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Abstract 
The results of the TIMSS 2007 (International Association for the Evaluation of Educational Achievement, 2008) 
show that in comparison with their academic achievement in mathematics, South Korean students’ interest and 
efficacy in and self-concept in relation to the discipline rank relatively low. In the effort to help address this 
issue, this study investigated the effects of the implementation of robots in an elementary-level Korean math 
class, examining student cognitive and affective domains before, immediately after, and three months after 
treatment. The participants in this study were 121 fourth graders (11 to 12 years old) who randomly selected 
from four classes, and then randomly assigned to either the “Robot” group (58 children) or the “Ruler & 
Protractor” group (63 children). The findings from this study were that concerning student achievement in the 
cognitive domain, no statistically significant result was found. As for the affective domain, after treatment, the 
Robot group’s levels of interest and curiosity toward mathematics and participation in their mathematics class 
were statistically higher than those of the Ruler & Protractor group. This remained true at the delayed posttest. 
A correlation analysis between achievements in cognitive domain, results of the observation test during class, 
and results of the self-assessment test in affective domain showed that in the case of the Ruler & Protractor 
group, their instruction in mathematics class only contributed to cognitive domain. However, in the case of the 
Robot group, treatment contributed to both cognitive and affective domains. In conclusion, robots have potential 
to replace traditional ruler and protractor use in geometry education from the perspective of their effects on 
cognitive and affective domains. 
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Introduction 
The results of the TIMSS (Trends in International Mathematics and Science Study; 
International Association for the Evaluation of Educational Achievement, 2008) show that 
while South Korean students ranked second of 50 countries in mathematical achievement, 
their interest, self-concept, and efficacy in relation to mathematics were 43rd. According to 
the statistics (National Youth Policy Institute of Korea, 2007), the main drivers of the high 
achievement of Korean students are the desire to meet university admission requirements, 
teaching by rote, and parental concern about their children’s grades.  
 
The emphasis on mathematics and science education for K-12 students is not limited to Korea; 
in the United States, the America Competes Act of 2007, passed to foster innovation in 
mathematics and science education, authorizing the investment of $37 billion in improving 
student performance on standardized tests in math and science. Similarly, the governments of 
the United Kingdom, Finland, Israel, and Japan, among other countries, are continuing efforts 
in reform of math and science education to help maintain national competitiveness. 
  
Studies of educational robots report that robotics have a  potential  impact  on student’s 
learning in different subject areas (Physics, Mathematics, Engineering, Informatics and more) 
and on personal development including cognitive, meta-cognitive and social skills, such as: 
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research skills, creative thinking, decision making, problem solving, communication and 
team working skills, all of them being essential skills necessary in the workplace of the 21st 
century (Eguchi, 2010;  Benitti,  2012).  
 
According to Skemp (1979), learners do not understand higher-level mathematical concepts 
than those they already possess by learning their definitions alone. The only way for learners 
to understand high-level concepts is for them to experience an appropriate set of examples 
and non-examples. He explains that the concepts of mathematics, for their formation, require 
a number of experiences, or examples, that have something in common and those experiences 
include consideration of noise, which is conspicuous attributes of the examples that are not 
essential.  
 
For example, the teacher should center learner attention on examples and non-examples and 
should encourage interest and curiosity (so as not to generate monotony and boredom). 
Additionally, learning acquired through examples and non-examples is retained longer and 
transfers more easily to other domains (Skemp, 1986). For enhanced concept formation, 
examples and non-examples should be readily comprehensible to students and should excite 
their curiosity. In addition, learning materials used should be well planned, fresh, and 
challenging. According to Skemp, students can form a concrete notion by being 
simultaneously presented with examples and non-examples and by finding their own 
examples through their understanding of the systemic nature of mathematics and of the 
concepts under study. 
 
Thus, the purpose of this study is to investigate the effects of using a robot to implement 
Skemp’s teaching strategy on fourth-grade students’ understanding of quadrangles and 
polygons. More specifically, the research questions that guided the study were as follows: (1) 
What is the effect of teaching using robots together with Skemp’s learning theory on fourth-
grade student achievement in and acquisition and retention of understanding of quadrangles 
and polygons compared to that of teaching with a traditional ruler and protractor? (2) What is 
the effect of using robots with Skemp’s learning theory on fourth-grade student attitudes to 
mathematics compared to teaching with the ruler and protractor, and how long does this 
effect last? (3) What is the effect of using robots with Skemp’s learning theory on fourth-
grade student performance in math class compared to that under the ruler and protractor 
condition? (4) What is the relationship between achievements in and understanding of 
quadrangles and polygons on the one hand and attitudes toward math using robots with 
Skemp’s learning theory in fourth-grade students compared to that through the ruler and 
protractor? 
 
Theoretical Framework 
 
This chapter describes the theoretical framework for this study. The first part of this chapter 
explain geometry education for fourth-grade level students. Second part of this chapter 
describe Digital Tools for Geometry education. Third part of this chapter explain integrative 
approach for mathematics education. Last part of this chapter describe the research of 
education with robots. 
 
Geometry Education 
By the van Hiele (1986) model of student development in geometry, fourth-grade students are 
in the transition stage from level 1 to level 2. A child at this level might express his or her 
level of understanding as follows: “A square has four equal sides and four equal angles. Its 
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diagonals are congruent and perpendicular, and they bisect each other.” The properties of the 
shape have become more important than its appearance. Children can discuss the properties 
of the basic figures and recognize them by these properties but generally will not allow 
categories to overlap, because they understand each property in isolation from the others. For 
example, they will still insist that “a square is not a rectangle.” 
 
