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Abstract—This research full paper describes our work on the 

development, and evaluation of a physically-embodied robot 
teacher (PERT) as a facilitator for Peer Instruction (PI) in a high 
school science classroom. Embodied pedagogical agents are 
particularly useful in teaching young learners because of the 
engagement, and enjoyment they engender. Teaching robots are 
among possibilities in the future classroom; they may also 
represent solutions to the looming, acute global teacher scarcity. 
However, their design creates unique computational challenges. 
Moreover, robot-human systems involving a single robot in 
interaction with multiple humans, are not common. PI has been 
reported in many studies as a learner-centered approach that 
supports conceptual learning, metacognition, cognitive load 
sharing, and higher order learning, through peer scaffolding. 
However, existing studies have reported only applications by 
human teachers in regular classrooms. This study highlights an 
approach for enabling a PERT as a PI facilitator. Based on 
conflicting reports of the significance of agent embodiment for 
learning, we present the report of two experimental studies from 
our assessment of the system, employing the mixed method 
approach. We compared participants’ perception of the robot’s 
social presence and teaching quality when the robot is physically 
present and when it is absent (voice-only). Our findings are based 
on data from 14 participants in each study. The Social Presence 
indeX (SPiX) and the teacher quality index (TQI) were used for 
quantitative data collection for social presence and teaching 
quality, respectively. Qualitative data were based on live 
observation and participants’ open-ended feedback. Quantitative 
findings show no significant difference in participants’ 
perceptions in both conditions but qualitative feedback provided 
more information. Our findings show: i) students are willing to 
accept non-human teachers, and ii) their expectations of them are 
similar to those for human teachers; iii) an improved affective 
system will promote increased presence; iv) participants noted 
the robot as ‘neutral’, with important implications for culturally-
responsive education; v) robot teachers could be potential 
technology-inspired solution to global teacher scarcity and vi) in 
addition to promoting deeper learning, PI can be a useful 
pedagogical approach for non-human teachers. This study is in 
line with anticipated ability of future technological advancements 
to support machines that are as effective as intelligent human 
tutors. 

Keywords—robot teacher; embodiment; pedagogical agents; 
PAs; peer instruction; social presence; teaching quality. 

I.  INTRODUCTION 

Embodied pedagogical agents (PAs) can support fun, and 
enjoyment and can be very useful and effective with young 
learners, especially when engaged within collaborative 
learning. Teaching robots are among the possibilities envisaged 
in the future classroom. Key challenges with their design 
however, includes the ability of such systems to simulate 
important concepts in human-human interaction that are 
significant within learning environments (LEs). Robot-human 
systems were also mostly one-robot-one-human rather than 
one-robot-multiple-humans. This has educational significance 
especially in terms of collaboration, and requires appropriate 
pedagogical paradigms for effective implementation. 

PI is a learner-centered, learner-led, collaborative approach, 
whereby students are guided through a series of well-defined 
steps intended to foster conceptual learning and metacognition. 
It incorporates peer-teaching within social learning. PI 
combines the advantages of many techniques in the design of 
its step-wise procedure, making the learner the focus of 
instruction, and the instructor a true facilitator. Its 
implementation leverages procedures deliberately intended to 
foster higher order thinking, and it has been reported in many 
studies as an effective approach for enhancing meaningful 
learning [1], motivation [2] and for promoting student voice, 
and social learning, among others. However, these studies have 
reported only applications by human teachers in regular 
classrooms. The possibility of an autonomous instructional 
system engaging PI approaches has not been the focus of many 
studies. This study highlights an approach for enabling an 
autonomous robot as a PI facilitator. We report on a single 
robot, the physically-embodied robot teacher (PERT), in 
interaction with multiple humans in a regular classroom 
setting. We also report the design challenges, responses from 
learners to the PERT system, and how we address affect in the 
design of the system. The PI approach is employed in the 
study, highlighting the PERT in a facilitator role in line with 
[3], on the ability of current technological advancements to 
support machines capable of playing the roles of intelligent 
human tutors. The key novelties of this study are focused on 
students’ response to a non-human teacher; the role of an 
improved affective system in promoting increased presence, 
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students’ perceptions of the robot in the teacher role and the 
potential implications for education, as well as the role of PI as 
a pedagogical approach for non-human teachers. The study 
aims to make further contribution to the literature on the 
potential of future technological advancements to support 
machines that are as effective as intelligent human tutors. The 
remaining part of this paper is divided into four sections 
describing related work (II), the PERT system (III), proxemics 
in PERT system design (IV), evaluation of the initial prototype 
(V) and, conclusion and future works (VI).  

