it’s going to be fun and we are going
to learn a lot!

T: What do you know about alleles

T: Good morning Class today we will be talking about
genes, and chromosomes, and dominant and recessive
traits!

S: yAY

T: Let’s start with chromosomes! tell me what you
understand about chromosomes

S: Everyone has 46!

S: 23 from my mother and 23 from my father

T: YES that’s correct! excellent! now on to dominant
and recessive traits

T: what do you know about these

S: What are alleles?

T: Do you know anything about them at all?

T: Tell me what you know and understand first then
we can move on from there

S: Well i heard someone mention alleles earlier but
I thought dominant and recessive traits were about
chromosomes

S: Because chromosome are like genes and there is
one for each part of your body

T: Alleles is just another term for gene or chromo-
somes, they all relate to heredity and traits

T: Do you know what a recessive allele is?

S: I know that if my dad has brown eyes and he has the
dominant chromosome then that covers up my moms
recessive chromosomes S: So I would have brown eyes
T: something like that, do you understand how that
works?

S: Well...yeah i just told u

T: We will come back to this, what do you understand
about mutations?

Table 4. Full transcript of an example role-play session (1)
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Round 1 chat

Round 3 chat

T: Good morning, so nice to have you in my class
today. We are going to be learning about genes and
chromosomes today!

S: okay

T: Do you remember anything about genes and chro-
mosomes from middle school?

S: I remember that we have 23 chromosomes that are
passed down from our parents

T: Great! Do you remember what recessive and domi-
nant alleles are?

S: They determine what we look like.

T: Great! Is there a difference between the two?

S: Something about if one parent has brown eyes
which is a dominant color and the other has blue
which is recessive then the kid will have brown eyes
because thats the dominant color

T: Great! You seemed to have really retained that in-
formation from middle school!

T: Do you remember how those genes are passed
down from the parents to the child?

S: thank you

S: genes are a part of chromosomes

T: Okay. How is that so?

T: Good morning! Today we are learning about genes
and chromosomes. Do you remember anything about
that from middle school?

S: we have 46, 23 from each parent

T: Okay. Im so happy to hear that you seem to remem-
ber things from middle school.

T: What do chromosomes do?

S: they determine what we look like

T: Okay. What do you know about dominant alleles?
S: that its one of two options. it beats out the other
one.

T: Okay. Interesting way of phrasing it. Are there any
exceptions?

S: something like if the kid has green eyes it a muta-
tion

T: Well, I was talking about something a little differ-
ent.

S: well...

T: What about recessive genes? Is ever it possible to
have a recessive trait? How?

S: no dominant beats recessive

T: Okay. Interesting point of view. We will learn more
about this later and test your theory.

S: okay

T: How are these genes passed down?

S: no clue

Table 5. Full transcript of an example role-play session (2)
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