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ABSTRACT

Special education teachers’ perception and attitudes towards tech-
nology and design play a critical role in pedagogical practices. The
study aims to explore changes in special education teachers’ atti-
tudes and design beliefs through a co-design process with children.
The initial pilot study focused on preparing special education teach-
ers for effective integration of pedagogical agents into teaching and
learning. The initial pilot study followed the mixed-method design
and was guided by the following research question: In what ways
the co-design process influenced teachers’ attitudes and design
beliefs towards pedagogical agents through the co-design process
with children? The preliminary results indicated by the end of
the program that teachers’ attitudes towards pedagogical agents
increased significantly with moderate effect sizes, which might
contribute to the co-design process and interactions with peda-
gogical agents. Qualitative analysis based on teacher interviews,
lesson projects, and field notes also suggested that the shifts in
participant’s attitudes and design beliefs are influenced by a va-
riety of personal and contextual factors including i) The didactic
use of pedagogical agents; ii) the usefulness of pedagogical agents
for inclusive education; (iii) teachers’ attitudes about the role of
the teacher as a designer, and (iv) leadership support to facilitate
the immersive learning experience created through the interaction
between the human and pedagogical agents.
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1 INTRODUCTION

There is an increasing demand for special education teachers to
utilize pedagogical agents to address children’s academic and so-
cial emotional needs in preparing for the unpredictable classroom
learning and teaching [1][2]. During the first five years of the 21st
century, multiple research scholars proposed an interpretation of
teacher knowledge necessary [2] for effective integration of peda-
gogical agents into teaching and learning as the interconnection [3]
and intersection of knowledge repository and classroom practices
[4].

Collaborative learning with robots and agents has created new
opportunities for innovative teaching in special education class-
rooms, leveraging more learning opportunities to support all chil-
dren from culturally and linguistically diverse communities. Study-
ing and identifying the effective practices could inform teachers to
select, design, and innovate pedagogy to meet the needs of diverse
learners [5]. Pedagogical agents, which are identified as effective
artifacts, could engage learners in social dialogue and enable new
ways for children to reflect, reason, and learn [6]. It has served
as cognitive tutors [7], peer learners [8], conversational agents
[9], and mentees [10] to develop young learners’ reading literacy,
problem-solving and analytical thinking skills.

In viewing the complex process of collaborative learning with
pedagogical agents, it is critical to explore processes to practice
and design for educators to create meaningful pedagogical prac-
tices and promote lifelong learning [11]. This is especially critical
given the challenges of COVID-19, children have struggled with
online learning environments with limited opportunities for social
interaction and resources for these disruptive times. [12].

The study was conducted in responses to COVID-19 challenges
to support children with disabilities — namely limited opportunities
to prepare special education teachers to effectively utilize the peda-
gogical agents to provide high-quality, inquiry-based instruction
and practices [13]. The study explored teachers’ attitudes and design
belief towards pedagogical agents as they interacted with agents to
co-create interactive simulations [14], prompt high cognitive tasks
[15], provide emotional support [16], train algorithmic models, and
build autonomous agents [17]. Numerous literatures have identi-
fied an interactive co-design process involving both teachers and
children could facilitate the design of inclusive practices [18].

The key premise of the study was that the pedagogical agent was
a catalyst for preparing teachers to innovate pedagogy and design
inclusive, collaborative, and culturally relevant practices [19]. The
research paper explored changes in special education’s attitudes and
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design beliefs towards pedagogical agents to implement inclusive
teaching practices through the co-design process.

2 LITERATURE REVIEW
2.1 Pedagogical Agents for K-12 Education

Pedagogical agents have been seen in diverse fields across educa-
tional disciplines [20] to support children with special learning
needs, including sensing, processing sensory information, and per-
forming actions in the classrooms [21]. The pedagogical agents
could serve as peers, partners, mentees, or tutors to develop as-
sociated cognitive and affective learning outcomes [22]. Beyond
personalized support, pedagogical agents can also mimic human
characteristics through human emotional attachments and build
companionship with young learners [23]. Also, the dialogic agents
can serve as an intelligent device that can detect abnormal voice
tones and sentiment in speech, and respond with therapeutic offer-
ings such as music therapy [24], to help alleviate some pain from
mood disorders [25] and adolescent depression [26].