Many studies report that student performance in geometry is severely lacking and that 
students have numerous misconceptions regarding even the most basic concepts of geometry 
(e.g., Battista, 2007; Clement & Battista, 1989, 1992). Examples might include “a square is 
not a square if its base is not horizontal” or “the length of two straight lines is not equal if 
their endpoints are not parallel.” Numerous studies present evidence that the existence of 
“prototypical examples” as concept images is one of the main reasons for these 
misconceptions. For instance, Wilson (1983) reports that the student choice of examples was 
based more on common prototypes than their own definitions of concepts.  
 
Other studies (e.g., Hershkowitz, 1989; Hoffer, 1983; Prevost, 1985) also has been showed 
that in large percent of cases judgment of student based on common prototype. Hoffer (1983) 
found that students often could not identify a right-angled trapezoid as a trapezoid, since it 
did not look like a prototypical trapezoid. Meanwhile, Prevost (1985) reported that most 
seventh- and eighth-grade junior high school students were unable to identify any feature in 
common among rectangles, squares, and trapezoids, even though all the students could parrot 
the definitions they had learned at school. Furthermore, Hershkowitz (1989) found that 
students do not consider squares to be quadrilaterals because they have four equal sides while 
other quadrilaterals do not.  
 
Digital Tools for Geometry education 
To address these difficulties in geometry education, software environments such as 
MicroWorlds (Noss & Hoyles, 1996; Clements, 2001; Sinclair, 2015) and Dynamic Geometry 
System (Arcavi & Haddas, 2000; Mariotti, 2013; Kynigos, 2015) have been considered. 
Many scholars have studied the effects of MicroWorlds and DGS or precursor concepts on 
learning (Healy & Hoyles, 2001; Mariotti, 2001; Laborde, 2001; Moyer-Packenham, 2013). 
The MicroWorlds environment, based on a programming language that allows students to 
construct and reconstruct the environment’s elements, came into wide use in schools from the 
1980s (Hoyles & Noss, 1996).  
 
It provides a virtual space in which students can produce a drawing created without concern 
for the underlying geometrical relationship, in contrast to figures constructed using 
geometrical primitives and the relationships between them (Laborde & Laborde, 1995). With 
the advent of the constructivist view of mathematics education (Freudenthal, 1973; Lesh & 
Kelly, 1996), a social consensus on the need for an appropriate tool was what drove the 
development of MicroWorlds.  According to Piaget (1970), “physical abstraction” indicates 
the identification of common properties from perceivable objects, and “reflexive abstraction” 
refers to abstraction through general adjustment of action and operation. Constructivist used 
Such concept of abstraction when explain the learning of mathematics by Microword or DSG  
The constructivist approach in mathematics is intended to enable students to construct their 
own knowledge through reflexive abstraction from concrete operating activities. Hoyles & 
Noss review research on MicroWorlds that reports that gains in achievement using it are 
contingent on the design both of the software and of the activities presented to the students. 
To expect students to be able to engage in reflexive abstraction, software should also make it 
easy to construct an object by oneself, provide a history function for self-reflection and 
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feedback, and debug functions for conflict situations such as psychological connections 
between symbolic code and graphical output. In addition, teachers should organize student 
activities along the lines of group discussion and the sharing of each student’s thinking, small 
group activities, etc. (Abelson & diSessa, 1980; Edwards, 1995; Noss & Hoyles, 1996; 
Wilensky, 1993). However, some scholars have expressed reservations about the use of 
MicroWorlds in math education. Hoyles & Noss warn that there are clear limitations to text-
based interaction, not least the fact that textual literacy is a prerequisite. Considering teachers 
should provide group discussion and the sharing of each student’s thinking, small group 
activities when using Microworld, this research is distinguished since teacher do not have to 
provide those activities when using robot.  
 
Besides MicroWorlds, the DGS has become an increasingly common classroom tool to 
support the teaching and learning of plane geometry. DGS provides a setting in which 
students can construct and experiment with geometrical objects and relationships. The key to 
DGS is an interface that allows direct manipulation of geometrical figures, usually by 
dragging their components with the mouse.  
 
However, over time, studies of student use of with DGS have begun to raise issues of 
constraints and student difficulty with interpretation and construction. To address these 
problems, some studies have shown that an appropriate guide to learning activities and a 
guiding role by the teacher are needed to attain learning goals (Jones, 2001; Healy & Hoyles, 
2001; Mariotti, 2001; Laborde, 2001).  
 
As reviewed above, an approach to geometry education at school based on digital 
technologies such as MicroWorlds and DSG requires that these digital technologies be 
accompanied by a well-designed teaching and learning strategy and appropriate guidance to 
students. However, few of these studies have considered the effect of these tools on the 
affective as opposed to the cognitive domain of mathematics education.  
 
According to Bloom (1956), the cognitive domain involves knowledge and the development 
of intellectual skills. The affective domain includes the manner in which we deal with things 
emotionally, such as feelings, values, appreciation, enthusiasms, motivations, and attitudes. 
This suggests that studies on how best to foster growth in the affective domain of 
mathematics education using new media as a learning tool are needed.  
 
STEM (Science, Technology, Engineering, and Mathematics) education 
As mentioned above, a worldwide movement to reform mathematics education has emerged 
in many nations, predominantly the US, where the National Science Foundation (NSF) adopts 
the concept of STEM education. Sanders (2009) gives the fundamental rationale for 
integrative STEM education: “The basic point is that the ideas and practice of science, 
mathematics, and technology are so closely intertwined that we do not see how education in 
any one of them can be undertaken well in isolation from the others.” This implies that an 
integrative strategy for mathematics education is required. 
 
From the perspective of STEM education, the goal of mathematics education is as follows: as 
part of integrative STEM education, encourage student interest in and motivation to learn in 
mathematics, foster a positive attitude, let students experience success in learning 
mathematics, and arouse passion and immersion in learning mathematics. Ultimately, 
students should identify their own meaning in learning, and achieve virtuous-cyclic, self-
regulated learning (Sanders, 2009; Brown, 2011).  
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Robotics for education 
As can be seen, STEM education seeks solutions to the existing problems of mathematics 
education not in the cognitive domain but in the affective domain, with the implication that 
priority should be given to this domain in real-life math education. 
 