II. RELATED WORK 

A. Physically Embodied Pedagogical Agents  

Pedagogical agents are simulated, visually represented, 
learner-content interfaces. Within LEs, they can serve as 
instructors or motivators while interacting with learners 
through gestures, facial expressions and natural language [1]. 
Several studies have reported on PAs and their educational 
significance [2]–[4]. The role of the PAs' image, voice, and 
language style as well as the significance of coordinated 
behaviors in its believability has also been investigated [5]. As 
early as the mid-80s, researchers [6] had contended that 
technological developments within computing, artificial 
intelligence (AI) and cognitive psychology had reached the 
point where they can support computer systems that are as 
effective as intelligent human tutors. ‘Methodologies that will 
make qualitative changes in the ability to instruct students [7] 
however requires further investigation. In line with [7], [8] 
reported effect size 0.76 for Intelligent Tutoring Systems 
(ITS)’s effectiveness that is comparable to that of human tutors 
of 0.79. Their work suggests that the next-generation of ITSs 
may be capable of successfully playing the roles of 
independent instructors. Physical embodiment of PAs is in line 
with the theory of embodied cognition. According to [9], ‘the 
optimal embodied intelligent agent is a robot, not 
distinguishable from a human’. However, human 
communication transcends spoken or body language, and 
includes stereotypes, therefore, social constructions, 
preconceptions and other affective concepts will still remain 
challenges for the best programme for embodied PAs. 

B. Social Interaction and Classroom Engagement 

Social interaction had focused on human relationships and 
leveraged verbal or non-verbal communication in all settings, 
including LEs. [10] emphasized the impact of social interaction 
on student learning, and, the benefits of social learning have 
been in their ability to leverage possibilities within social 
interaction settings. Social interaction is thus a key factor in the 
design of any learning system. Various studies [11], [12] have 
emphasized the critical role of non-verbal communication in 
promoting learning. Teachers’ non-verbal behaviour are known 
to also contribute to students’ judgments about their 
competence or character [13]. Recent changes in social 
interaction within human-nonhuman contexts necessitates 
novel theoretical ideas on people's attitudes and behaviors 
toward nonhuman entities. Since previous classrooms were 
designed for practical purposes, designs in the digital age must 
also address factors that are critical to students’ learning and 

changes in the society. In the age of advanced technology-
aided instruction, AI, and robotics, issues like classroom-based, 
human-nonhuman interaction and their significance for 
education, requires careful consideration. 

C. Social Presence and Agency 

Social presence, and agency, refer respectively to ‘the sense of 
being there’ [14] and ‘the capability of individuals to make 
choices and act on those choices’ [15]. As machines are 
becoming acceptable features of everyday human life, they are 
also seen playing many roles within LEs. Robots as teachers is 
still novel, and studies reporting robots as independent 
instructors are scarce, though the concept is already being 
discussed [16], [17]. A robot has no concept of personal space 
or awkwardness [16]; however, social presence or agency will 
be impossible for such a teacher. Moreover, it has been 
demonstrated that space-aware agents exhibit better natural 
behaviour [18]. Social presence is directly linked to agency. 
Within classroom interactions, the questions of agency, and 
learners’ perception of teaching robots, compared with human 
teachers, are legitimate. In addition, the significance of agent 
embodiment for learning remains inconclusive in the domain of 
education research. To address these questions, we 
implemented the PERT system. We intend to test some 
hypotheses regarding the concept of embodiment, and how this 
impacts its capability as a teacher, and its social presence, 
based on students’ perceptions. To assess social presence, we 
evaluated its indicators based on [14], capturing 12 indicators 
of social presence as physical, social and affective attributes in 
the Social Presence indeX (SPiX). More details are provided 
on instrumentation in Section V. 

D. Classroom Proxemics 

In the earliest conceptions of proxemics, spaces were 
described only in terms of distance between interactants [19]; 
Hall [20] ascribed specific metric values to these distances. An 
expanded idea of proxemics [12] however captures additional 
information on identity, movement, and orientation [21]. These 
factors, when integrated with time, can provide very useful 
information in interaction design and can be especially 
important for programming machine response. Factoring 
proxemics information into interaction design of a robot 
teacher can thus contribute towards creating a system that 
closely approximates natural expectations from a human 
teacher. In addition, mapping the orientation of relating 
entities, can provide information about student engagement, 
with potential to support the teacher in achieving classroom 
management [22]. Similar approaches are employed in context-
aware learning systems [23], [24], and robotic systems [25]. 
Overall, proxemics elements have significance for classroom 
management and student engagement. Attention, a key 
precursor of engagement [26], is the inherent focus of 
proxemics designs, with instructional or classroom proxemics 
[27] focusing on the use of classroom space. Classroom 
proxemics can therefore represent an important factor for 
building the architecture for a robotic instructor. 