Recent advancement in learning technology and learning sci-
ences have helped expand the range of concepts children can ex-
plore with different robotic systems and machine learning platforms.
Robotics as interdisciplinary disciplines have potential to enrich the
concepts of math, science, engineering, and computational think-
ing [27]. The effective meaningful practices to prepare teachers
to design and innovative effective teaching practices with the use
of pedagogical agents have been suggested as a promising way to
improve children’s learning experience in STEM disciplines [28].

2.2 Deficit Thinking and Special Teacher
Education

Even though pedagogical agents serve as a catalyst to make changes
in teaching and learning, it has historically been implemented in-
equitably across schools. As a result, children who come from so-
cially and economically disadvantaged communities often have
limited resources and curriculum compared to the children in the
mainstream classrooms [29]. This deficit teaching model has histor-
ically hindered children’s academic success [30], especially when
schools and teachers categorize children with special needs, and
do not understand that children with special needs are capable of
success, especially when they are able to learn through curriculum
[31].

Moreover, cultural stereotypes and deficit thinking might be
roadblocks to persuade teachers to re-conceptualize their precon-
ceived notions about children with disabilities, and view children as
capable learners who can benefit from the curriculum [32]. Teachers
who employ cultural stereotypes and deficit thinking could easily
create inaccurate characterizations of academic ability to children
[33] based on race, ethnicity, and special learning accommodations
[34]. Therefore, it is critical to prepare teachers and administrators
to become more deeply involved in multi-fold issues of equity and
design an authentic culturally inclusive learning environment [35].
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2.3 Deficit Thinking and Special Teacher
Education

Literature review have shown that teachers’ attitudes and design
beliefs about pedagogical agents affect inclusive teaching practices
in the classroom [36]. Also, their design belief might also influence
teachers’ ability to create a student-centered, interdisciplinary learn-
ing experience [37] Research also showed that authentic learning
exercises with technology led to a significant increase in teachers’
ability to design [38]. Additionally, the studies also showed that
teachers’ design beliefs could be a significant predictor of their
ability to design [39], however, the lack of design thinking could
become a barrier to technology integration [40].

Researchers and practitioners have recognized the importance of
co-design to meet the needs of diverse learners [41]. Understanding
the effective teaching practices in response to learning sciences prin-
ciples, it is critical for teachers to develop the ability to design that
create a meaningful learning experience and provide opportunities
for deepening children’s understanding of content. The ability to
design shows the promising means that help teachers to reflect cur-
riculum goals, facilitate formative assessments, and engage diverse
children in this kind of inquiry-based learning environment.

To amplify the impact of design practices, several research stud-
ies have highlighted the values of co-design with teachers in en-
gaging an authentic learning experience and involving tangible
innovation challenges. The Understanding by Design framework
[42] and Universal Design for Learning [43] provided teachers with
general guidelines for learning and teaching inclusive practices [44].
Both the “backward-design” and UDL approach allowed teacher-
educators to consider different pedagogical approaches and modal-
ities to present information to meet the demands of all children,
regardless of instructional environment and academic disciplines
[45]. Other co-design studies emphasized the values of incorporat-
ing culturally relevant practices to build design capacities to meet
the needs of diverse learners and adopt the inclusive practices [46].

Considering the complexity of the learning environment, lim-
ited research study has explored education teachers’ attitudes and
design belief towards pedagogical agents throughout the co-design
process [47]. Therefore, the research study took a mixed method
approach to explore special education teachers’ changing attitudes
and design beliefs as they utilized the pedagogical agents to create
inclusive practices. The study might further contribute to our under-
standing in the co-design process to create inclusive and culturally
responsive teaching practices.

3 STUDY CONTEXT

The co-design process was conducted on an online educational
technology program that modeled the use of pedagogical agents to
innovate pedagogical practices. The session was conducted in a to-
tal of five sessions with the emphasis on promoting computational
thinking, transfer of learning, critical thinking, problem-solving,
and decision-making. Participants were challenged to identify and
investigate inclusive pedagogical practices for introducing diverse
pedagogical agents into the classroom across disciplines. The pro-
gram met for fifteen consecutive weeks, with two sessions per
week: a two-hour session led by doctoral student-mentors. Partici-
pants were introduced to the theoretical foundations of effective
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Table 1: Co-designing Inclusive Pedagogical Agents Practices

