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

LOUlS MARK 'N. PLAZA 
NEAL ALFTE Y. LASTA 

A1wtnd 

Women aro ,mde,rppresen·t.ed in BTE!tl·rolsJed alrlJeni. Factors 
rola-ting to this gcndar pp e11n btJ f,mccd back tu.rt.bar to how 
R,,--r.u7JCJ7 prnx-j~'t! srE!tl during their ha.sic oducation VOIU"S. This 
F.I udJ' IJ.im.s to in restip'f-.e d>e effect of s Logo MindsU:Jrm robotics 
pl"af!T7lm to high &Ohoo/ Kirls' spt;tudo and 11ttituds toWBrds 
STE.U in the Phi.ippines.. Forty-nine (49) ltJmalo grade IO 
studenr.s fmos:n age= J6) from a sciemxrba.sed curriculum high 
school pJJrticipa·t»d in t.bis study. (lwditative and quantitative 
a~nts wem used .to measure the eU'ectivonBSS al this 
robotics propmn~ QuantifBtivc/y, assessmen/8 on the aptitudo of 
1 he swdents. t,esL5 on gear knowledge, sensors, and computer 
pl"O/JTMDming, and TeGt of Science .Reht.cd Attitudes and STEM 
Career interest Survey wom used. (Jue.lif:Lltive assessment was 
done by thematic analysis of intlividusl journsls written by the 
students during the course of Lhe robotics plYJffrBm. Results 
1ndieated that the students' aptitude significantly in1proved efter 

the robotics progrsm-,. Moroover, girls' Bltitude towards STEM did 
not change Gign.i/iCBJJtJy after tho program. flowever,, the 
student...<; highly expressed interest wwards robotics tJirough tl1eir 
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Introduction 

Sci~ .. 1'c!chnoJOftV, Engineftling ~ntf MatJ)UlllUli.tl..ea (s•r~lO 1l1 

a Sijmificanl ruJe m m nation'-s da\'1!10pt1JC1.nt. Jt is flllJlUrtant rn d 1\1
1~' 

poiioes that help red~ gt,.ndc.r gap in STEM. {tli Hu<·h i~UL'ti ha<~t:-
1 

impact to national anrJ C'duattJonal dovoJoprn~.nl. (AJnn~wun 0~~ 

()si.-.;anwo, 20 I .f). 
Women tt_re undcr"'pn?-,entcd in STreM (Jctld,s; 11 p.n1ble-m rJat 

"'lUites comp)~ s.ntf \93.ricd soJu-tions <st~u LL 20 J 3). 1'bf'y a.n? l<">!M IDmlr 

t1., ~ STEM ~f8 lJUtD men OJrury, ct) aL, 201 t) 'I'll(? atm~ttJ('i' 

dml STEM fields a_re rnor@ approp,rialie (or men tJutn wum~n w irill 

~mng d~iLO the 1>~ in st~ntJArdi7.nd mnth 11nd se:icJTitl! ~, t'f'tij'Ol 

:unong wumnn (Quinton. 20 I ◄). 

To address lb<' gender gn,p prolJlo.m ff L (.he nducawunnJ ktva 

~-.nous pmgrnms hn,,e been developed t.o increa~ (Jirls' 1nu1r~U, tow,rdlj 

ST£M innut'ncing thnir choie@S to pun;ue STI™ CIJ~ .. M1ny lU tb~ 

JlropBfM invuh,c robot,ies projreLB si nee they arc oonaidurttbly e<·unoan.a,.tl 

and hnndy (Wc~nbc>.rg. t't sJ. 2016). J'or ex•mple, _M1tt.1JS(?Y. (i{)IH) ~~ 

• mlm.cs rumcutum for middle SC'hool y&1r g1rls, wh1~h uJJ{,j1J4cl' l!I~ 

ICmdstorms product.R. It int.rodue:od studen,Ls to siciils. kn(}wJ,:tlr~ 

mtrepts mqwn'd to understand futun f,oclulol,ogy. . ~ 

Studies h1t\'ft shown U1.:Jt robotics proJedJS ore d~~, 

niWfD~J J • 
e;J1"'f4'M Onie 04 

a----eus•Ul too B 1n ~aeh.ing some conoopt.ij re.Jn.LL~ Lo ~ ,. , ,ri<•lllii.1,n 

~ed that a mboUes~wa~ed scienco and ~hnofogy ('U~ \jf~I 

ri-; r. I . 
. "11 ,.~Tf5 fft.¼, 

~•u.dOint Y lncreasad the mean scon:NS on a tetSL tJuaL m[::Ju- ,,MIit 

kmwloo . . . " and t,J~- .. I 

b:uw ge on sc1onee, eoginooring and tc1eh.n0Jogy Wpt~ U kP1' Ofl" 

