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The Effects of a Robotics Program to Girls’
Aptitude and Attitude in STEM

LOUIS MARK N. PLAZA
NEAL ALFIE Y. LASTA

Abstract

Women sre underrepresented in STEM-rolated eareers. Factors
relating to this gender gap can be traced back further o how
women perceive STEM during their basic education vears. This
study aims to investigate the effect of a Logo Mindstarm robotics
program to high school girls’ aptitude and attitude towards
STEM in the Philippines. Forty-nine (49) female grade 10
students {mean age= 16/ from a science-based curriculum high
school participsted in this study Quslitative and quantrtative
assessments were used to measure the effectiveness of this
robotics program. Quantitatively, assessments on the aptitudo of
the students, tests on gear knowledge, sensors, and computer
programming, and Tesi of Science Rolated Atttudes and STEM
Carcer Interest Survey were used. Qualitative assessment was
done by themalic analysis of individual journals written by the
students during the course of the robotics program. Results
indieated that the students’ aptitude significantly improved alier
the robotics program. Moreover, girls’ attitude towards STEM did

not change significantly afier the program. However, the
students highly expressed interest towards robotics through their
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Introduction

Science, Technology. Engineering and Mathematics (STEM 1
a significant role in @ nation’s development. It ig important to dw‘,\h:

policies that help reduce gender gap in STEM, as such issues have g
impact to national and educatsonal development  (Akinsowon aud

Osisanwo, 2014).

Women are underrepresented in STEM (elds: a problem tha
requires complex and varied solutions (Scutt, 201:9). They are less likely
to choose STEM careers than men (Drury, et al., 2011) The stereotype
that STEM fields are mare appropriate for men than women s il
strong despile the progress in standardized math and scence Lest s

among women (Quinton, 2014).

To address the gender gap problem at
various programs have been developed Lo increase girls’ interests owarls
STEM influeneing their choices Lo pursu¢ STEM carecrs. Many af thw@i

ms invalve robotics projects since they 8re considerably econe®?,
and handy (Weinberg, et al. 201 5). For example, Massty (2004) dmfhﬂ“”f
a robotics curriculum for middle school year girls, which utilized h!ﬁ
Mindstorms products. It introduced students 0 slcillB, knowleds® @
concepts required to understand future technology. offer™

Studies have shown that robolics projects W€ il
pedagngical tools in teaching some concepls related W STEM. O ,wmz'
showed thal a roboticsbased science 80 tochnology "' " or?
ﬂmmly increased the mean scores on @ test that m@““ng ':fwmr
mlﬂdge on science, engineering and technology topk® u.;:;ke’f oy

ledge on the implemented Lego robolics ecyrriculum . « g’
\ISOTEe, 2007). A robotics program also h(‘lpt‘d impmwﬁ ! '

the oduca tional lesel
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towards science and technology, and allowed them (o solve problems, Lo
be creative, and to engage in constructivist learning (Ebelt, 2012).

While it is clear that robotics programs keep students actively
engaged in STEM learning aclivities, it is less obvious whether (hese
programs help students increase their interest towards STEM and their
perceplions towards their ability to pursue STEM areas of study and
STEM career choices or not (Weinberg et al, 2015).

Several studies have investigated the relationship belween
aptitude and attitude in the field of science. For instance, a study was
conducted o test attitudes using the test of science-related attitudes
(TOSRA) among students who joined a robotics competition. The results
showed that that there is a correlation between positive views towards
science and achievement in science. The same study implied that in order
to improve the attitude of students toward science, they must engage in
authentic science-related activities (Welch, 2010).

In this study, a robotics program was used to determine its effects
on the atlitude and aptitude of high school girls in STEM. To examine
attitude, the respondents took TOSRA before and after they participated
n the robotics program. TOSRA is specifically designed for secondary
students and measures 7 distinct science-related attitudes or scales:
career inleresl in science, leisure interest in science, enjoyment of science
lessons, adoption of scientific attitudes, attitude to scientific inquiry,
normality of scientists, and social implications of science. This test has
been used, including in this study, as a pre-test and a post-test Lo
determine any changes in science-related attitudes (Fraser, 1981). To
examine aptitude, a robotics aptitude test was developed. Students took
this test before and afler they participated in the robotics program. It
measures students’ knowledge in computer programming, LEGO
mindstorm gears and sensors.