Introduce theoretical foundations for

Explore high order thinking tasks with

Create basic simulation with the use of

Create hands-on robotic car simulation

Week Topics Hands-on projects
Phase 1 Positioning teachers as designers
with the use of pedagogical agents.  pedagogical agents
Phase 2 Exploring higher-order thinking
tasks to rethink the use of pedagogical agents.
pedagogical agents.
Phase 3 Developing problem-solving and
research skills to enhance pedagogical agents.
understanding
Phase 4 Engaging learners in collaborative
learning. in small groups
Phase 5 Conducting assessments

(Formative, summative,

Utilize pedagogical agents to conduct
formative assessments

Pedagogical agents

Exploring the use of PoseBlocks to
create interactive games

Creating chatbot in affective computing

Training Cute Bot to optimize learning
path in reinforcement learning

Engaging human-robot teaming in
computer visions

Utilizing Arduino to build the line
sensing control robot

pre-assessment).

technology use in K-12 teaching and learning, they experienced
the integration of pedagogical agents, integrated activities from
a student perspective, and then discussed their experience from
a teacher’s perspective. During the session, teachers also had the
opportunity to learn how to use pedagogical agents and apply their
knowledge to develop their own K-12 activities.

To challenge participants to identify and investigate diverse
use of pedagogical agents as learning tools across disciplines, the
researcher modeled five core instructional practices. The modeling
practices included positioning teachers as designers with the use
of pedagogical agents [48]; exploring higher-order thinking tasks
to rethink the use of pedagogical agents [49]; developing problem-
solving and research skills to enhance understanding; engaging
learners in collaborative learning [50]; and conducting formative,
summative, as well as pre-assessment assessments [51].

Through the co-design process, participants were able to utilize
and explore diverse pedagogical agents and technology platforms.
Specifically, teachers were modeled to use PoseBlocks that incorpo-
rated the hand-sensing, body-sensing, and face-sensing blocks to
design interactive games. Other modeling sessions included utiliz-
ing Amazon Alexa, a conversation robot, to design music therapy
to provide children with emotional support; train Cutebots to opti-
mize learning path while enhancing the understanding of reinforce-
ment learning; and explored vision-based vehicles to team with
autonomous agents. The session outline is shown in the following
Table 1

4 METHODS

The research focused on the use of pedagogical agents in designing
inquiry-based learning environments for students with disabilities,
especially for children from the low-income school districts. The
primary research question was in what ways the co-design process
influenced teachers’ attitudes and design belief to support children
with disabilities. The secondary research question is what are the
critical principles that prepare special education educators to de-
sign curriculum with the use of pedagogical agents to leverage
more learning opportunities for children with disabilities. The pilot
study followed a mixed-method design to analyze quantitative and
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qualitative data to capture the change of teachers’ attitudes and
design beliefs through the co-design process. The study was imple-
mented in inclusive classroom settings in both public and private
elementary schools in the New York City and Connecticut areas.
Both school districts had diverse urban centers, and populations
of learners with diverse learning needs. A total of twenty teachers
were recruited, including teachers who (i) were full-time employees
in inclusive classrooms; (ii) those who had at least one to two years
of teaching experience; and (iii) a demonstrated commitment to
participating in a six-month intervention. The children from the
twenty participating teachers’ classrooms also participated in the
research study.

4.1 Procedures

Throughout the intervention, the researcher worked with both
teachers and children to interact with pedagogical agents through-
out the 15 weeks intervention. Because situating is a critical element
in the study, the researcher first worked with participating teach-
ers to model diverse techniques from both teachers and children’s
perspective with the use of pedagogical agents. This included 1)
exploring the use of PoseBlocks to create interactive games; ii) cre-
ating a conversational Al bot to introduce affective computing; iii)
training Cutebots to optimize learning path to introduce reinforce-
ment learning; iv) engaging human-robot teaming in computer
visions; and v) utilizing Arduino to build the line sensing robot
to introduce interaction. Then, the researcher worked with teach-
ers to co-design a project with the integration of the pedagogical
agents. Finally, the researcher supported the implementation of the
co-design curriculum in the classrooms and served as resources
to support children with disabilities. A follow-up reflection was
conducted to capture the shifts of teachers before and after the
intervention.