E. Effective Learning through PI 

The design of PAs is mostly situated within the theories of 
instructional scaffolding [28] which addresses the role of a 
‘more knowledgeable other’ or MKO in providing scaffolds to 
assist a learner to move across a gap in level of understanding 
or competence, to another level. This gap is known as the ‘zone 
of proximal development’ (ZPD). Scaffolds are conceived as 
temporary support systems provided by the MKO, who may be 
an instructor, or a peer who had already crossed the ZPD. PI 
exemplifies this MKO role, and it is achieved through the 
creation of social learning opportunities within collaboration. 
Peer scaffolding in PI is the focus of the peer discussion 
sessions which also supports conceptual learning through the 
quiz and voting. PI is based on active learning theories [29]; 
and among activities considered useful for active learning are 
collaborative and communication activities and use of clicker 
questions, which are all directly linked to PI [30]. 

During PI, the instructor introduces a conceptual quiz item, 
students select their choice of answers from some options using 
Classroom Response System (CRS) or voting device, after 
which they discuss with peers on the rationale behind their 
choice [31]. The instructor provides explanations where 
necessary to clarify the answers. PI thus supports conceptual 
learning through an unconscious metacognitive strategy, in 
addition to making the class more interesting and engaging. PI 
also providing feedback to the instructor for pedagogical 
improvement. Due to the central place of the learner in the PI 
framework, the method can support the role of a non-human 
instructor within a collaborative LE. The combination of 
factors related to proxemics, social presence and agency, and 
their implications for social interaction therefore underpins our 
design of the context-aware, PERT system. 

III. THE PERT SYSTEM 

A. Hardware and System Architecture 

Proxemics interactions are visible in the design of context-
aware media players [21], mobiles [32], and large-screen 
ambient displays [33]. However, practical designs focusing on 
teaching and learning are scarce. We describe here, the design 
and development of the PERT system. We employed 
VStone’s1 so(cial) ta(lker) or Sota robot, in our work. Sota 
robot is shown in Figure 1. It was originally designed as a 
companion robot for the elderly; however, for the development 
of the PERT system, Sota was reconfigured as a basic science 
teacher. The choice of subject content being in line with current 
focus on STEM areas.  

Sota is 24cm high, legless, with many degrees of freedom 
in its head, neck, eyes, and arms. It can rotate on its base and 
move its arms, neck, and head as well as change the colour of 
its eyes and lips. These features were leveraged for simulating 
affect as well as social presence and agency in our project. 
There is an internal logic sub-system that controls and 
coordinates the PERT system by deploying several timing 
controls and functions, and yielding social cues (motion, facial 
expression, etc.) as outputs. It is written in python language 

                                                           
1 https://www.vstone.co.jp/english/  

based on the availability of free programming libraries (API) 
and the ease of deployment in our project. 

 
Fig 1. Sota Robot 

A router coordinates data integration between sensors, the 
voting devices, and the robot, allowing for data transmission 
within the system. 

B. Instructional and Classroom Response Systems 

The instructional system is based on PI, with focus on the 
elements of ConcepTests, voting, and peer discussion [34]. The 
effectiveness of learning through PI lies in its procedure; with 
the discussion sessions representing the ‘learning-by-teaching’ 
process. The CRS employed was developed by our team; it 
comprises of a web application (to support accessibility across 
various mobile platforms) written in HTML and PHP and a 
database server. Information received through input from 
students’ voting are stored in the database which is hosted on 
MySQL server from where the results are displayed as charts 
that can be viewed on a projector screen. The robot’s motion 
library is provided by VStone Co. Ltd; it is written in Java 
language and allows manipulation of the robot’s motion, and 
posture. A data socket summons the java programmed motion 
via the internal logic program written in python language. 
Several modules are implemented in the design for proper 
coordination; there were silence, text-to-speech, slide display, 
and quiz display modules among others. An example of the 
text-to-speech module is shown below: 

def talk(statement): 
    engine = pyttsx.init() 
    engine.setProperty('rate', 120)  

 #   voices = engine.getProperty('voices') 
engine.setProperty('voice','HKEY_LOCAL_MACHINE\SOFTWARE\Microsof
t\Speech\Voices\Tokens\TTS_MS_EN-US_ZIRA_11.0') 

    engine.say(statement) 
    engine.runAndWait() 

C. Lesson Modules and Implementation 

 Lesson modules are loaded as graphic files on the robot’s 
instructional programme. A complete lesson is captured in a 
folder assigned an identification tag for the topic (e.g. CHEM 
101 was the first basic chemistry lesson). The system can 
capture multiple subjects and/or topics in this manner. At the 
beginning of the class session, the PERT welcomes the 
students to class, introducing himself, ‘Hello, my name is Sota. 



I am your chemistry teacher…’ An external PC augmenting its 
internal processing system is connected to a projector and 
screen for displaying information on the lesson. It then requests 
the students to introduce themselves, ‘please mention your 
name and your hobby’. The system activates the silence 
module at this point and waits for each student to make a 
personal introduction. It closes this session by relying on the 
same module which enables it to sense the absence of further 
response from students. The system is programmed to enable 
continuation of the session after 5 seconds of silence. 