There is no doubt that many children and adults find robots fascinating, being familiar to 
students in their everyday lives, since they have spread into the home (Johnson, 2003). It has 
long been recognized that experiential, hands-on education provides superior motivation to 
learn new material, by giving real-world meaning to abstract knowledge (Stohr-Hunt,1996; 
Johnson, 1997) . Robotics has been known to be a superb tool for hands-on learning, of not 
only robotics itself but also general topics in STEM (Mataric, 2004).  
 
Moreover, robots offer the opportunity for creative expression and problem solving as part of 
a constructionist learning approach (Resnick, 2000; Mauch, 2001; Bers, 2002). Rogers states 
that the sometimes tedious subject matter in mathematics can be more compellingly presented 
using the novelty and kinesthetic nature of the robot. Nevertheless, Williams, Ma, Prejean, 
Lai, and Ford (2007) affirm that there is limited empirical evidence to prove the impact of 
robotics in the K–12 curriculum.  
 
By Bobis (2011), Variety in Teaching resources promote motivation and engagement at 
mathematics class. Such resources include multimedia, computer software, concrete 
manuplatives, model, simulations and experiment apparatus, calculators, and data loggers, 
newspapers, excursions, and outdoor activates. So robots can stimulate student’s motivation 
and engagement at mathematic class. 
 
Benitti (2011) reports that most previous applications of robotics technology in education 
have focused on supporting the teaching of subjects that are closely related to the robotics 
field, such as robot programming, robot construction, and mechatronics.  
 
This suggests that studies on robots as education tools to stimulate student interest and 
motivation to learn are still needed in other fields. Thus, some studies have suggested that 
using robot enhance motivation and interest of mathematics. Oritiz (2015) shows that when 
learning ration and proportion with LEGO Robot, Robot group’s level of motivation and 
interest toward mathematics were statistically higher than those of control group.  
 
To resolve existing problems, specifically the lack of interest in and motivation to excel in 
mathematics and the reluctance of many students in Korea to enter schools of natural sciences 
or engineering (Korea Education Development Institute, 2009), we studied robots as 
education tools in mathematics using a teaching-learning strategy to foster reflexive 
abstraction. Given the problems mentioned, we decided to investigate whether the cognitive 
and affective abilities of students developed differently with as opposed to without the use of 
robots.  
 
Method 
 
Research design 
This research attempted to use robots in a fourth-grade geometry course in order to 
investigate their effect on learning achievement (cognitive domain) and student self-
assessment (affective domain). This study adopted an experimental design to determine 
whether significant differences exist in learning achievement and learning attitude toward 
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mathematics between two groups: the Robot group and the Ruler & Protractor group. The 
two groups took 10 geometry lessons from the same teachers.  
 
The only difference was that the Robot group used robots to develop their examples and non-
examples while the Ruler & Protractor group used the traditional ruler and protractor. The 
independent variable is the learning tool; dependent variables are learning achievement 
(cognitive domain), learning performance during class, and student self-assessment (affective 
domain). 
 
Participants 
The participants in this study were 119 fourth graders (11 to 12 years old) attending a public 
elementary school in an urban district in South Korea. The students were randomly selected 
from four classes and then randomly assigned to either the Robot group (58 children) or the 
Ruler & Protractor group (63 children). Both groups participated in 10 geometry lessons. At 
the start of the study, the number of participating students in the Robot group was only one 
less than that in the Ruler Protractor group (Robot: 62, Ruler & Protractor: 63). 
 
However, during the course of the study (four months), absenteeism resulted in a disparity in 
numbers between the two groups. Four different teachers with between 8 and 25 years of 
experience taught mathematics to the four classes. 
 
Instrument 
we develop the two kinds of test which are achievement test and The natural observation test. 
An achievement test was developed to measure student achievement in understanding 
quadrangles and polygons based on the teaching guidebooks specified for mathematics 
teachers by the South Korean curriculum. The test involved 20 items, including eight 
problems involving the drawing of quadrangles and polygons and 12 explaining the concepts 
of quadrangles and polygons.  
 
The test was prepared by the researchers and checked by four mathematics teachers at the 
school, as well as the expert who wrote the government designated mathematics textbook. 
The test was designed to measure the following student objectives: (1) understanding the 
definition of a perpendicular line and a parallel line, and drawing and constructing 
perpendicular and parallel lines; (2) explaining the distance between parallel  lines  and  
drawing the distance by definition between parallel lines; (3) understanding  the definition 
of a polygon and drawing polygons; (4) distinguishing among polygons; and (5) 
understanding the relationships of inclusion between polygons. Ten of the items related to 
objectives (1) and (2), while the remaining 10 tested (3), (4), and (5). Appendix C show 
sample items used in the achievement test.  
 
The test was piloted with nine fifth-grade students through face-to-face interviews and tests. 
The students were chosen on the basis of their mathematics level (with a mix of high, middle 
and low ability). The main purpose of the pilot was to determine the level of difficulty 
students felt in understanding the tasks set in the test. All tasks were scored as either 0 or 5. 
The same version of the test was administered to the students as a pretest, post-test, and 
delayed post-test (before, immediately after, and three months after treatment), respectively. 
Students were given 40 minutes to complete the test each time. Immediate post-test results 
yielded a Cronbach’s alpha coefficient of internal consistency of 0.867. 
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The natural observation test used was designed to measure student levels of participation, 
immersion and performance during class. Forced-choice checklists were used to assess 
performance during class before the beginning of the treatment. The evaluation was 
performed on two domains: learning attitude and learning outcome. Leaning attitude was 
scored by the student’s level of class participation: a very active attitude was scored as 4, an 
active attitude as 3, a normal attitude as 2, and a poor attitude as 1. Learning outcome was 
scored by student’s degree of attainment of learning objectives at that point: excellent as 4, 
good as 3, normal as 2, and bad as 1. The test was administered to each group by the same 
two teachers that had observed them.  
 