4.2 Instruments

The study adapted the assistive technology pedagogical belief ques-
tionnaire that uses Likert scale to measure three core constructs
related to technology: beliefs about pedagogical agents to deliver
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instruction, differentiate instruction; and create inclusive environ-
ments [52]. The values of Cronbach’s a ranged from .874 to .9 for
three domains of the teacher questionnaire; the overall value of .89
indicated high internal consistency of the classroom observation
protocol [53].

4.3 Data Collection and Analysis

Quantitatively, the survey was administered during the beginning
and the end of the program using Qualtrics. In addition, a semi-
structured survey with four open-ended questions about the ex-
periences in using instructional technology to design projects for
classroom teaching and learning was administered weekly and used
to interpret results of quantitative analysis. Qualitatively, teacher
interviews were collected to capture the interactions, including
engagement, participation, interests’ development through the in-
tervention. Teacher interviews were conducted to analyze teachers’
attitudes and beliefs towards pedagogical agents on their classroom
practices through the open-ended questions mentioned above. For
example, some items asked included: How much value do you see
pedagogical agents to support classroom lessons in supporting chil-
dren with special learning needs (Question 4) and how flexible do
you think the pedagogical agents can support curriculum design
and plan to support children with special learning needs (Question
5). The researcher conducted teacher interviews before and after
the intervention to capture shifts in teachers’ perceived usefulness
of pedagogical agents for delivering instructions, differentiating
instructions, and creating inclusive environments. Also, the inter-
view protocol invited teachers to share external factors that might
facilitate and inhibit the implementation of pedagogical agents to
allow the researcher to explore diverse decision-making factors
in this context. Classical content analysis based on the key theme
from the core classroom observation, interview, and open-ended
questionnaires were used to analyze contextual and personal fac-
tors that might contribute to both student-level and teacher-level
learning outcomes. Student artifacts were analyzed throughout the
co-design process.

5 RESULTS

5.1 Quantitative Analysis

Participants generally achieved an average level (M = 4.76, SD
=0.03) in week sixteen. Participants started at the agreement level
based on their perception(s) of the usefulness of pedagogical agents
(M =4.31, SD = 0.26) in week one. Participating teachers’ perceived
usefulness of pedagogical agents decreased from week two (M =
3.91, SD = 0.42) to week four (M = 3.5, SD = 0.1). Beginning in
week five, participants’ perceived usefulness of pedagogical agents
increased and then fluctuated between weeks five (M = 4.26, SD
=0.32) through seven (M = 4.36, SD =0.2). During weeks eight and
nine, perceived usefulness plateaued (M = 4.7, SD =0.08). By the
end of the program in week fifteen, most participants recognized
the values of pedagogical agents in designing projects (M = 4.76,
SD =0.03). One-way repeated measures ANOVA was performed
to compare the effect of time on the perceived usefulness of peda-
gogical agents to provide instruction, differentiate instruction, and
create an inclusive environment. Mauchly’s test indicated that the
assumption of sphericity had not been violated y2(5) = 3.471,p =
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.612. This conclusion was supported by the Greenhouse-Geisser
estimates of sphericity value very close to 1 (¢ =.934) and by the
perfect Huynh-Feldt estimate (¢ = 1.000). Thus, time had a signifi-
cant effect on the mean of the perceived usefulness of pedagogical
agents, F(2, 37) =27.25, p < 0.01 with medium effect size (w2 = .60).
A repeated contrast test indicated that teachers’ perceived useful-
ness of pedagogical agents increased significantly from the first
five weeks to the middle five weeks (4.02+0.09 vs. 4.06+0.1, respec-
tively), which was not statistically significant (p = 1.0). However,
the last five weeks increased to 4.72+0.07, which was statistically
significantly different from the first five weeks (p < .001) and the
middle five weeks (p < .001). Thus, implementing the co-design
process in the two participating schools resulted in a statistically
significant increase in teachers’ pedagogical thinking in perceiving
the usefulness of pedagogical agents, but not after only four weeks
of training.

5.2 Qualitative Analysis

5.2.1 The didactic use of pedagogical agents. Emerging themes
from pre-interview revealed that teachers initially revealed that
for the most part, technology was used primarily in a didactic
way. In the ELA classroom, teachers encouraged children to build a
chatbot to raise the awareness of environmental science. As a follow-
up assignment, children were encouraged to match vocabulary
with key concepts to design the chatbot. In the science classroom
of school B, the teacher used the game-based media software -
BrainPOP - to explain the impact of the light on plants. In the
technology classroom of School II, the teacher assigned children to
work on projects at code.org with a set of instructions. No evidence
was found that teachers used technology to innovate pedagogy or
to create a student-driven inquiry learning environment before the
intervention.