 After the introduction, the PERT requests students to 
register their attendance using the CRS application provided. 
The app captures name and image input from the user. The 
information is deposited in a database accessible to the PERT 
for identifying i) students present in a specific class session, ii) 
students who have/have not submitted response to the quiz 
items, and iii) to select a random student to start the discussion 
session. It begins the teaching session, with ‘today, we are 
going to be discussing the topic…’ the screen display changes, 
showing the first lesson slide and topic. The PERT continues 
the lesson, posing the first ConcepTest, displayed on the 
screen, and asks students to select their answer by using the 
CRS applications provided. This is the voting procedure in PI. 
Students’ choices are displayed on the screen while the teacher 
prompts for discussion by requesting students to justify their 
answer choices by discussing with their colleagues. 

IV. PROXEMICS IN PERT SYSTEM DESIGN 

A. Login and Registration:  

The initial login with name and image capture employs the 
GUI of the voting application; it is required only at first login. 
It enables the teacher to ‘identify’ students in the class and to 
call up students’ names, for example, during discussions. This 
use of students’ names, have significance for classroom 
management, social interaction, presence and agency and is 
been reported to have important implications for learning. 

B. Greetings 

They are considered an expression of interest; they provide 
a platform for building interaction, creating an atmosphere of 
acceptance and foundation for further interaction. [35] 
emphasized the place of greetings as a necessary requirement 
for participation in any speech community, and teacher 
greetings have also been reported to increase test scores [36]. 
All these underscore the place of greetings in social interaction. 
The PERT’s first attempt at building a link with the students 
was therefore greetings. 

C. Attention Allocation: 

 The teacher’s ability to ‘recognize’ students’ presence in 
the class is central to agency and social presence. Student 
identification by the PERT system provides a means for 
supporting ‘teacher immediacy and social presence’ [62], 
confirming the significance of attention allocation for higher 
levels of social presence or agency. Apart from being able to 
call out students’ names, the robot could also randomly select a 
student to lead the peer discussion sessions.  

D. Turn-taking: 

 Turn-taking is a rule in social interaction; it is linked to 
politeness and appropriateness of conduct. During the 
introduction and discussion sessions, the robot ‘senses’ silence 
which it interprets as time to take turn to be quiet, or continue 
the on-going process, thus obeying the turn-taking rule of 
social interaction.  

V. EVALUATION OF THE INITIAL PROTOTYPE 

Following, we report two studies conducted with the PERT 
system. Reports of studies on the significance of agent 
embodiment for learning is conflicting, while some researchers 
report no effect on learning [37], significant effects were 
reported for embodiment and presence in certain conditions 
and no effect in other conditions [38] for the same system. 
Hence, we set out to assess the significance of embodiment and 
presence for students’ perception of an agent’s social presence 
and teaching quality. Detailed objectives of each study are 
provided in the appropriate sections. Both studies however, 
have a common objective of identifying areas for system 
improvement. Some participants in the studies are shown with 
the PERT in Figure 2.  

Figure 2: Some participants from a Johor Bahru High School in the study 

Mixed method design was employed in both studies with data 
collected from 14 participants in each study. For both studies, 
two conditions were specified and participants were divided 
into two groups of 7 for the conditions. In condition 1, the 
robot delivered the lessons and interacted with the participants 
based on audio only; this is the without-robot session. In 
condition 2, the robot was physically present during the lesson. 
The same lesson was however delivered in both cases and the 
same procedure was maintained with both groups. Table I 
presents the summary of the studies and how the research 
objectives are addressed and presented in the mixed design 
study.  

TABLE I: SUMMARY OF STUDY FOCUS, METHOD AND RESEARCH OBJECTIVES 

Study RQ Focus Quant Qual

I 1 Rating of PERT’s social presence based on 
embodiment type  

√

2 Significance of embodiment for rating of SP √
3 Learner expectations √
4 System’s effectiveness √

II 5 Rating of PERT’s teaching quality based on 
embodiment type  

√

N/A 6 Significance of embodiment for rating of TQ √ 
All 7 Implications of findings, project challenges & 

improvement plans 
Sum of 
findings



A. STUDY 1: INITIAL ASSESSMENT OF THE PERT 
SYSTEM 

The first study aims to assess: i) learners’ perception of the 
robot as a socially present entity based on its physical presence 
or absence; ii) participants’ expectations and perceptions of the 
teacher in terms of personality, teaching style, and limitations; 
iii) participants’ perception of system effectiveness for 
promoting conceptual learning. 