This study aims to determine the effects of a robotics program Lo
high school girls’ aptitude and attitude in STEM. Specifically, it aims to
answer the following questions:

I. [How has the students’ attitude towards STEM changed alter the
robotics program?

2. How has the students’ scores changed {rom the pre-test to the post-

test of the robotics aptitude test?

Is there a correlation in the aptitude and attitude of the students?

Is there a correlation among the different attitude components?

0o
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Table 1. The Research Design

T ————
Attitude Aptitude
Phase 1: TOSRA- Test of Scence Related Roboties Aptitude Test
Pre-Test Attutude Components:
Components: Gears, Computer Programming,
Attitude to Seientific Inquiry, Sensors
Enjoyment of Science Lessons,
Carcer Interest in Science
STEM Career Interest Survey
(Kier et. al., 2013)
Components:
Attitude Towards Mathematics,
Attitude Towards Technology,
Autitude Towards Engineering e
Phase 2- Journal writing of siudents for ~ Blended [earning through
Implementation every station Station Rotation
of the Robotics
l’rogram =
=T
Phase 3: TOSRA Robotics Aptitude Test
Post Test STEM Career Interest Survey _//’/‘
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Results and Discussions

Effects of Robotics Program to Students’ aptitude
and attitude towards STEM

Table 2 shows that while there is a highly significant difference in
the aptitude of the students before and after the program, there was no
noticeable difference in the attitude lowards STEM. In the case of (he
change in the aptitude of the students, there were input mechanisms
employed (o increase the students’ pre-lest scores al the end of the
program. The teacher provided lectures and hands-on aclivities that
contributed to an increase in the students’ skills in understanding gears,
computer programming and using sensors, thus an increase in the post-
lest scores.

Table 2. Pre-test and Post-test Results of Aptitude and Attitude towards
STEM

Mean N  Sud Dev Mean Std. Dev T df  pvalue
Diff. Dy
Atutudo Pre-test 3.41956 49 (0.300528 0.007653 0.27348 0.196= 48 (.B46
Posttest 341180 49 0.338160
Aptitude Pre-test 22.00 42 2880 ‘1714 3.089 -3.885%" 48 <0.01
Post-test 2371 49 3.116

** highly significant
™not significant

Table 2 shows that the students’ attitude towards STEM before
the start of the robotics program is 3.41956. The qualitative
interpretation of this value is high, as shown in Table 3 below. The Post-
lest mean of 3.41190 also has a qualitative interpretation of high, which
implies that the attitude level before and after the robotics program
stayed at the same level. As for the case of the change in the attil,udg of
the students, their attitude towards STEM is already pegged at a high
value prior to the program. It appears that being enrolled in a science-
based curriculum for three years has made them develop a more posilive
attitude to science. The post-test results showed that students’ positive
attitude was high towards STEM bul the rating did not reach the highest
level of the scale.
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Table 8. Qualitative Interpretation of the Attitude Scale

Qualitative Equivalent Mean
[nterpretation Rating
very low 1.00-1.70
low 1.80-2.50
moderate 2.60-3.30
high 3.40-4.10
very high 4.20-5.00

While there was no significant difference in the quantitative
method, qualitative approach using thematic analysis of the students
journals revealed substantial themes regarding their attitude towards
STEM. dournal writing allowed the students to express their feeling
regarding their robotics learning experience. While not all studens
shared the same experiences as expected, three themes stood ou
Seduced from the recurring words used across the different journals.
M- :‘i Similar mg were given specific category. For e;ﬁp:s'

as fun, enjoy, enjoyable, and happy are categon

Enj - 0 -~
m’;;‘:l‘;m Table 4 presents some excerpts from the journal entnes of
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look at but as we go an, it
is actually fun and easy.
(Student 32)

it was fun bocause the
robot was able to run
farward and backward,
accelerate, furn around,

detect sounds and detect
black lines. (Student 4)

faster bocause we wore

a group. We are united
as ane. (Student 19)

Our team actively
participated and the
feeling is great knowing
that you were working
well as a team.