The treatment took place over 10 hours of class for each group. Cronbach’s alphas for 
Teacher A’s observations ranged from 0.901 to 0.907 for the Robot and Ruler & Protractor 
groups respectively, and for Teacher B, from 0.881 to 0.902. To evaluate interobserver 
reliability, we calculated Pearson correlation coefficients for learning attitude and 
performance during class. Those values were 0.735 and 0.659.  
 
Assessment of the affective domain in mathematics education is intended to measure student 
attention to, interest in, motivation toward, and self-confidence in mathematics. A positive 
attitude and improvement-fostering values play important roles in learning mathematics and 
vitalizing learning activity, with the ultimate goal of helping students achieve outstanding 
performance (Korean National Curriculum Guidebook [MOE, 2010]).  
 
According to Kenney and Siver (1983), the affective domain of mathematics consists of 
interest and curiosity, self-confidence, anxiety, awareness of usefulness, creative 
mathematical thinking, and participation in mathematics class. In our study, based on Kenney 
and Siver (1983) and the Korean national mathematics curriculum, we developed the self-
assessment test (affective domain) (See Appendix D). This test involved 28 items with seven 
subdomains, using a Likert-type scale. Each item has a 1 to 5 response scale. A post-test of 
affective domain results yielded a Cronbach’s alpha coefficient of 0.858. 
 
Procedures 
Both the Robot group and the Ruler & Protractor group were given 10 hours treatment each 
and underwent pre-, post-, and delayed post-tests of the cognitive and affective domains. 
Moreover, during class, teacher-observers evaluate the students’ levels of performance and 
participation in class. Through the delayed post-test, we investigated whether the effects of 
the robot treatment persisted.  
 
A natural observation during class was performed for 40 hours in each group by the same 
teacher-observers, who had no previous connection with this study. The observation teachers 
did not assist the students but merely observed and evaluated them. Both groups were taught 
by the same teacher, who was one of the authors. The experiment lasted three weeks and was 
carried out simultaneously in both groups.  
 
Students met twice a week for math class; each class was 80 minutes. The students in the 
Robot group were taught for 20 minutes by the researcher on how to control the robots prior 
to the beginning of the treatment. The teaching of both groups was based on the official 
fourth-grade textbook. Due to concerns about the capacity of the classroom and the number 
of available robots, we divided each group into two classes. During class, students engaged in 
activities intended to help them understand the concept of figures, draw the figures (i.e., 
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create examples and non-examples) and learn the key concepts of geometry from the 
examples and non-examples. 
 
Treatments for the Ruler & Protractor group and for the Robot group 
Treatment for the Ruler & Protractor group 
The South Korean government modified its official elementary math curriculum in 2009. The 
revised curriculum focuses on helping students grasp mathematical concepts on the basis of 
their observation and manipulation of real life. The official math education guidebook for 
teachers instructs them to let students use rulers and protractors to learn the concepts of 
geometry.  
 
Appendix E shows a scene where students in the present study’s Ruler & Protractor group do 
an activity developing examples and non-examples. In each geometry lesson, first, teachers 
let students find real-life examples related to the concepts of geometry. For examples, the 
teacher may let students present an object that features parallel lines to the class. As many 
students as possible should be allowed to contribute by finding examples of these concepts. 
 
Next, figure definitions should be presented and read aloud together. Students presenting their 
individual opinions should be allowed to observe and verbally identify the properties of the 
figures. In this activity, students investigated the properties of the figures using rulers and 
protractors handed out before class. Students conducted their activity individually, solving 
problems in the textbook, matching figure with their definitions and properties. 
 
In the next stage, students paired off to do an activity using Skemp’s examples and non-
examples. Each student spent 10 minutes drawing figures with a ruler and protractor and let 
his or her peers take turns finding and noting examples and non-examples. Next, each student 
reported the number of examples and non-examples he or she had found, and the teacher 
verified the student’s correctness, letting the student know whether they were learning 
concepts correctly. 
 
Treatment for the Robot group 
The Robot group was taught in the same classroom as the Ruler & Protractor group. In all, 18 
robots were prepared by the researchers for the experiment; 16 were used in class and two 
held in reserve. The robots were assembled as shown in Appendix F, in various shapes. 
Students let the robots be equipped with pens for drawing. The students drew figures on their 
desks, which were covered with transparent vinyl. The robots were designed to also imitate 
the function of a ruler. Students of the robot group were expected to construct figures by 
drawing their outlines, and so the robots were designed to draw lines in various ways.  
 
The researchers developed a program for the robots to function as shown in Appendix G. The 
robots had various shapes and carried holders in which students could place pens. Before the 
experiment, the Robot group was divided into two classes and each student was given a robot, 
a set of pens, a pen eraser, and a ruler and protractor. The session proceeded in substantially 
the same way between these two classes and between the Robot and Ruler & Protractor 
groups. First, teachers let students think of examples from their real lives related to the 
concepts of geometry being taught; then, they presented the definitions of the various shapes 
under study.  
 
After that, with the guidance of the textbook, the students found the properties of the figures 
using their rulers and protractors. Next, students solved problems related to the properties of 
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the figure in the textbook by pairing off and doing Skemp’s examples and non-examples 
activity with the aid of a robot. One student drew figures using the robot, and the other 
student verified whether they were examples or non-examples using the ruler and protractor; 
then, the students switched roles.  
 
