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Abstract. Robotics camps that involve design, construction and pro-
gramming tasks are a popular part of various educational activities. This
paper presents the results of a survey that accompanied the Innova-
tionscamp, a one week intensive workshop for promoting science and
engineering among secondary school pupils through humanoid robots.
Two very different types of platforms were used in this workshop: LEGO
mindstorms, which are widely used for educational activities, and Bioloid
humanoids, which are more commonly used for professional research.
Though the workshop participants were robotics novices, the survey in-
dicates through several statistically significant results that the Bioloid
robots are preferred by the pupils over the LEGO robots as educational
tools.

1 Introduction

In the last decade, robots have become increasingly popular as an integral part of
a wide range of educational activities. There is accordingly a significant amount
of literature on the field of robotics in education, ranging from books, e.g., [1],
over special issues of journals, e.g., [2,3], to a vast amount of general journal
and conference contributions. The list of ongoing projects has a wide span in
several dimensions. It includes for example various age groups, from kids in
their first school years over K-12 to graduate university students [4][5][6][7][8]. It
also includes various teaching goals, ranging from highly specialized topics like
control theory or software engineering to the aim of waking a general interest in
science and technology [9][10][11][12][13][14][15][16][17]. Last but not least, there
is a wide range of organizational forms ranging from short sneak workshops on
a single afternoon to intensive long term engagements in events like RoboCup
Jr.[8][18][19].

The Innovationscamp project [20] presented here targets at waking, respec-
tively raising a general interest in science and technology among pupils through
hands on workshops. The data presented here was collected at a Humanoid
Workshop as part of the first Innovationscamp camp in October 2007 in Bre-
men, Germany. The camp lasted one week. It was conducted in a Youth Hostel,
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i.e., participation included accommodation. The Humanoid Workshop addressed
secondary school pupils. It was accompanied by a study based on questionnaires;
one set distributed before the camp and one set distributed right after. The sur-
veys were anonymous and voluntarily. The study indicates through a statistically
significant increase in several indicators in the self assessment of the pupils that
the main goal of the camp, namely increasing interest in science and technology,
is indeed achieved. This is a result, which has been reported for many simi-
lar activities before. Here, we focus on the aspect that humanoids were used
in the Workshop. Concretely, two very different types of humanoids - LEGO
Mindstorms and Bioloid - were used. The participants roughly spend the same
amount of time with both types of robots. The participants had before the work-
shop no or at most very few contact with robots or robotics kits, i.e., they were
robotics novices. A surprising result of the survey conducted after the camp is
that there is statistically significant evidence that the participants see the Bi-
oloid robot as a better educational tool than the LEGO mindstorms humanoid.
Concretely, this includes the assessment of its suitability to get an introduction
to humanoids, to learn about mechanics, electronics, respectively programming,
to offer many options for own experiments, and to be a robot the participant
would like to also continuously work with at home.

The rest of the paper is structured as follows. Section 2 provides background
information about the humanoid workshop at the Innovationscamp. In section 3,
the statements from the survey questionnaire, which deal with the humanoids are
presented. Results including a statistical analysis are given in section 4. Section 5
concludes the paper.

2 The Humanoid Workshop at the Innovationscamp

The Innovationscamp in October 2007 featured two different workshops: one
addressing pupils in the age group 9 to 13 years and dealing with interactive
devices, and one addressing pupils in the age group 14 to 17 years and dealing
with humanoids. Both workshops were held in parallel. The humanoid workshop,
which is the topic of interest of this paper, was attended by 15 participants.
Figure 1 shows the distribution of the sex, the age, and the school year of the
participants. The 15 participants were divided in 3 groups of 5. Each group was
supported by a tutor in form of a senior university student. The assignment to
the groups was self-organized by the participants in an acquaintance session at
the beginning of the workshop. The groups were working in a single room and
they could interact with each other. Staying in a group over the whole week
was not enforced, in contrary, exchange of ideas and also of group members was
encouraged. One interesting anecdotic observation is that the female participants
preferred to form a group of their own.

Two very different types of humanoid robots were used in the workshop:
LEGO Mindstorms Humanoid [21] and Bioloid Humanoid [22]. Their most ap-
parent difference is the complexity of their joints. The LEGO Mindstorms hu-
manoid has 3 DOF, one in each leg and one to turn its head. The Bioloid
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Fig. 1. The distribution of sex, age and the school year of the participants of the
humanoid workshop

humanoid in contrast has 18 DOF, 5 per leg, 3 per arm, 1 for the head, and
one in the lower torso. The LEGO Mindstorms kits in general and the LEGO
humanoid platform in particular are promoted as educational tools for a wide
age range, whereas the Bioloid platform is usually considered as a more ”profes-
sional” platform, which is for example widely used by research institutions in the
RoboCup Humanoid League. The main motivation for using the different robot
types was to start with a well established, supposedly simply to use platform
in form of the LEGO Mindstorm humanoid and then to use the Bioloid for an
outlook of what is possible with humanoid robots. Two LEGO Mindstorms Hu-
manoid kits and one Bioloid humanoid were available for the participants. The
groups regularly changed between using the different robots; each participant
spend roughly the same amount of time with each of the robots.