(Student 26)

The Mindanao Forum Vol XXX, No. | LM.N.PLAZA,etal JUNE 2017
Table 4. Excerpts from the Journal Entries
Enjoyment Teamwork Perceived Competency
The first time I saw the The work was made 1 learnod that a light
robot, it is complicated to | and done casier and sensor is something

that a robot ecan use to
detect current ambient
light level. (Student 7)

I Jearned how to solve
for the ratio of the gears
and whether it is going

up or down. (Student
11)

Correlation between aptitude and attitude of girls towards STEM

Consequently,

Table 5 shows the correlation of the aptitude and

attitude of the students towards STEM. Based on the results, it appears
that the girls’ attitude towards STEM has no significant effect on their

aptitude in STEM. A

does not guarantee tha

those in a robotics program.

girl’s interest or positive attitude towards STEM
t she will execute STEM-related skills well such as

Table 6. Correlation of Aptitude and Attitude of Girls Towards STEM

Aptitude (Pre) Aptitude (Post) Aptitude (DyD
Atutude (Pro) r 0.269
pvalue 0.062
Aptitude (Past) r 0.047w
pvalue 0.74G™ 00sim
Aptitade (D r oo
p-value

" lughly mgmficant
“not significant
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Correlation among difTerent attitude components
lopment of the questionnaire to measure the i,

In the deve i ;
EM. the following six components have been

of girls towards ST
established:

1 Attitude towards scientific inquiry
[ Attitude towards mathematics

M Enjoyment of science lessons

v Attitude towards technology

V  Career interest in science

Vi Attitude towards engineering

Table 6 shows the difference in the pre-test and post-test results
of each component while Table 7 shows the relationship of the
compouent.s, Based on Table 7, among the six components, only Part Il
(Attitude towards mathematics) has a significant increase from the
conduct of pre-test to post-test. Similarly, various studies have shown
positive effects on the aptitude and attitudes of students towards math
(Cejka et. al., 2006; Kimmel et. al, 2008; Nugent et. al., 2009).
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Table 6. Difference of Pre-Test and Post-Test Results Across the Six

Attitude Componentis

Part Mean N Std. Mean Std. Dev ¢ df p-value
Dev. Diff. Difr

i Pre 3.2939 49 47188 - .068327 42803 -1.0365= 48 308
Post 3.3571 49 51031

u Pre 36918 49 66890 17347 44664 2.719* 48 009
Post 3.6184 49 62339

1431 Pre 31939 49 70870 -.08163 67721 -B44= 418 403
Past 32766 49 .51862

v Pre 38286 49 55076 06939 52289 929 = 48 .358
Post 3.7692 49 46777

\ Pre 29838 49 .40469 -. 11837 .61828 -1.689= 48 116
Post 3.1082 49 ATTTT

vl Pre 35194 49 70036 .06633 65139 713w 48 479
Past 3.4631 49 58917

** lughly sigmificant
=not sygmificant

Results, as shown in Table 7, indicate that enjoyment of science
lessons is highly correlated with career interest in Science and attitude

fowards technology

is highly correlated with attitude towards

engineering. Aptitude, on the other hand, is not correlated with any part

of the attitude test.
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For the furtherance of the study, it is recommended that a
comparative study between a science-based curriculum high school and a
regular high school will be made. Since the study was concentrated on
studenis with a highly pesitive attitude towards STEM, it would be
recommended to use the same method among students with low or weak
interest lowards STEM.

Moreaver, researchers can look deeper into the relationship aof the
robotics program and the girls’ attitude towards specific fields such as
mathematics or physics.
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