As in the ruler and protractor group, students were given 10 minutes for this activity, after 
that activity, the students reported the number of examples and non-examples they had found, 
and the teacher verified their accuracy. Skemp’s examples and non-examples activity using 
the robots is shown in Appendix H. When a student had trouble with his or her robot, the 
researchers replaced it. 
 
Results 
 
Result of the achievement test in cognitive domain 
Pretest 
The pretest result showed that the Robot group’s average score was 34.3 compared to 37.5 for 
the Ruler & Protractor group. One-way analysis of variance (ANOVA) showed that the scores 
of the two groups were not significant different statistically, F(1,119)=0.454, p=0.502 (see  
Table 1), which indicates that the level of mathematical knowledge of the two groups of 
students was approximately the same as before the experiment. 
 
Table 1: ANOVA of pretest score for Robot and Ruler & Protractor groups 

 N M SD df F Sig. 
Robot 58 34.3103 27.03877 119 .454 0.502 Ruler & Protractor 63 37.5397 25.68219 

p<0.05 
 
Posttest 
The posttest results showed that the Robot group’s average score was 59.6 and that of the 
Ruler & Protractor group, 57.3. Although the Robot group’s average was higher, one-way 
ANOVA showed no statistically significant difference, F(1, 119) =0.270, p=0.604(see Table 
2). This shows that teaching enhances learning achievement in geometry, across both these 
methods. 
 
Table 2: ANOVA of posttest scores for Robot and Ruler & Protractor groups 

 N M SD df F Sig. 

Robot 58 59.5609 24.41032 
119 .270 0.604 

Ruler & Protractor 63 57.3016 23.55203 
p<0.05 
 
Delayed Test 
The same test was also given as delayed posttest to both groups three months after 
completion of the treatment to measure the level of retention of learning. As shown in Table 3, 
a mixed ANOVA showed no significant difference. There was a significant interaction effect 
between times of testing, but there was no significant interaction between time of testing and 
group. This indicates that student achievement in the cognitive domain across time of testing 
was not dependent upon treatment (Robot or Ruler & Protractor). 
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Table 3: Mixed ANOVA analysis for pre-, post-, and delayed posttest 
Source Type III Sum of Squares df Mean Square F Sig. η2 

Time 48851.059 2 24425.53 132.4802 0.0000* 0.5268 

Time*Group 588.80026 2 294.4001 1.5967 0.2047 0.0132 

Error (Time) 43880.345 238 184.3712    

Group 12.704312 1 12.70431 0.0096 0.9220 0.0008 

Error 157254.51 119 1321.466    
p<0.05 
 
Self-assessment test for the affective domain 
Pretest 
Pretest results show that the two groups’ average scores were approximately the same before 
the experiment, and one-way ANOVA shows no significant difference statistically, 
F(1,119)=0.454, p=0.502 (see Table 4), which indicates that the affective level of the two 
groups of students in relation to math was approximately the same before the experiment 
 
Table 4: ANOVA of pretest scores for Robot and Ruler & Protractor groups 

Source Group N M SD Df t Sig. 
Interest in and 

curiosity toward 
mathematics 

Treatment 58 12.8103 3.06341 

119 

-.294 .769 
Control 63 12.9683 2.84530 

Self-confidence in 
mathematics 

Treatment 58 10.3276 2.91631 -.137 .892 
Control 63 10.3968 2.66119 

Anxiety toward 
mathematics 

Treatment 58 6.7414 1.85964 .072 .942 
Control 63 6.7143 2.22470 

Awareness of 
the usefulness of 

mathematics 

Treatment 58 12.7586 2.45171 
.221 .825 

Control 63 12.6667 2.11752 

Tenacity and will to 
complete the task 

Treatment 58 11.1724 1.93887 
-.326 .745 

Control 63 11.2857 1.87882 

Creative thinking in 
mathematics 

Treatment 58 10.3448 2.43909 -.783 .435 
Control 63 10.6667 2.07908 

Participation in 
mathematics class 

Treatment 58 10.0517 1.84887 
.372 .711 

Control 63 9.9365 1.55411 
p<0.05 
 
Posttest 
Since the pretest scores of the two groups were not entirely equivalent, this study used 
posttest score as a dependent variable to avoid any interference by pretest scores with the 
effects of the experiment. A one-way analysis of covariance (ANCOVA) was conducted using 
the posttest scores as an independent variable and the pretest scores as a covariate. This 
accounted for the actual difference among posttest scores and excluded interference from the 
pretest scores.  
 
As shown in Table 5, both ‘interest in and curiosity toward mathematics’ and ‘participation in 
mathematics class’ scores between the two groups were significantly different after pretest 
scores were controlled. This indicates that the robots stimulated students, who used them to 
take more interest in and have more curiosity toward mathematics and to increase their level 
of participation in math class. 
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Table 5: Posttest ANCOVA for Robot and Ruler & Protractor groups 

Source Type III Sum 
of Squares df Mean 

Square F Sig. 

Interest in and curiosity toward mathematics 402.485 1 402.485 78.932 0 
Group 55.546 1 55.546 10.893 0.001* 
Error 601.698 118 5.099   

Self-confidence in mathematics 420.05 1 420.05 115.164 0 
Group 4.137 1 4.137 1.134 0.289 
Error 430.393 118 3.647   

Anxiety toward mathematics 289.015 1 289.015 81.692 0 

Group 2.643 1 2.643 0.747 0.389 
Error 417.467 118 3.538   

Awareness of the usefulness of mathematics 176.351 1 176.351 35.867 0 
Group 8.605 1 8.605 1.75 0.188 
Error 580.181 118 4.917   

Tenacity and will to complete task 
for task 166.013 1 166.013 51.759 0 

Group 1.96 1 1.96 0.611 0.436 
Error 378.477 118 3.207   

Creative thinking in mathematics 320.81 1 320.81 108.184 0 
Group 2.975 1 2.975 1.003 0.319 
Error 349.919 118 2.965   

Participation in mathematics class 45.852 1 70.776 15.507 0 
Group 38.672 1 23.747 13.079 0.000* 
Error 348.916 118 2.746   

*p<0.05 
 
These results correspond with those of the qualitative student interviews. In the Robot group, 
the observers reported that students were immersed in the learning activity, whereas in the 
Ruler & Protractor group’s they were bored. 
 