5.2.2  The usefulness of pedagogical agents for inclusive education.
Emerging themes from the field notes and post-interviews pro-
posed that teachers perceived the usefulness of pedagogical agents
to differentiate instruction that supported children with disabilities.
During the interview, teacher participant 3 expressed this: by vi-
sualizing the PoseBlocks, children could more easily understand
the concepts of face sensing and body sensing. Teacher 10 from
School II shared that “combining drama with technologies was a
fun way to make these projects and develop their creativity” in
the implementation phase. The teacher participants took an ac-
tive approach to work with the researcher to incorporate different
hands-on challenges into their daily classroom teaching to support
children with disabilities.

5.2.3 Teachers’ attitudes about the role of the teacher as designers.
Field notes and teacher post interviews suggested that teachers were
gradually aware of the value of design and felt excited that their
children were more engaged in the inclusive teaching projects us-
ing pedagogical agents. Throughout the co-design process, most of
the teacher participants recognized the value of engaging children
in pedagogical agents that further developed children’s problem-
solving and analytical thinking skills through the design process.
Teacher participant 5 explained that “[children] will learn about
their personal impact on our climate and immediate environment
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and how that can be measured [by using the PoseBlocks].” Teacher
participants identified the common advantages to become designers
to create inclusive teaching experience. For instance, teacher partic-
ipant 11 expressed the excitement to use conversational chatbot to
engage conversation and acknowledged the values of pedagogical
agents by stating “I want to [integrate] fun chatbot projects for chil-
dren to explore environmental science”. Teacher participant 11 was
aware of the importance to design lesson projects that helped chil-
dren to make connections with abstract concepts, developed their
understanding of Al literacy, and encouraged children to conduct
research to deepen their knowledge of the ideas.

5.24 Leadership support to facilitate the immersive learning experi-
ence. Qualitative data suggested that teachers’ decision-making in
selecting pedagogical agents was multifaceted, depending upon the
available resources in schools and districts (e.g., public, or private
institutions), structural support (e.g., administrative support, co-
planning), and professional development (e.g., instructional support,
innovative teaching methods). Leadership support was identified
from the qualitative analysis of the teacher interviews. Although
administrators expressed the need to support and develop teach-
ers’ ability to design curriculum, teachers expressed the need for
administrative support to do the work. One school principal en-
couraged teachers to rethink the existing curricula in special needs
classrooms to design inclusive teaching practices. Teacher partic-
ipants also approached their principal and expressed the need to
think about pedagogical agents to support interdisciplinary, cul-
turally relevant projects while engaging children’s interests across
disciplines.

6 DISCUSSION

The initial pilot study showed that upon completion of the co-design
process, on average, participating teachers’ scores for attitudes to-
wards the usefulness of pedagogical agents increased significantly
with medium effect sizes. These changes might be attributed to the
program design, specifically, inclusion of co-design process that
position teachers as designers, situate the process to utilize ze ped-
agogical agents in the classrooms, model of pedagogical practice,
focus on high-impact teaching strategies, and choice of an interac-
tive online platform. These results are consistent with findings by
Banda & York [54] who demonstrated that an authentic technology-
enhanced learning environment could be one of the factors leading
to positive changes in the attitudes towards technology integration
and self-perceived usefulness of technology. For instance, in the
beginning of the program, teacher participants expressed some
discomfort with using pedagogical agents for teaching as evident
from the following comment made by teacher participant 16: “I
think it is also a challenge for me, it also needs the [integration] of
PoseBlocks, which I cannot proficiently use now” (week 2 survey).
Similarly, teacher participant 1 indicated that “To be honest, I don’t
have much confidence at the moment” (week 2 survey). By the end
of the week 4 teachers expressed higher confidence in their abilities
to integrate pedagogical agents into teaching a specific topic of
their choice, as evident from this statement from the same teacher
participants: “After four weeks [of] explorations and lessons, I felt
more confident to use PoseBlocks [technology platform] to intro-
duce the topic of social robots” (week 7 survey). Teacher participant
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1 progressed and explained that “I learned how to use the tools of
PoseBlocks in teaching to diversify the curriculum (week 7 survey).