 The quantitative instrument employed is the social presence 
index (SPiX), a 33-item questionnaire, based on the networked 
minds social presence inventory [14]. It assesses social 
presence based on physical (PHY), social (SOC) and affective 
(AFF) attributes sub-divided into 8 sub-attributes. We report 
the internal consistency as a measure of reliability for the 
instrument based on coefficient alpha. Alpha for SPiX is 0.90. 
However, since the co-efficient alpha is a reliability measure 
associated with a sample characteristics [39], we calculated 
alpha for the instrument. Co-efficient alpha 0.89, shows it is a 
reliable instrument [40] for the purpose of this study. The 
number of items and summary descriptions of the sub-sections 
of SPiX are provided in Table II: 

TABLE II: DESCRIPTIONS OF THE SECTIONS AND SUB-SECTIONS OF SPIX 

Attribute/ No. 
of Items 

Sub-
attributes 

Description 

Physical/17 PEMP physical embodiment or presence
 PATN attention allocation to other agents
 PMSU perceived reciprocal message 

understanding 
 PSYM believable verbal/non-verbal behavior &

use of symbolic expression 
Social/13 SRUL observation of the rules of social 

interaction 
 SCTX communication; and simulation of contex-

related/specific behavior 
 SMEM social memory 

Affective/3 AFF reciprocal affective understanding, and 
behavioural interdependence, clear 
emotional system 

 

Responses to the SPiX are based on 5-point Likert feedback 
with Strongly Disagree (SD), Disagree (D), Neutral (N), Agree 
(A) and Strongly Agree (SA).  

Quantitative Results and Discussion 

Research Question 1: How did learners perceived the 
PERT as socially present based on physical presence or 
absence of the robot? 

Feedback is based on Likert responses to the SPiX, 
showing overall disagreement (SD + D), Neutrality (N), and 
overall agreement (SA + A). Responses for the group with a 
physical robot present is shown in Figure 3, and for the group 
with no physical robot in Figure 4. Figure 3 shows that a good 
percentage of the respondents in the ‘without robot’ group did 
not take a position regarding the robot’s social presence as 
seen in the high percentage of neutral responses. For the group 
without robot, disagreements were almost always higher than 
agreement (7 of 8 cases), with higher agreement noted only for 
social memory (SMEM) which incidentally, is the only case 
where there is no disagreement. 

Fig. 3: Percentage Score on Social Presence Sub-Attributes by All 
Participants based on SPiX Responses by Participants in the ‘Without Robot’ 
Group. Items on the y-axis are based on the descriptions in Table I. 
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Fig. 4: Percentage Score on Social Presence Sub-Attributes by All 

Participants based on SPiX Responses by Participants in the ‘With Robot’ 
Group. Items on the y-axis are based on the descriptions in Table I. 

 
This is not surprising, considering that the PERT could 

address participants’ by name. The high number of neutral 
responses could not be easily explained though it could be 
attributed to the ‘faceless’ status of the ‘teacher’. The high 
negative perception of the teacher’s social presence is in line 
with key challenges already noted with socialization in virtual 
LEs [41]. This may be directly related to the absence of the 
socio-psychological dimension of the interaction with the 
physical absence of a robot since the properties of an unseen 
agent may not be easily evaluated. The fact that all the 
participants were having a novel experience with the PERT 
system (based on zero prior social encounter with a physical 
robot reported by all) is also a factor that might have affected 
their response. 
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Feedback from the group with a physical robot (Figure 4) 
is in contrast to that for the ‘without robot’ group. Agreements 
on the robots’ social presence were higher (7 of 8 cases) than 
disagreements. Higher disagreements were noted for the use of 
symbolic expressions and non-verbal behavior (PSYM) and 
affective attributes (AFF) with high ratings for social 
attributes. The PERT’s programming supports a simulated 
recognition of other agents and expressions indicating 
reciprocal perception of the same, and may explain the 
observation. However, since the PERT was only capable of 
basic programmed motions and simulated responses; the place 
of quick, believable and appropriate responses in addition to 
context-related and context-specific behaviours might explain 
this finding. Instructor immediacy and presence, with a linear 
combination of both have been reported to have statistically 
significant positive relationship with student motivation, 
cognition and affective learning [42] among others. Factors 
capable of improving immediacy [43] can thus contribute to 
presence and agency. Improved affective attributes as well as 
more rounded social and physical attributes can increase the 
believability of the non-human teachers and heighten learners’ 
perceptions of its social presence and agency with consequent 
improvement in satisfaction, motivation and overall learning. 

Research Question 2: How does the physical presence or 
absence of the robot affect students’ perception of its 
social presence? 

To answer RQ2, we evaluated the significance of the 
difference in rating by the two groups. The test statistics is 
presented in Table III. The test shows no significant difference 
in the overall evaluation as well as 7 of the 8 attributes by the 
two groups and indicate that embodiment type does not 
significantly influence participants’ rating of social presence. 
However, similar to the observation in the descriptive 
statistics, there was a significant difference in rating for SCTX 
(communication and simulation of context-related or context-
specific behaviour). This is easily understandable from the 
capabilities of the PERT. 
 