Delayed posttest 
The same tests were also given as delayed posttests to both groups, three months after 
completion of the treatment, to measure retention of affective change. As seen in Table 6, 
mixed ANOVA showed a significant interaction between time of testing and group with 
regard to interest in and curiosity toward mathematics and to participation in mathematics 
class; but regarding the former, there is no significant effect between groups.  
 
Interest in and curiosity toward mathematics in the Robot group had increased against that in 
the Ruler & Protractor group at posttest. This corresponds with the posttest ANCOVA results. 
However, at delayed posttest, interest and curiosity in the Robot group showed a larger drop 
than that in the Ruler & Protractor group, which showed only a slight change.  
 
This indicates that interest in and curiosity toward mathematics in the Robot group lasted 
only during the class using the robots. Although there were significant interactions across 
time of testing in self-confidence in mathematics and awareness of the usefulness of 
mathematics, there were no significant interactions between time of testing and group. 
Participation in mathematics class revealed a significant interaction between time of testing 

62 



International Journal of Innovation in Science and Mathematics Education, 24(2), 52-70, 2016. 

and group. This indicated that the Robot group maintained their level of participation even 
without the robots. 
 
Table 6: Mixed ANOVA analysis of pre-, post-, and delayed posttest 

Source of variance Source Type III 
Sum of 

 

df Mean 
Squar

 

F Sig. 
η2 

Interest in and 
curiosity toward 

mathematics 

Time 81.437  2.00  40.71  12.91 0.000*  0.098  
Time*Group 41.437  2.00  20.71  6.574  0.002*  0.052  
Error (Time) 750.117  238.00  3.152     Group 8.270  1.00  8.270  0.448  0.505  0.004  

Self-confidence in 
mathematics 

(e=.943) 
Greenhouse–Geisser 

correction 

Time 34.176  1.887  18.11  7.021  0.001* 0.056  
Time*Group 2.606  1.887  1.381  0.535  0.576  0.004  

Error 579.235  224.497  2.580     Group 0.702  1.000  0.702  0.039  0.843  0.000  
Error 2117.507  119.000  17.79     

Anxiety toward 
mathematics 

Time 6.177  2.000  3.089  1.579  0.208  0.013  
Time*Group 1.351  2.000  0.675  0.345  0.708  0.003  
Error (Time) 465.597  238.000  1.956        

Group 3.398  1.000  3.398  0.297  0.587  0.002  
Error 1361.935  119.000  11.45        

Awareness of the 
usefulness of 
mathematics 

Time 18.020  2.000  9.010  3.210  0.042*  0.026  
Time*Group 5.392  2.000  2.696  0.961  0.384  0.008  
Error(Time) 667.997  238.00  2.807     

Group 17.204  1.00  17.204  1.429  0.234  0.012  
Error 1433.126  119.00  12.043     

Tenacity and will to 
complete the task 

 

Time 3.303  2.00  1.651  0.742  0.477  0.006  
Time*Group 2.135  2.00  1.067  0.480  0.619  0.004  
Error(Time) 529.358  238.000  2.224     

Group 0.084  1.000  0.084  0.010  0.920  0.000  
Error 987.332  119.000  8.297     

Creative thinking in 
mathematics(e=.907) 
Greenhouse–Geisser 

correction  

Time 13.664  1.814  7.534  2.796  0.069  0.023  
Time*Group 2.523  1.814  1.391  0.516  0.580  0.004  
Error(Time) 581.582  215.807  2.695     

Group 1.802  1.00  1.802  0.141  0.708  0.001  

Participation in 
mathematics class 

Time 65.268  2.00  32.634  14.339  0.000*  0.108  
Time*Group 23.373  2.00  11.68  5.135  0.007*  0.041  
Error(Time) 541.646  238.00  2.276     

Group 62.899  1.00  62.89  13.52  0.000*  0.102  
Error 553.486  119.00  4.651     *p<0.05 

 
Natural observation during the class 
Another test, consisting of natural observation for 40 hours of class, was performed by two 
teacher-observers. They evaluated the students by performance at Stages 1 and 2 (see 
Appendix A) and by level of participation in class. At Stage1, students drew examples and 
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non-examples by definition. At Stage 2, students identified examples and non-examples 
among their figures. Each teacher separately graded all the students using prepared forced-
choice checklists. The final score of each student was arrived at by averaging the two 
teachers’ marks.  
 
Table 7 shows the result of one-way ANOVA of observation scores, revealing a slightly 
different result than described above. The written test for the cognitive domain in 
mathematics showed that mean scores in the Robot group in the pre- and post-tests were 
higher than in the Ruler & Protractor group. However, mean performance scores in the Ruler 
& Protractor group under natural observation during the class were higher than those of the 
Robot group.  
 
This indicates that the observation teachers gave higher marks for the right shape drawn with 
a ruler and protractor than with a robot. However, the ANOVA result shows no significant 
statistical difference between groups, F(1,119)=3.791, p=0.054. Meanwhile, observation for 
level of participation yielded a higher mean score for the Ruler & Protractor group than for 
the Robot group.  
 
However, one-way ANOVA showed no significant difference, F(1,119)=1.223, p=0.271. This 
result was different from that of the self-assessment test in the affective domain. This 
indicated that although the observation teachers evaluated the Ruler & Protractor group 
students highly, the students did not rate highly in self-assessed participation themselves. 
 