The LEGO humanoid robots were provided as regular kits to the participants
(figure 2). Work with the LEGO robots hence included the mechanical assembly
of the robots. This was seen as a feature. It was expected that the mechan-
ical assembly was entertaining and at the same time supporting some of the
educational goals. Also, youngsters can be expected to be familiar with LEGO
building blocks for mechanical construction. The assembly of a Bioloid robot is
in contrast quite complex and very unfamiliar. It requires the fixing of dozens
of miniature screws, a very tedious and time consuming task. The Bioloid robot
(figure 3) was hence pre-assembled by the organizers before the workshop.

Fig. 2. The LEGO humanoid was provided as basic kit at the camp. Work with this
robot hence included assembly as well as programming.
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Fig. 3. The Bioloid humanoid was pre-assembled before the camp. The participants
could hence concentrate on programming the robot.

Fig. 4. The dance show at the end of the camp (left) where the results of the activities
were presented in a playful manner to the parents and friends of the participants (right)

The workshop mainly consisted of hands on sessions but it also included some
short lecture style teaching sessions. The classical teaching material based on
slides and multi media material covered the following topics in a very high level,
overview manner:

– robotics and AI with a particular focus on humanoids
– DC-motors and gears
– feedback loops, control, and servos
– kinematics
– walking machines
– introduction to the LEGO and the Bioloid humanoid

This classical lecture part was mainly done on the first day of the camp. The two
following days were fully devoted to hands on sessions where the participants as-
sembled LEGO robots, and programmed the LEGO, respectively Bioloid robots.
In doing so, the tutors encouraged experiments and provided background infor-
mation to link the work to the previously presented teaching material. The fourth
day was mainly devoted to developing a concept for a show at the final day of
the camp. No constraints were given to the participants; they were asked to
freely come up with ideas of how to entertain their parents and friends with a
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performance of their robots. The participants decided to develop a dance perfor-
mance. A significant part of the fourth day and the fifth day were devoted to the
implementation of the show, which took place on the late afternoon of the fifth
day (figure 4). The evening program during the week included watching robot
movies as well as playing games and the option for sports activities.

3 The Humanoid Questionnaire

As mentioned before in the introduction, the Innovationscamp was accompanied
by a survey. The survey was voluntarily and anonymous. All participants of
the camp also took part in the survey. One part of the related questionnaires
deals with the particular aspects of the humanoids used. Concretely, following
questions are asked (please note that the statements are translated):

1. The LEGO humanoid
(a) is suited to get a first impression of humanoid robots
(b) is suited to learn something about mechanics
(c) is suited to learn something about electronics
(d) is suited to learn something about programming
(e) offers many options for own experiments
(f) is a robot I would like to also continuously work with at home

2. The Bioloid humanoid
(a) is suited to get a first impression of humanoid robots
(b) is suited to learn something about mechanics
(c) is suited to learn something about electronics
(d) is suited to learn something about programming
(e) offers many options for own experiments
(f) is a robot I would like to also continuously work with at home

3. Please assess the following statements
(a) I was aware of LEGO Mindstorm as general robot construction kits al-

ready before this camp.
(b) I also already knew about the LEGO humanoids before this camp.
(c) I worked already with LEGO Mindstorm before this camp.
(d) I was aware of the Bioloid humanoid before this camp.
(e) I knew about humanoids similar to the Bioloid before this camp.
(f) I worked already with Bioloid or similar humanoids before this camp.

For each statement, the participants had the option to mark four tickboxes
numbered from 1 to 4. The numbers correspond to the degree of agreement with
each statement, ranging from 1 as the strongest agreement to 4 as the strongest
disagreement. To ease this assessment, following additional guidelines were given
to the participants on the questionnaire. Please note that also here translations
are given:

1. yes, this statement is perfectly correct in my case
2. this statement somewhat applies to me
3. this statement tends not to apply to me
4. no, this statement is not at all correct in my case
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4 Results

Figures 5 and 7 show the distributions of the raw data, once for the statements
related to the LEGO humanoid (Q1.x), and once for the same statements but
related to the Bioloid humanoid (Q2.x). Please note that the distributions of
answers to each question are shown in figure 5, respectively figure 7, i.e., there
is no correlation between the number on the x-axis and a particular student.
Figures 5 and 7 show the means and the standard deviations of the data. As
can be seen, for each statement under Q1.x and Q2.x, there is a stronger level

Fig. 5. The distribution of the raw data for the statements under Q1.x dealing with
the LEGO Humanoid

Fig. 6. The means and standard deviations for the statements under Q1.x dealing with
the LEGO Humanoid
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Fig. 7. The distribution of the raw data for the statements under Q2.x dealing with
the Bioloid Humanoid

Fig. 8. The means and standard deviations for the statements under Q2.x dealing with
the Bioloid Humanoid

of agreement with the statement when it is applied to a Bioloid humanoid than
when it is applied to a LEGO humanoid.