TABLE III: TEST STATISTICS FOR COMPARISON OF SOCIAL PRESENCE 

* PEMP PATNPMSUPSYMSRULSMEM SCTX AFF P S SP 
Mann-
Whitney 
U 

13.0 16.50 11.0 18.00 13.00 21.00 9.00 12.5014.5012.0011.50

Wilcoxon
W 41.0 44.50 39.00 46.00 41.00 49.00 37.00 40.5042.5040.0039.50

Z -1.6 -1.04 -1.74 -.85 -1.48 -.45 -2.00 -1.56 -1.28 -1.61 -1.66
Asymp. 
Sig. (2-
tailed) 

0.10 0.30 0.08 0.40 0.14 0.65 0.05 0.12 0.20 0.11 0.10

*See item descriptions/legend in Table I | P=physical attributes; S = social attributes; SP =
overall social presence 

[38] reported more accurate perception of non-verbal 
communication when the embodied agent is physically present 
though also cautioned that the significance of embodiment 
may be linked to limitations of the agent. 

Qualitative Results and Discussion 
In this section, we address research questions 3 and 4, based 
on the qualitative data from observation and open-ended 
feedback from participants. 

Research Question 3: What are learners’ expectations and 
perceptions of the PERT in terms of personality, teaching 
style, and limitations? 

We focus on participants’ perception of the robot’s social 
presence, evaluated based on agency, classroom management, 
and overall teaching and learning. We asked participants to 
comment on the ‘personality’ of the ‘teacher’ and their overall 
perception of the PERT system. Participants in the ‘no robot’ 
group noted ‘something missing’ in the system. They noted 
how a physical robot might influence the system; especially, 
on the significance of being able to ‘see’ and relate to 
‘someone’ and his/her verbal and non-verbal expressions. Two 
participants described the experience of the robot’s absence as 
similar to ‘speaking to someone on the phone’; noting that this 
is never the same as ‘being with’ the person. This underscores 
the significance of non-verbal communication [12]. 

An important concept and unexpected point noted is what 
participants described as the ‘neutrality’ of the PERT. This is 
an accidental feedback that may be connected to the fact that 
the PERT is not racialized, gendered or assigned other 
common demographic characteristics [44]. This is an 
important issue in our multi-racial experimental context where 
learners and their teachers may have very different socio-
demographic characteristics. The finding highlights the 
potential of non-human teachers for promoting reduction of 
bias and for culture-sensitive education in line with [45]’s 
observation within human resource setting. However, this 
finding requires further investigation. 

Research Question 4: How do participants’ evaluate the 
system’s effectiveness for promoting classroom interaction 
and conceptual learning? 

Participants found the robot’s use of their names very 
interesting. This concept, related to physical and social 
attributes appear to play very important role in the perception 
of the robot’s social presence. They showed excitement and 
interest, smiling and surprised when their names were 
randomly called by the robot. In addition, they paid more 
attention to the lessons, and the quiz sessions were found 
interesting. Participants commented on how the robot made 
them to review their basic chemistry and how the questions 
challenged them to re-evaluate their previously held 
conceptions. Most referred to the Q&A method as very 
effective for supporting memory. Others commented on the PI 
approach as promoting engagement. They also noted the 
discussion (peer learning sessions) as very good learning 
support. These feedback highlight the metacognitive values of 
PI and ConcepTests for promoting learning [46].  

B. STUDY 2: CLASSROOM EVALUATION OF PERT FOR  
RATING OF TEACHING QUALITY 

The second study aims to assess i) students’ rating of the 
PERT’s teaching quality; ii) the significance of embodiment 
for students’ rating of the PERT’s teaching quality; iii) the 
effect of the PI pedagogical framework for students’ learning 
and the design of the PERT system. 
      For quantitative data collection, we employed the Teacher 
Quality Index (TQI), a 33-item questionnaire based on 



established teacher quality indices. The TQI has 7 sections as 
described in Table IV. Qualitative data were obtained from 
written feedback from participants on an open-ended protocol 
provided. The protocol has 4 items on which participants 
assessed the PERT in terms of personality, teaching 
method/interaction style, factors that contributed most to 
learning, and areas for improvement. We also asked 
participants to indicate prior interaction with a physical robot. 
 
TABLE IV: DESCRIPTION OF SECTIONS OF THE TQI 

Section Label Description No of Items
SKP Subject Knowledge and Preparation 3
IPG Instruction & Pedagogy 8
ASS Assessment 4
CLM Classroom Management 5
MAI Motivation and Affective Input 6
FDB Feedback 3
ENF Engagement and Fun 4
SP Overall Social Presence 33

Quantitative Findings and Discussion 

The TQI instrument captured ratings of the PERT by 
participants to address RQ4 and we tested the significance of 
the difference of TQI for the two groups to address RQ5. We 
compared median values of TQI for both groups in a similar 
manner to the direct rating scores in Study 1 with the SPiX 
ratings. We report findings based on the research questions in 
the following sections:  

RQ 5. How did participants’ rate the PERT’s teaching 
quality based on physical presence or absence of a robot? 