Table 7: ANOVA analysis of mean scores based on observation for Robot and Ruler & 
Protractor groups 

 

Descriptive Statistics ANOVA analysis 

Group N SD Source of 
variance 

Type III Sum 
of Squares df SS F p 

Performance 
TR 58 3.226 Treatment 52.296 1 52.296 3.791 

 
0.054 

 CO 63 4.111 Error 1641.452 119 13.794 

Level of 
participation 

TR 58 4.655 Treatment 32.686 1 32.686 1.223 
 

0.271 
 CO 63 5.600 Error 3180.182 119 26.724 

 
Correlation analysis between achievement and observation tests during class and self-
assessment test 
The result of the correlation analysis between the achievement test for the cognitive domain, 
the self-assessment test for the affective domain, and the observation test is shown in Tables 8 
and 9. For the affective domain, we included only some evaluation elements, specifically 
interest in and curiosity toward mathematics and participation in mathematics class, since 
these showed the most important differences (see Table 6).  
 
As shown in Table 8, correlation analysis of the Ruler & Protractor group revealed significant 
interactions between achievement scores in the cognitive domain and observation test scores, 
but no significant interaction between cognitive domain scores and self-assessment test 
scores in the affective domain.  
 
This indicates that students in the Ruler & Protractor group, who were observed participating 
eagerly in class by the teachers and got good scores, were not affected by their experiences in 

64 



International Journal of Innovation in Science and Mathematics Education, 24(2), 52-70, 2016. 

mathematics class in terms of the aspects retained here. Math class did not contribute to their 
interest in or curiosity toward mathematics or their participation in class but only to the 
growth of their math-related cognitive domain. 
 
Table 8: Results of correlation analysis of Ruler & Protractor group 

   Pretest score for 
interest and curiosity 

Pretest score for 
participation in 

mathematics class 

Pre-
test 

Scores 

Pearson 
  

-0.141 0.177 
Sig.  0.269 0.166 
N 63 63 

 
 

Performance based 
on observation 

Participation 
based on 

observation 

Posttest score of 
interest and curiosity 

Posttest score of 
participation in 

mathematics class 

Post-
test 

Pearson .693** .462** 0.226 0.153 

Sig.  0 0 0.075 0.23 

N 63 63 63 63 
**Correlation is significant at the 0.01 level (two-tailed). 
 
In the case of the Ruler & Protractor group as well, correlation analysis between the 
achievement pretest and pretest scores for interest in and curiosity toward mathematics and 
participation in class showed no significant interaction (see Table 8).  
 
However, as shown table 9, contrary to the Ruler & Protractor group, the correlation analysis 
for the Robot group revealed a significant interaction between these variables, indicating that 
the use of robots affected both student scores on the written test and student attitudes toward 
mathematics. In other words, it contributed to both the cognitive and affective domains. 
 
Table 9: Result of correlation analysis of Robot group 

       
Pretest score for 

interest and 
curiosity 

Pretest score for 
participation in 

mathematics class 

Pre-test 
Pearson 

    
0.203 0.312 

Sig.  0.126 0.017 
N 58 58 

    Achievement based 
on observation 

Attitude 
based on 

observation 

Posttest score for 
interest and 

curiosity 

Posttest score for 
participation in 

mathematics class 

Post-
test 

Pearson .595** .569** .345** .424** 
Sig.  0 0 0.008 0.001 
N 58 58 58 58 

**Correlation is significant at the 0.01 level (two-tailed). 
 

Qualitative analysis of student learning and interviews with teacher-observers 
To explain the results of the quantitative analyses, we interviewed students in the Robot 
group as well as the observation teachers (See Appendix I). We recorded all interviews and 
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analyzed them. Student to be interviewed were chosen by a stratified sampling method with 
four strata: above average, average, below average, and minimal based on pretest scores.  
 
We can draw several conclusions from the interviews with the Robot group students and 
teacher-observers. With regard to the students, first, these responses correspond with the 
results of the statistical analysis of the affirmative domain showing that interest in and 
curiosity toward mathematics and participation in math class are enhanced by robot use. 
Second, we see that drawing figures with the robots encourages the production of more 
examples than does the use of ruler and protractor.  
 
Conclusion 
 
The main purpose of this study was to investigate the effect of the use of robots with Skemp’s 
“examples and no examples” strategy in teaching geometry to Korean fourth-graders. The 
results can be summarized as follows. First, though the Robot group’s average score in terms 
of change in the cognitive domain was higher than that of the Ruler & Protractor group, there 
was no significant difference statistically. Second, the results of observations during class 
showed that performance did not significantly differ between the groups. Third, the self-
assessment test in the affective domain shows that the Robot group’s level of interest in and 
curiosity toward math and their level of participation in math class were higher than those of 
the Ruler & Protractor group.  
 
A delayed post-test three months after completion of the treatment showed that Robot group’s 
level of participation was still higher than that of the Ruler & Protractor group, while levels 
of interest and curiosity were not significantly different between the groups. This indicates 
that though the robots were gone, the habit of participating in class persisted.  
 
Next, we conducted correlation analyses between achievements in the cognitive domain, 
observation test results, and self-assessment in the affective domain. In the case of the Ruler 
& Protractor group, there were no significant interactions between cognitive and affective 
domain scores either at pretest or at post-test. In the case of the Robot group, at pretest there 
was no significant interactions between achievement scores in the cognitive domain and self-
assessment scores in the affective domain.  
 
However, at post-test, the results of the correlation analysis between achievement in the 
cognitive domain and post-test scores for interest in and curiosity toward math and for 
participation in math class revealed significant interaction. This result indicates that geometry 
instruction using a ruler and protractor improves students’ abilities in the cognitive domain 
but not their interest, self-concept and efficacy in mathematics. Regarding the use of robots, 
in contrast, we can draw the conclusion that it improves ability in these affective realms as 
well as the cognitive domain.  
 
