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Abstract

In the later years robotics has seen a huge increase within domestic use, and
have now become an affordable tool in the daily life of most people [7, 5].
Yet robotics has only seen minimal use within an educational setting. Some
researchers suggest that this may be due to the lack of empirical evidence
supporting benefits of educational robotics [27]. The goal of this report is
therefore to

1. look at how robotics can be utilized in an educational setting to pro-
mote STEM content knowledge and STEM attitude

2. create a systematic review of the current available evidence regarding
this topic

3. propose future research

After finding a lot of papers relevant to these questions, we analyzed the
content and purpose of each study. The reviewed articles suggest that edu-
cational robotics usually results in an increase of content knowledge and a
more positive attitude towards STEM. Though there were also studies that
reported that educational robotics did not yield any tangiable results. The
studies that reported negative (no increase in content knowledge) do however
form the minorty out of all the studies reviewed.

1 Introduction

In 1980 Seymour Papert published the book ”‘Mindstorms: Children, com-
puters, and powerful ideas”’[19], where his ideas of a constructionismistic
learning environment and robotics were presented. It was Papert’s belief
that educational robotics held a major potential improvement of the current
learning environment. Allowing children to interact and construct their their
own knowledge in way previously impossible.

Even though educational theorists believed robotics could be utilized in a
learning environment with success, there has been little incorporation seen
throughout the world. Some speculate that the limited adoption is due to
lack of empirical evidence for the effect of robotics as a learning tool [27].



Another possibility is that the usage of robotics in education usually has
been as a tool to teach students about robotics itself, and thus have formed
a narrow field of applicability [21]. The third possibility comes down to the
price of robotics equipment, e.g a lego mindstorm kit costs about 650 USD.
An interesting field of research is therefore to look at how robotics can be
utilized to teach about non-robotics subjects, and perhaps even be used as a
motivational or attitude changing tool while still keeping the cost down.

2 Method

This review has been completed as several phases, based upon the Kitchen-
ham’s [9] and Khan’s [8] guide for writing systematic reviews. The initial
steps of identifying a need for the review and commissioning a review have
however been omitted here. The steps followed is written down below.

Phase 1: Planning

1. Specifying the research question(s)
2. Developing a review protocol

3. Evaluating the review protocol
Phase 2: Conducting the review

Identification of research
Selection of primary studies
Study quality assessment

Data extaction and monitoring

SAN RO

Data synthesis
Phase 3: Reporting the review

1. Communicating the results through a report.

2.1 Planning the review

Initially, we preformed an inital general search into educational robotics, in
order to obtain some fundemental knowledge regarding this subject. In this



search we stumbled upon another review written in 2011 by Fabiane Barreto
Vavassori Benitti[3], which to a very large extend covers the same topic as
initially planned by this review. There is however some minor differences
between our research question, papers relevant to Benitti will to a large ex-
tend be relevant for this review as well. Benitti asked general questions like
"*What topics are taught through robotics in schools?”’, ”‘is robotics an ef-
fective tool for teaching? What do the studies show?”’, and ”* How is student
learning evaluated?”’. While this review is going to use more narrow ques-
tion, limiting the research to math and how math can be taught in schools
using robotics.

Question 1: Which concepts within math are taught through robotics in
schools?

Question 2: How effective has these inquires been?

Question 3: Which, if any, secondary skills (teamwork, scientific inquiry
etc) may also be improved through the utilization of robotics in edu-
cation?

The review was done in February and March of 2014, with paper retrieved
from all the major bibligraphic databases. These include, but not limited to,
CiteSeer, ACM Digital Library, SpringerLink, ERIC, IEEE XPLORE, Wiley
Inter Science, and ScienceDirect. In addition to these known the search query
was run through the google scholars search engine to ensure that every study
was found.