Descriptive statistics for the ‘with-robot’ and ‘without-robot’ 
groups are shown in Tables V and VI. Comparison of the TQI 
mean values show that ratings for the group with a physical 
robot are always higher than for the group without a physical 
robot, indicating that physical presence might play important 
role in participants’ TQI rating of the PERT.  

TABLE V. DESCRIPTIVE STATISTICS FOR ‘WITH ROBOT’ GROUP 

 SKP* IPG* ASS* CLM* MAI* FAB* ENF* TQI* 

Mean (µ) 10.57 30.43 14.71 16.43 20.57 8.43 14.71 115.86

Median 10.60 30.00 14.50 16.00 20.33 8.00 15.33 104.00

Std. Deviation 1.62 5.03 2.56 2.37 4.93 3.74 2.81 20.34

CV** (SD/Mean) 0.15 0.17 0.18 0.15 0.24 0.43 0.18 0.20

z-score [i.e. (µ-4)/SD] 4.06 5.25 4.18 5.24 3.36 1.18 3.81 5.50

Percentile rank (2-tail) 0.00 0.00 0.00 0.00 0.08 23.80 0.01 0.00

Percentile (left tail) 100.00 100.00 100.00 100.00 99.96 88.10 99.90 100.00

*See item descriptions in Table II; **CV: Coefficient of Variation 

The highest difference is noted for rating on ‘engagement and 
fun’. The measures of central tendency show relative 
consistency in participants’ attitudes. For more meaningful 
interpretation, the z-score-to-percentile-rank and co-efficient 
of variation (CV) [47] are evaluated. Z-score factors in 
variability in the score, it is most precise, and normalizes raw 
data by using a benchmark to which the mean is compared. 
[48] found 80% of the number of points in a scale as a right 
value, and recommended 4.0 for a 5-point scale (i.e. 5*80%) 
and 5.6 for a 7-point scale (7*80%), etc. 

 

TABLE VI. DESCRIPTIVE STATISTICS FOR “WITHOUT ROBOT’ GROUP 

We used the 4.0 benchmark and the z-score is calculated 
from the ratio of difference of mean and benchmark to SD. 
Higher CVs connote higher variability and noticeably different 
CVs indicate inconsistent respondents’ attitudes [47].  

Further analysis of the descriptive statistics shows 
relatively consistent participants’ attitudes (CVs) for ‘with-
robot’ group. All scores fall only 0.15-0.24 SD below the 
benchmark. A slight variation is noted with the feedback 
(FDB) with a slightly higher CV (0.43) and ratings falling 
0.43 SD below the benchmark. This is also noted in the lower 
z-score compared with values for other indices. Higher 
variability and less consistent participant attitudes are noted 
for the ‘without-robot’ group. The highest CV values are 
noted for FDB and ENF with scores falling 0.43 and 0.55 SD 
below the benchmark. The z-score values show a different 
pattern compared with the ‘with robot’ group while percentile 
values (left tail) follow the same trend.  

RQ6. Does the physical presence or absence of a robot 
have significant effect on students’ assessment of the 
PERT’s teaching quality? 

To answer this question, we tested the null hypothesis: 
H0: There is no significant difference in participants’ rating of the 
robot’s TQ based on its physical presence or absence.  

We computed the mean difference of TQI ratings for presence 
and absence of physical robot for the two groups. Details are 
presented in Table VII.  

TABLE VII. MEAN TQI RATINGS OF THE PERT’S TEACHING QUALITY 

SKP* IPG* ASS* CLM* MAI* FAB* ENF* TQI* 

Mean (with-robot) 10.57 30.43 14.71 16.43 20.57 8.43 14.71115.86

Mean (without-robot) 8.50 26.13 11.75 13.75 18.50 7.25 11.00 96.88

Mean Difference 2.07 4.30 2.96 2.68 2.07 1.18 3.71 18.98

*See item descriptions in Table II; **CV: Coefficient of Variation 

For the small sample size (n<2000), we focus on non-
parametric statistical analysis of the data, the test statistics 
are shown in Table VIII. 