We can also draw certain conclusions from the interviews with the teacher-observers. First, 
they observed that Robot group students more eagerly participate in math class than do those 
in the Ruler & Protractor group. Second, the Robot group students seem unfocused, 
explaining their lower evaluation in the cognitive dimension. Third, the Robot group eagerly 
produced various figures and checked them, while the Ruler & Protractor group often fiddled 
around after only doing the assigned work and no more. 
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The results of PISA (Programme for International Student Assessment; Organisation of 
Economic Co-operation and Development(OECD), 2003) indicate that although Korean 
students have reached a comparatively high level of achievement in mathematics, they have 
low motivation and a negative attitude to mathematics. This study could provide a solution to 
the problem of overcoming this gap. The robots used in this study had an effect on interest in 
and curiosity toward mathematics and on participation in mathematics class. This suggests 
that further application of robots as a learning tool can produce productive results in this 
realm. 
 
Discussion 
 
Some  scholars (Jones, 2001; Healy & Hoyles,  2001; Mariotti,  2001; Laborde, 2001) 
who have examined the use of MicroWorlds and DSG as new media for teaching geometry 
have expressed reservations regarding whether  the effects  of these media originate from 
the media  themselves or from the learning strategies used with them. Subsequent to this 
work, therefore some scholars have studied the effect of learning tools like those considered 
here combined with teaching strategies, without differentiating between medium and strategy 
(Hollebrands, 2007; Erbas & Yenmez 2011). The present research also falls into this category. 
 
Interviews with students and teachers indicate that Skemp’s strategy stimulated students to 
produce more examples and non-examples. Therefore, we draw the conclusion that the use of 
drawing robots is appropriate to Skemp’s strategy, since it also encourages students to be less 
afraid to make mistakes in drawing because the mistakes were being made not by them per se 
but by the robots. These errors were also useful in another way, as for example when the 
students intended to draw rhombuses but instead drew rectangles or parallelograms due to 
imperfect control of their robots. This helped them understand the relationships between 
these figures. Wilson(1983) explains that students have misconceptions about figures due to 
the existence of “prototypical examples” of the figures. 
 
From the interviews with students and teachers, we have seen that while Ruler & Protractor 
group students imitated the examples in the textbook, Robot group students developed 
various examples of their own. This indicates that the robots helped students move beyond 
reliance on “prototypical examples.” In a related point, as Hoyles & Noss point out, if 
students are to use MicroWorlds or DSG in math class, they need to know how to use the 
software; this requirement places an added burden on them. In contrast, the robots used in 
this study are simple to operate. It does not mean that Robot group’s task is easier than the 
Ruler & Protractor group’s task. By the student’s interview, robot draw a line autonomously, 
but it did not draw a figure autonomously. Student tried several times to draw a figure. 
Laborde & Loborde (1995) distinguish between “drawings” created without concern for the 
underlying geometrical relationships and “figures” constructed with an understanding of 
geometrical primitives and the relationships between them. Therefore, the visual output of 
DSG, for instance, does not represent an instance of a geometrical figure but instead a class 
of drawings. However, with the robots, students constructed figures using geometrical 
primitives and relationships to find examples and non-examples of specific figures.  
 
Laborde & Loborde clarify that MicroWorlds and DSG are not appropriate tools to use for 
measurement education, which is a mandated topic for fourth graders in South Korean 
schools.  However, in contrast to MicroWorlds and DSG, the activities described in this 
paper let students develop skills in measurement and spatial sense. Sanders (2009) says that 
introduction of familiar technology to students in mathematics education encourages interest 
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and motivation, helps students maintain a positive attitude, fosters success in learning 
mathematics, and arouses passion toward and immersion in math learning, leading to a 
virtuous cycle of self-regulated learning. In the present study, we introduced robots to a 
mathematics class in order to see whether they enhance student achievement in the cognitive 
domain as well as the affective areas of interest in and motivation to succeed in mathematics. 
Our positive findings in this regard support Sanders’ assertion and show that STEM 
education with robots can arouse passion in students and create an immersive learning 
experience. Benitti (2011) presents a review of published literature on educational robotics, 
showing that as of February 2010, (1) only 10 articles had presented the quantitative 
evaluation of educational robots needed to ascertain their effectiveness; (2) most experiments 
involving educational robotics were not integrated into classroom activities, occurring instead 
as after-school or summer programs; and (3) no previous articles had looked at students 
around the fourth-grade level. These facts clearly demonstrate the significance of the present 
study, which covers these previously understudied areas. 
 
However, two main limitations exist to this study. One is its short duration (three weeks). 
Although, to decrease the Hawthorne effect, we offered a program to experience robot for the 
Ruler & Protractor group, and conducted a delayed post-test three months after completion of 
the treatment to investigate the persistence of effects, additional longitudinal research will 
give a more accurate picture of how students react and what gains they might experience 
from learning geometry in settings like the one presented here. As a second limitation, 
participants of the two groups took a regular mathematics exam two month after treatment. It 
seemed to have an effect on student retention level in the cognitive domain. If it had not been 
for the exam, this study would produce different results on student retention level in the 
cognitive domain at delayed post-test. Until now, several studies shows potential of robot as a 
learning tool. Still robot’s potential is unrealized. Most robots are expensive, difficult to 
manage, require time-consuming process to put together. Therefore, robots are used after 
school education program. On the contrary previous research, Robot of this research are used 
in regular class. In this respect, this study has convincingly shown that educational robots 
have potential as a learning tool in geometry, especially to stimulate student interest in and 
motivation toward learning. We hope that this study will provide useful guidance for 
practitioners and researchers in the field of education. 
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