This observation is also illustrated in figure 9, which shows the means and
the standard deviations of the numerical differences in the agreements with each
statement. It is a surprising result that the Bioloid robot is consistently con-
sidered to be more suited to get a first impression, to learn something about
mechanics, electronics as well as programming, to offer many options for own
experiments, and to be a robot the participant would like to also continuously
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Fig. 9. The mean and standard deviations for the numerical differences between the
statements under Q1.x and Q2.x. It can be seen that for each statement under category
Q2 dealing with the Bioloid the agreement is much stronger than with the correspond-
ing statement in the category Q2 dealing with the LEGO Humanoid.

Table 1. A t-test analysis of the differences between the answers to statements Q1.x
and Q2.x. The analysis shows that the higher levels of agreements with the statements
related to the Bioloid are statistically significant. The significance level is set to the
conventional value of α = 0.05.

Q1.a Q2.a Q1.b Q2.b Q1.c Q2.c

Mean 1.93333333 1.2666667 2.200000 1.600000 3.0000000 1.40000

Variance 0.49523810 0.3523810 0.457143 0.828571 1.0000000 0.40000

t Stat 5.29150262 4.582576 8.4105197

P(T≤t) 0.00005696 0.000213 0.0000004

t Critical 1.76131012 1.761310 1.7613101

Q1.d Q2.d Q1.e Q2.e Q1.f Q2.f

Mean 2.2666667 1.00000 2.400000 1.466666667 2.2666667 1.1333333

Variance 0.9238095 0.00000 0.971429 0.695238095 0.9238095 0.1238095

t Stat 5.1040716 5.136596 5.2642501

P(T≤t) 0.0000802 0.000076 0.0000599

t Critical 1.7613101 1.761310 1.7613101

work with at home. A t-test analysis of the data (table 1) shows that all these
results are statistically significant.

Please note that in the teaching material, none of the two robots was given
any preference. All fundamental concepts like motors or kinematics were intro-
duced independent of any robot platform. Also in the hands on sessions, the
participants simply worked with the robots in a round robin fashion. The tutors
explained and motivated all concepts in a similar way by using the different
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platforms in a fairly equal amount. Whenever for example a question occurred,
the tutor used whatever robot was just at hand to answer it. If there was a bias
at all, then one may argue that it is in favor of the LEGO robots as two of them
were available to illustrate things in contrast to a single Bioloid robot.

One of the most striking surprises is that the Bioloid robot is considered to
be more suited to learn something about mechanics though all mechanical as-
sembly was done using LEGO. It seems that the experiments of the participants
with balancing the Bioloid robot, with working with its many DOF, and with
developing complex motions for it, are considered to be more instructive than
the assembly of LEGO parts. Another very surprising result is the fact that the
Bioloid robot is considered to be more suited as an device for an introduction
to humanoid robots. It was expected that the more widely used LEGO robots
could better serve this part.

The numeric analysis of the survey data is also supported by anecdotic evi-
dence. Though the workshop only lasted one week, the participants voiced al-
ready well before the end the feeling that they had exhausted the possibilities of
the LEGO Mindstorms kit, whereas they kept on discovering new possibilities,
especially motion patterns, of the Bioloid humanoid. This is also reflected in the
show that was performed at the end of the workshop (figure 4). The workshop
participants developed more than a dozen new complex motion patterns for the

Fig. 10. The distribution of the raw data for the statements under Q3.x dealing with
previous exposure to different types of humanoids
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Fig. 11. The mean and standard deviations for the statements under Q3.x dealing with
previous exposure to different types of robotics kits and humanoids

Bioloid robot, which were turned into an impressive dance performance. For the
LEGO Mindstorms humanoids, they preferred to mainly work on a decoration
of the robots than trying to program anything beyond the standard behaviors
or to modify the mechanics.

Please note that the participants of the workshop had no or at most very
few previous experience with robots or robotics kits. Figures 10 and 11 show
the raw data, respectively the means and standard deviations for the statements
under Q3.x dealing with previous exposure to different types of robotics kits
and humanoids. As can be expected, LEGO Mindstorms were better known than
Bioloid robots to the participants before the workshop. But real experiences were
not significantly higher for Mindstorms, but quite low for both types of robots.

5 Conclusion

A humanoid workshop for secondary school pupils was presented. The workshop
took place in October 2007 as part of the Innovationscamp in Bremen, which
lasted one week. The workshop was attended by 15 participants who had no
or at least very few previous experiences with robots or robot kits. Two very
different type of robots were used: LEGO Mindstorms humanoids and a Bioloid
humanoid. A survey shows the surprising result that the participants - though
being robotics novices - prefer the supposedly more ”professional” Bioloid robot
as educational tool. For all seven surveyed statements, there is statistically sig-
nificant evidence that the participants agree stronger with them in relation to
the Bioloid. Concretely, the Bioloid is considered to be more suited to get a
first impression, to learn something about mechanics, electronics as well as pro-
gramming, to offer many options for own experiments, and to be a robot the
participant would like to also continuously work with at home.
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