The general search query was created using groups of synonyms, concate-

nated by the and/or operators before adjustments to each unique database

was done(e.g making sure the search query was compatible with the search

engine at any given site). The search query used in this review was: (math or

stem or mathematics) and (education or learn or learning or educational
or teach or teaching) and (robot or robotics or robots) and (school

or k-12).

In order to prune the search result into a managable amount of papers we
identified several inclusion and exclusion criteria.

IC1 The purpose of the paper is to investigate the usage of robotics in school,
where the goal is not to teach about robotics itself.



IC2 The paper should contain some sort of assessment, quantitative or qual-
itative, of the learning outcome and/or experiences from the study.

IC3 The assessment must address the development of math skills.

IC4 The study should be done in an elementary, middle or highschool con-
text.

IC5 The study should involve the use of physical robots.

These criteria diverge from Benitti’s review in that qualitative assessments
also are included. We justify this by acknowledging the fact that non-
immediate returns of educational robotics may be equally important to im-
mediate curricular related returns, and to reflect and investigate this we allow
qualitative research to take part of this review.

By negating the inclusion criteria above we get a hold of the exclusion criteria
used for this review. The only criteria which does not have any clear negated
form is IC2, we therefore define EC2 to be ”‘does not include any form of
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assessment in the form of a study”’.

3 Result

3.1 Articles and studytype

For the classification of different study types we borrow from Donnelly and
Trochim’s Research methods knowledge base[4]. The study type representa-
tion is defined as:

R: random assignment N: nonrandom assignment
O: measures/evidence  X: robotics intervention

If two lines is used for the classification then the first line is the timeline for
the robotics group, whereas the second line will show the timeline for the
control group. In the case of Hussain et al. [2006] you may interpret the
classification as two randomly assigned group given the same pre/post-test
scheme, with the only difference being that the robotics group was exposed
to robotics between the pretest and posttest. In some cases the X may be
suffixed by a number, in these cases the different groups were exposed to
different robotics experiences.



Author Article description Study type
Hussain et al. This study aim at investigating the effect of R O X O
[2006] one year regular robotics traingin on students R O O

performance.
Lindh and To investigate the effect of regular robotics R O X O
Holgersson training on pupils performance. R OO
[2007]
Barker and Paper reports on a pilot program aimed at in- N O X O
Ansorge creasing the achievement scores of young peo- N O O
[2007] ple.
Nugent et al. The goals of the program were to prepare O X O
[2009] youth for the workplace by providing them an
opportunity to learn STEM concepts and fos-
ter positive attitudes towards STEM.
Mitnik et al. Presents a novel application of robotics to ed- N O X1 O
[2008] ucation, where they use robotics to teach non- N O X2 O
robotic related subjects.
Nugent et al. Study of 4-H program to increase STEM N O N O
[2008] achievement and interest using robotics and N O O
geospatial technologies.
Williams Study the impact of a summer robotics camp O X O
et al. 2007)  on middle school students physics content
knowledge.
Mitnik et al. This study aims at developing graph construc- N O X1 O
[2009] tion and graph interpretations skills in stu- N O X2 O
dents by graphing the movements of a robot
in an interactive system..
Norton [2004] This study examines students learning ra- O X O
tio concepts while engaged in designing, con-
structing and evaluating simple machines that
use cogs and pulleys.
Silk ~ [2011] Observes a formal classroom unit using robots O X O
Studyl to learn math concepts. Part of an introduc-

tory experience to learning robotics in a step-
by-step manner.




Author Article description Study type
Silk  [2011] Observes a robot competition. The students O X O
Study3 had to use math to solve the problems, where
other teams could use whatever they wanted.
Silk  [2011] Students have to synchronize two robots with N O X1 O
Study4 different wheel size by explicitly using math. N O X2 O
Another group uses math explicitly to enter a
robot competition.
Table 1: Articles and studytype
3.2 Articles and findings
Article How What
Hussain et al. 322 pupils in robotics group, Positive returns for 5th
[2006] 374 pupils as control group. graders math  knowledge,

Quantitative: pre/post-
test compared with control
group using a generalized

linear model. Qualitative:
observation, interview, and
inquiry.

while no returns in 9th grade.
No significant returns regard-
ing problem-solving skills was
found in 5th or 9th grade.

