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Fig. 3. Virtual reality experiments

C. Remote-control Experiments

The remote control type experiments can run experiments
by interacting with real devices from outside the laboratory
[11]. Three experiments of hydrodynamic sliding bearing,
mechanism motion analysis and multi-belt transmission test in
laboratory are based on computer-controlled experimental
devices, so these experiments present are further developed a
program to allow control over experiment via the internet.

Fig. 4 shows a web interface of access to experiment setup.

Fig. 4. Remote-control experiments

IV. APPLICATION AND EVALUATION

A. Appliaction

The robot virtual simulation platform can be found by login
to mechanical basic experimental teaching website
(http://222.16.42.167/jixie/index.aspx).  The  experimental
platform is open to all students, students can log in to the
website anytime and anywhere.

In fact, the experimental projects in the traditional on-site
laboratory are relatively inadequate for course lecture because
of lab resources. Currently, a hybrid on-site/remote approach
was applied for most major students. The simulation or virtual
experiments can replace some basic verification type
experiments or demonstration experiments. The more resources
in the lab are for design type, integrated type and innovation
experiments.

For a few of major students such as industry design and
bioengineering, there is no any experiment to be arranged in
the course teaching before because they are in another campus
far from the laboratory in the main campus. Now remote
experiments can provide necessary experimental projects for
them.

B. Evaluations

Questionnaires on the impact of new experimental mode
are focused on efficiency of the RTPBME and effectiveness of
the remote experiments. The students were asked to rate five
scales from 1 (lowest) to 5 (highest). Fig. 5 to Fig. 7 explain
the outcomes of questions from students.

The evaluation that remote experimental mode is flexible or
convenient for their schedules and access is shown in Fig. 5.
Nearly 50% students gave the highest score, 82% of the
students gave above 4.0 evaluation.

Fig. 5. Convenience of experiments  Fig. 6 Learning materials and helps

As shown in Fig. 6, 80% of the students gave more than 4.0
evaluation for supporting materials and helps of experiments in
RTPBME. Other results show that the RTBME should further
be improved to provide better learning conditions for students.

we get responses on effectiveness of remote experiments
from participants. As shown in Fig. 7, of the students
responding to the remote experiments, both of envelope cutting
gear experiment and gear measurement experiment got the top
(48% and 46% respectively) in the best effective scales (4.5-
5.0), others had the highest percents in the range from 4.0 and
4.5.
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Fig. 7. Effectiveness of remote experiments

Besides the above questions, students' comments and
suggestions are gathered in order to further develop the
RTBME. By analysis of the results, it is obvious that the
evaluation vary with students’ differences in cognitive style
and/or students' ability. So individualized service should be
improved for the RTBME. A rather challenging problem is the
perceived difficulties in enforcing the independence of student
work when performed remotely, thus a few students do not
adapt to or accept this mode from the start. A big discussion is
related to the effectiveness of remote versus hands-on, some
students initially conceived that the traditional method is of
importance to experience real devices. Thus, they still want a
direct hands-on interaction with the experimental equipment
although the general goals of experiments are achieved.

V. CONCLUSIONS

Remote experimentation is a new teaching mode for most
students. We run the remote experimental projects through
RTBME for basic mechanical experiments. The convenience,
flexibility and effectiveness of remote experimentation are
identified by most of participants. Through positivistic analysis
of the information from students’ perceptions and suggestions,
further improvements were focused on providing a better
personalized learning environment and enhancing experimental
models of reality to largely match actual reality.
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Although numerous advantages of remote experimental
mode exist, some experiments are limited by remote
implementation. As a result, the hybrid on-site/remote
approach is suggested, which will contribute to the
enhancement of experimental contents and further enable
students to be exposed to a more comprehensive experimental
experience.
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