The fluctuation between weeks five (M = 4.26, SD =0.32) through
seven (M = 4.36, SD =0.2) in their views about the perceived use-
fulness of pedagogical agents could be explained by the fact that as
participants engaged in the co-design sessions, they have realized
the complexity to use it as an instructional tool and integrate it
into the curriculum to meet the needs of diverse learners. A third
of participants stated that they are gaining a sense of confidence
in using pedagogical agents for specific tasks and starting to feel
comfortable using the tools, however, they expressed the need for
continuous support to design, create, and implement the projects.

Additionally, prior to intervention, it seemed that teachers relied
more on “techniques” for control and incremental skill acquisition
and missed the need to teach for understanding. The underlying
assumption of teachers’ pedagogical belief was not based on the
science of learning and development that equipped children with
the skills to “find, analyze and apply knowledge” in real life. For
example, teacher participant 4 created a list of task-oriented tasks to
improve children’s understanding of data. The teacher created a list
of question banks for children to evaluate the concept of data, then
required children to complete a quiz to assess their understanding.

After exploring diverse applications of pedagogical agents, the
teacher participants were more reflective on the use of diverse
pedagogical agents and appreciated the value of design to create a
student-centered learning environment.

The plateau between weeks eight and nine (M = 4.7, SD =0.08)
could be explained by the fact it takes time to gain knowledge
repository and skills to utilize pedagogical agents into classroom
teaching. Having been exposed to co-design teachers, participating
teachers require more preparation and practice to be able to create
projects. This was also explained by teacher participant 15, “I would
want to know about [pedagogical agents] before designing the
projects” (week 9 survey)”.

By the end of the program in week fifteen, most participants
recognized the values of pedagogical agents in designing projects
(M = 4.76, SD =0.03) could be explained by the program support
structure and participants’ interests in the co-design process. It was
an elective program, so participants who were selected to enroll in
it were already interested in the topic and believed in the role of the
teacher in cultivating effective learning experiences for children
This is evident from the following comment by the participants
made in week 1 survey: “[The co-design] enriched my learning
about how to integrate technology in education and learn about
how to design projects [in using pedagogical agents] (Participant
16)”.

7 CONCLUSION

Overall, the study seeks a way to explore the co-design process to
support special education teachers who serve children with disabili-
ties to design inclusive practices with the integration of pedagogical
agents. The overall results revealed a statistically significant shift
in terms of teachers’ attitudes and design beliefs to design inquiry-
based projects that integrated pedagogical agents. The initial qual-
itative results also showed the importance of co-design process
to strengthen the design capacity for special education and give
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them ownership to design projects that are inclusive and culturally
meaningful for children Also, the co-design process showed the
values for special education teachers to re-conceptualize teaching
practices and rethinking the use of pedagogical agents to innovate
inclusive pedagogical teaching.

The ongoing technological and pedagogical challenges require
a more nuanced understanding of pedagogical agents through-
out the co-design process to meet the needs of diverse learners.
Beyond teaching and professional development, administrative sup-
port is critical in leveraging opportunities for children with special
learning needs. Future studies should examine the administrative
support, pedagogical practices, and resources existing in schools
serving children with special needs and how the principal supports
teachers in common planning and teaching [55].

Human robot interaction as a rather complex process requires
ongoing efforts from interdisciplinary collaboration to understand
effective factors that contribute to learning autonomy of children
with special needs, examining critical learning outcomes in relation
to pedagogical agents, and developing teaching capacities and abil-
ity to design inclusive practices [56]. By exploring the co-design
process, the study has potential to raise awareness for and broaden
access for providing children with disabilities to a diverse learning
experience by strengthening teaching capacities [57].

Finally, to create a systematic design process to improve teach-
ing practices, this research suggested an ongoing need to create
a common societal understanding of inclusive education to move
beyond “inclusion” and the cultural, institutional, and educational
boundaries of the school system [58]. It is a joint effort to create
an equitable while collaborative learning environment to support
children with learning differences in pedagogical agents by strength-
ening the capacities of educators, teachers, school administrators,
and district leaders and design an inclusive learning experience
[59].
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