Lindh and Hol-
gersson [2007]

322 pupils in robotics group,
374 pupils as control group.
Quantitative: different tests
in mathematics and problem
solving using ANOVA test.
Qualitative: observation, in-
terview, and inquiry.

No statistical evidence that
the average pupil benefits from
robotics. Further analysis
showed that the medium scor-
ing students did however ben-
efit from the tutoring.

Barker and An-
sorge [2007]

14 pupils in robotics group,
18 pupils as control group.
Quantitative: pre/post-test
of non-random assigned pupils.

Increase of mean scores from
pretest to posttest for robotics

group.




Article How What

Nugent et al. 147  pupils in  robotics Significant pre/post-test in-

[2009] group, 141 pupils as con- crease for robotics group
trol group. Quantitative: within programming, math-

quasi-experimental pre/post-
test of children at summer
camp. Analyzed using AN-
COVA /split plot ANOVA.

ematics, geospatial concepts.
In addition they found an
increase in interest towards

STEM.

Mitnik et al.
[2008]

Three different pairs of groups,
with 12, 14, and 12 as the
robotics group. And 6, 15,
and 11 as the control groups.
Quantitative: pre/post-test
scheme of non-random assign-
ment. Qualitative: observa-
tions

Significant increase in the as-
sessment of teaching distances
and angles, kinematics, and
graph construction. In addi-
tion they saw that students in
general was more motivated to
continue learning when work-
ing with robotics, whereas the
control group expressed their
boredom.

Nugent et al.
[2008]

38 pupils attending a sum-
mer camp, no control group.
Quantitative: pre/post-test
using the same assessment in
both cases. Analysis done us-
ing t-tests.

Increased test scores within
four content areas; mathe-
matics, geospatial concepts,
programming and engineering.
The math tutoring focused
on fractions, proportions, dis-
tancerelated formulas and ge-
ometry. The authors also pro-
vide a head-up warning that
youth may not see the direct
connections between robotics
and STEM content learning.

Williams et al.
[2007]

21 pupils attending a sum-
mer camp, no control group.
Quantitative: pre/post-test
using the same assessment in
both cases.

Significant impact on students
gains in physics conent knowl-
edge related to diameter of the
wheels, friction, energy flow
etc. In addition they observed
that the scientific inquiry skills
did not increase.




Article How What
Mitnik et al. 16-year-old students. 12 in the Fostered learning in both im-
[2009] robot group, 11 in the simu- plementations. However the

lator group. 4 60min sessions
over one week. Quantita-
tive: pre/post-test using the
same assessment in both cases.
Collaboration and motivation
post activity survey. Quali-
tative: in-site motivation and
collaboration observations

real-robot activities worked
twice as well. Motivation and
collaboration was far better in
the real-robot group. Proposes
a change in the classroom dy-
namic, allowing students to be
active participants in their ex-
perience of learning.

Norton [2004]

56 year 7 students. 10 weeks of
lectures at a school. Quanti-
tative: Paired t pre/post-test.

Most students improved their
ability to explain mathemat-
ics concepts on pencil and pa-
per tests. Believe that mo-
tivation is the main factor in
these gains. Think that the
link between the activities and
the math concepts should be
made more explicit.

Silk
Studyl

[2011]

16 (9th and 10th grade) stu-
dents. 4 math focused robotics
lessons at a school as part of
a bigger project. Quantita-
tive: 2 Paired t pre/post-test.
One for problem solving and
one for attitude towards math,
robotics and value of math for
robotics.

Made significant improvement
in problem solving but not
in the wanted context(math).
The math they did learn was
not tightly aligned with their
understandings or misunder-
standings of robot movement.
All the attitude results were
negative.