TABLE VIII. MWW TEST FOR MEAN DIFFERENCE OF TQIS 

 SKP* IPG* ASS* CLM* MAI* FAB* ENF* TQI* 

Mann-Whitney U 8.50 13.50 12.50 14.00 20.50 22.00 16.50 13.00

Wilcoxon W 36.50 41.50 40.50 42.00 48.50 50.00 44.50 41.00

Z -2.08 -1.41 -1.55 -1.38 -.52 -.32 -1.03 -1.47
Asymp. Sig. (2-

tailed) .04 .16 .12 .17 .61 .75 .31 .14

 SKP* IPG* ASS* CLM* MAI* FAB* ENF* TQI* 

Mean (µ) 8.50 26.13 11.75 13.75 18.50 7.25 11.00 96.88

Median 8.00 25.50 10.50 14.00 17.00 7.50 9.50 86.00

Std. Deviation 2.33 4.64 3.06 3.24 3.66 3.11 6.09 21.92

CV* (SD/µ) 0.27 0.18 0.26 0.24 0.20 0.43 0.55 0.23

z-score [i.e. (µ-4)/SD] 0.21 4.77 2.53 3.01 3.96 1.05 1.15 4.24

Percentile rank (2-tail) 83.37 0.00 1.14 0.26 0.01 29.37 25.01 0.00

Percentile (left tail) 58.32 100.00 99.43 99.87 100.00 85.31 87.49 100.00

Skewness 2.35 0.45 0.51 -1.25 1.39 -0.16 0.54 0.83

*See items’ legend/descriptions in Table II; **CV: Coefficient of Variation 



Though the statistics show that participants’ in the ‘with robot’ 
group rated the robot higher than those in the ‘without robot’ 
group, the difference is not significant except for SKP 
(p<0.05). The finding suggests that overall, ratings are not 
influenced by the robot’s physical presence or absence. There 
may be a link in the noted significant difference in SKP 
(subject knowledge) and the influence of teacher’s non-verbal 
communication on students’ perception of a teacher’s 
competence and knowledge noted earlier [13].  

C. IMPLICATIONS OF FINDINGS, PROJECT 
CHALLENGES, AND IMPROVEMENT PLANS 

In this section, we address the last research objective which 
captures implications of our findings for the future classroom, 
brief description of challenges with the PERT system 
development and improvement plans for the system. 

i. Implications of findings for the future classroom with 
robots as teachers  

Qualitative responses from participants show that physical 
and affective attributes are very central to perception of the 
robot as a socially present agent. Considering the factors 
captured in the physical attributes, it is not surprising that 
despite the touted effectiveness of many ‘faceless’ PAs, 
learners still consider the ‘physical’ presence of a ‘teacher’ as 
important. This finding highlights the significance of blended 
approaches and, the role of face-to-face, teacher-student 
interaction and teachers’ non-verbal communication. The 
challenges of early attrition, non-completion, and dropouts in 
strictly virtual tutoring platforms [49] may be strongly 
connected to the negative impact of an impersonal instructor. 
Students want to ‘see’ the physical form of an instructor. 

Though, tone of voice can contribute to the conveyance of 
affect, non-verbal communication cues are easily observed 
physically and are thus, directly linked to physical presence. 
This suggests a correlation between physical and affective 
attributes. Some participants noted that the PERT used ‘harsh’ 
expressions; commenting that the PERT sounded ‘rude’ and 
authoritative, and citing its use of phrases like ‘you have 40 
seconds to do that’, and ‘do that in the next 20 seconds’ etc. 
However, we noted that this and it may be connected to socio-
cultural factors which is outside the scope of the current study. 

ii. Challenges with the initial system and plans for 
system improvement? 

In the initial system, we used fixed-time programming for 
the turn-taking. The lengths of discussion sessions however 
vary based on the number of participants, making this 
troublesome. We implemented the silence detection module to 
address this challenge. However, in noisy environments 
(which are better approximates of real-life LEs) we had to 
increase the sensitivity of the system which in turn became 
overly sensitive at lower noise levels. This underscores the 
significance of responsiveness in future programming of such 
systems. Another issue observed was the difficulty with 
accessing the voting application which is not fully deployed as 
a mobile application yet, therefore requiring connection 
through a local network router. This necessitates connection 

using a specific IP address. To address this, we provided pre-
configured mobile phones for participants during the study 
sessions, but we intend making the CRS a full mobile app 
during future upgrades. We also noted that when answers were 
displayed after voting, most participants were unable to 
remember details of the answer choices provided earlier. 
Hence, we modified the display to show both the answer choices 
and responses side-by-side. 

VI. CONCLUSION AND FUTURE WORKS 

Growth in AI and robotics has great implications for the 
future classroom. Despite assumptions by many to the 
contrary, the emergence of full-fledged robot teachers appears 
inevitable. Current teacher scarcity in many subject areas and 
scarcity of highly skilled teachers, in addition to the economic 
advantages of machines over humans further support the 
speedy progress of AIED in this direction. We implemented a 
robot teacher employing the peer-teaching approach with 
focus on the benefits of social and conceptual learning in high 
school science. Overall, our design supports the simulation of 
social and emotional intelligence in classroom-based HRI. 
Additional novelties of our work include the development of a 
basic architecture for enabling the design of realistic robot 
teachers and the significance of a robot’s ‘neutrality’ for 
fostering inclusiveness and cultural responsiveness in 21st-
centry classrooms. While recognizing the limitations of the 
current system in terms of hardware, software and scope, it 
represents a basis for future development. The importance of 
user creativity in the design of a learning system cannot be 
overemphasized, hence, future work should consider user-
friendly, teacher-operable systems and those that employ 
reusable templates based on GUI. Cost issues also needs to be 
addressed. Finally, the concept of neutrality noted by 
participants also requires further investigation. 
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