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Abstract—This paper discusses the design and performance
assessment for tangible interaction natural user interface of
smart TV(TIxNUI). Through a systematic application of design
thinking methodologies, we identified key features for TIxNUI.
Subsequently, we conducted user training and performance
evaluations using a prototype of the system. The results suggest
that gestural modalities are effective: hybrid modals that include
gaze and voice could be viable.

I. INTRODUCTION
The availability of gesture input was expected to provide a
wealth of possibilities for multimodality in education. As of
today, few examples of their applications are found in
classrooms. Education is still predominantly conducted
through visual and auditory media; lectures and videos are still
effective, given the combination of contents and users in most
classrooms. Consequently, researchers are focusing their
efforts on specific use cases and scenarios designs for
multimodality in education [1]. This paper will discuss the
specific scenarios for natural user interface (NUI) for
education. Accordingly, it presents TIxNUI features that are
needed to provide affordances in those scenarios.
Subsequently, we will discuss our findings in training students
to use a TIxNUI prototype that combines gestural recognition
with voice and eye tracking.
Body gestures have been an integral part of our
communications. Many studies have shown that gestures can
enhance education by increasing motivation for students.
Additionally, learning with gestures encourages
communication and collaboration. For example, Shakroum
proves that using Kinect in learning systems increases the
students’ intrinsic motivations which led to better learning
outcome[2]. Ghisio argues that body performance is integral to
many fields of education, such as music and math. Wherever
spatial and temporal reasoning is applicable, multimodality
should be used to created multisensory learning experience[3].
In recent years, the focus on NUI research is on the design
and orchestration of learning activities, where NUI is part of a
larger system. NUI could be deployed to provide motivation in
specific areas along the learning path. Additionally, they are
used in situations where collaboration and socialization is
desirable. An area of high interest for NUI application is
special education. Researchers have been creating serious
games that allow students to use gestures to participate in
activities of learning, playing, and diagnostics. Many studies
suggest that special needs students became more aware of
their surroundings, experienced a higher level of focus and
become more engaged with teachers and peers. NUI could
also be used for early detection of learning difficulties in
children [4]. Troubles in spatial temporal cognitions are early
signs of learning disabilities.

NUI and multimodalities are often applied in scenarios of
classroom orchestrations. In these teaching methodologies,
lectures and readings are supplemented with activities that put
new knowledge to test. Modalities are utilized where
motivations and socialization is needed.
Researchers generally acknowledge that NUI are not ready
for widespread use in every classroom. Gestural inputs suffer
from machine errors and users’ fatigue. Eye trackers still lack
precision, although they excel in fast targeting. Speech input is
still not reliable. In order for NUI to be applied effectively
right now, they need to be part of a multimodality system.
The deficiency in one modal could be compensated by another
modal. Additionally, NUI should be applied only for short
tasks. They tend to perform more slowly compared to
traditional input devices, such as touchscreen and mouse,
compounding the problems of user fatigue.

Figure 1. Service Blueprint of TIxNUI

II. TIXNUI SYSTEM REQUIREMENT
TIxNUI was envisioned through service blueprint approach
to orchestrate touch points using a variety of modalities(see
fig.1) . Based on Wang’s previous classroom scenarios and
the discussion of recent researches on NUI for education[1],
we propose a multimodal learning system that could be
deployed in the near future. This system will facilitate the
implementation of classroom orchestrations and collect useful
data for further research. The system should include features
described below:
Hybrid Gaze Modalities: Tracking the gazes and eye paths
of the students and teachers will provide a new modality for
interactive learning. A combination of gaze and hand gestures
will provide more efficient targeting compared to gestures
alone. Eye contact could also provide critical data for special
education.
Expert Gestures for Motivated Users: In use cases where the
users are highly motivated, gestural interfaces could be
deployed effectively. Depth cameras are error prone, because
they do not always recognize userss gestures. One of the
solutions is to use gestures that are easily recognized by RGBD cameras. These gestures are created by experts. As
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