Silk
Study3

[2011]

21 (elementary and middle
school) students. 9 weeks of
preparation time. Quantita-
tive: 2 Paired t pre/post-test.
One for problem solving and
one for attitude towards math,
robotics and value of math for
robotics.

Significant increase in students
overall problem solving. At-
titude towards robotics de-
creased but the students did
see the wvalue of math for
robotics. The success of us-
ing math was too variable for
a conclusion.




Article How What
Silk [2011] 29 (6-9th grade) students. The synchronized movement
Study4 21 students synchronized two task helped students improve

robot movements in 8 hours. 7
students entered a competition
and used 32 hours. Quantita-
tive:2 Paired t pre/post-test.
One for problem solving and
one for attitude towards math,
robotics and value of math for
robotics.

their understanding of how
robots work.  Both groups
made about the same improve-
ment to problem solving skills.
The synchronization group in-
creased their value of math in
robotics but decreased their in-
terest in robotics. The atti-
tude results for the competi-
tion group were inconclusive.

Table 2: Articles and findings

4 Discussion

In this section we discuss the results obtained in an attempt to answer the
three questions presented in section 2.1.

4.1 Which concepts within math are taught through
robotics in schools?

Almost all math concepts present in elementary and middle school can be
taught in some way or another through robotics, something the diversity
of the studies presented shows. This broad applicability of robotics within
math also gives room for some of the bigger studies presented, which have
been conducted over the course of a full school year [6, 10]. The results
from these long term studies are very important as they may, to a better
extent, measure the long term effects of educational robotics. Most studies
are however conducted over a much shorter time span, often just an intensive
week of robotics tutoring. Thus it may be harder to measure anything other
than changes in content knowledge alone.

A summery of the different math concepts investigated can be seen in table 3.



Article Math concepts

Barker and Ansorge [2007] Decimals and geometry

Nugent et al. [2008] Geospatial and GPS concepts

Nugent et al. [2009] Geospatial and GPS concepts

Williams et al. [2007] Physics

Mitnik et al. [2008] Distance, angles, kinematics, and graph con-
struction

Mitnik et al. [2009] Graph construction and interpretation skills.

Norton [2004] Ratio concepts.

Silk [2011] Proportional reasoning.

Table 3: Articles and concepts

4.2 How effective has these inquires been?

Most of the papers presented, and otherwise seen, throughout this literature
review have provide positive evidence that educational robotics may teach
children about math. Out of the twelve papers presented in this review we
found just two papers that did not provide any evidence of positive returns
from using robotics ( Silk [2011] , study 1 and 3). In Silk’s forth study he
did however find significant evidence of increased math content knowledge.

Silk argued that just because math is present in an activity, it does not mean
that students will learn math [22]. His dissertation looks mostly at how
the lessons have to be designed to generalize the knowledge students attain.
Several problems were encountered and solutions were implemented gradually
with increasing success. Thus his work provide important knowledge about
how to design future endeavors into educational robotics.

The concerns around disassociation between robotics and math several times
in other papers as well and a common suggestion is to make the link between
activities and the underlying math very explicit [16].

Lindh and Holgersson study also provide interesting data regarding the ef-
fectiveness of educational robotics. They found that not every student may
benefit from the use of robotics, and had to initially accepts their null hy-
pothesis. Further investigation did however show interesting results. Pupils
in ninth grade showed a negative t-statistic, indicating that they in fact per-
form worse after partaking in the robotics experiment. For low performing
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and high performing pupils in fourth grade there was no significant differ-
ence, while there was positive results for medium performing pupils in fourth
grade. Some consolation was however found in the correlation between fourth
grade scores and fifth grade scores. Which, as expected, showed a positive
correlation between scores. But did show a significantly lower correlation for
the robotics group, indicating a weakening of the relationship between poor
performance in forth grade and poor performance in fifth grade.

4.3 Which, if any, secondary skills (teamwork, scien-
tific inquiry etc) may also be improved through
the utilization of robotics in education?

With regards to secondary skills there is a lot greater gap between the results,
universally mentioned is however teamwork including social interactions and
communication [12; 13, 17, 18]. When working with robots students tend
to get a greater sense of community and start helping each other instead of
competing. Students are also eager to help other groups and want to explain
how they got their solution.

When testing for other secondary skills the results are to a large extent
inconclusive or negative. Hussain et al. and Lindh and Holgersson identifies
an insignificant increase in problem-solving, Hussain et al. also identifies an
insignificant positive attitude change towards LEGO [6, 10]. For scientific
inquiry Williams et al. found no significant difference when comparing the
pretest and post test [27]. Though they argue that scientific inquiry may be
a process to be learned through long exposure and that their study was to
short. Nugent et al. [2008] identified an increase in interest and motivation,
where pupils working with robots expressed their wish to continue working
with robots. Whereas the control group would do the opposite [16].

5 Conclusion

The current state of educational robotics does seem promising, it does how-
ever also include a major obstacle before reaching the mass populous of
school children. In most of the studies seen the robot only works as a feed-
back provider to the children, and this task could in many circumstances be
achieved by the use of a simulator, flash game or app. Which in all cases
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would be cheaper and easier to acquire for the schools given the robotics
landscape seen today. A pedagogical counter to this situation comes from
Piaget and Papert in the form of constructionism and constructivism, the
latter being the dominant at this point. Researchers are in addition to this
driven by the belief that robots awaken a tremendous source of energy and
motivation in children. Another benefit is the connection between abstract
concepts and physical representation given by robots, this could be especially
beneficial within STEM topics as they are usually very abstract and robots
may therefore help by giving a concrete understanding of these concepts.
Thus truly justifying robotics as a superior alternative to simulator etc.

In the literature search there are some areas of lacking research. Namely
research involving the use of low cost robots in education. In general there is
also a lack of research with good experimental design with a larger sample,
often below thirty pupils. In general the lack of research can partly be blamed
on the cost of robots. The most popular robot seems to be Lego Mindstorm.
This robot construction kit costs 650 USD.

In educational robotics we differentiate between academic performance and
secondary skills. Academic performance concerns how school curriculum can
be tough by using robots, while secondary skills are skills outside the cur-
riculum. These are skills that you learn because of working with the robots.
Often academic performance is the main goal when introducing robots to
students while other skills are merely a bonus that is often not taken into
account.

5.1 Academic performance

Topics that are taught with robotics as teaching aid are mostly within the
STEM (science, technology, engineering and mathematics) category. Specif-
ically Newton’s Laws of Motion, distances, angles, kinematics, graph con-
struction and interpretation, fractions, ratios and geospatial concepts. In
the systematic review carried out in [3] 80% of the papers focus on these
topics. The two remaining papers discuss basic evolution and teaching basic
social skills to kids with autism and asperger syndrome.

Most of the research done provide promising results. None have discovered
that it worsens learning, but there are examples of it not making any dif-
ference compared to traditional methods. It is hard to pinpoint the factors

12



that generates positive results, as the art of teaching and learning is ex-
tremely complex and different for each individual. For future research we
would like to propose more longitudinal studies, observing the effect of edu-
cational robotics over a large time span. As this would truly investigate the
true effect, and not only the immediate increase in content knowledge. More
research into this field could also mitigate the concerns about lacking empir-
ical evidence, and possible confirm that educational robotics is an untapped
resource waiting to be utilized.

5.2 Secondary skills

These skills are often not measured, as the research focus is on content knowl-
edge, but these skills may have important benefits later in school and life.
The skills often include the technical skill as problem-solving, logic, and
scientific inquiry. But also include non-technical skills as teamwork, social
interactions, collaboration, attitude changes, and motivation. Benitti suggest
the latter of these as main topics for future research, as some studies show
positive trends within these skills. Many mention that skills such as these
were improved when introducing robotics in education but more research is
also needed to figure out how to train the specific skills separately.
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