A~ge on Lhe implamc:inted L(~go robot.ies curr-1euJun1 , f.'nLHu,ilt 

·~,;r:, 2007). A roboWce program also h(,Jpro i,nprovr. r;.rr!B 
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tovinrds science and t.ecbnology, and allowed Lhom to solve problems. Lo 
bo crcat.ivo. nnd lo engage in oonstructhrist learning (Ebelt,. 2012). 

Wl1ile it is clear thal robot.ics programs keep students aclivc.ly 
engaged in STEM lcurni ng activities, it. is less obvious whether those 
progrc¼ms bc\p students increase their interest Lownnl.s STEM and their 
perePplions towards their ability Lo pursue S1'EM areas of study and 
ST~f care<'r choices or not (\Veinl>erg ct at 2016). 

Several st.udies have investigated Lhe relaLlonsh.ip between 
aptitude nnd at.Lltude in the field or science. For inst.ance, o study was 
conducted lO test attitudes using t.hc test of science·relat.ed altitudes 
(TOSRA} among students who joined a robotics compet.iLlon. The resulls 
showed that. Lhat there is n correlation between positive views towards 
science and achievement in science. The same stu,dy implied t.hat. in order 
oo improve the at.Litude of students t.owa.rd science, t.bey must engage in 
authentic science-re.la~ activities (Welch, 201 0). 

Ln this st.udyt a robotics program was used to determine its effcct.s 
on I.he attitude and aptit.ude of high school girls in STEM. To examine 
altitude. the respondcn~ took TOSRA before and after they participated 
in the robotics program. TOSRA is specificaJly designed for secondary 
students and measures 7 distinct science-related attitudes or scales: 
career interest, in sciencet leisure interest in science, eojoymeni of science 
lessons, adoption of scientific attitudes, attitude Lo scientific inquiry. 
normality of scientists. and social implications of science. This lest has 
been used~ including in Lhis study, as a pre-test and a post·test, to 
determine any changes in scicnce·relatcd attitudes CFraser, 1981). To 
examine apLltudc, a robotics aptitude test was developed. Student.a took 
this test before and after they participated in the robotics program. lt, 
measures students' knowledge in computer programming, LEGO 
mindst.orm g·cars and sensors. 

This study aims lo determine the elTect.s of a robotics program to 
high school girls• aptitude and attitude in STEM. SpecificaJly, it aims to 
answer Lbe fallowing questions: 

1. How has the studenis' altitude Lowards STEM changed afler the 
robotics program? 

2. How has Lhe students' scores changed from t.he pre·lcsL to the post· 
test of the robotics aptitude t.est:? 

3. ls there a correlation in the aptitude and attitude of the studeot.s? 
4. ls lhero a oorrelaiion among the different ntlitude components? 
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Methodology 

'J'hr research S<'I Ling is t.ho I ntegre lt'd Develop 

(ID
~) Lh<' l)nsir Pducntion d<'pflrtmont, of t..hc Mindanao SLO~~Untu_l Sci. 

.... ' I • 11 • C • t f"">J • 1 • "(\ n I l~
11 

lligan lnRlit,ulf' of Tech no o~ 1n ignn I y' 11 ippineg_ Since "c~,l} . 
-based cuniculum high school, the students , ""k • IDs l1i 

~1onCP .., f Ll "° c add' a 
• IV\ ~,nd mol.h subjects on top o 1c regular rcquirn-• 1Liona1 

ECtC'n,'" o l'I • 1 • • I.., I . • cu cou 
rogulnr high school~ in tJ10 11 •~~•_nes. 'or t. 11s study, fort..y·n ~~ or 
r. aln UT1\dr 1 O st.udPnt.s par l 1c1pntod. The avcra1rn. lnc (10) 
1cm '-- ~· ~ . o'-' age of 
pnrlicipo.nts is 1 G yen rs old. lhp 

The research dcsii,1 is divided into three phases n 
. h . a. • , amC'ly 

test ialplemenl.Btion of t l' rouoLics program and post·•~ , Pr\"' 
~ bod • . h • di '-'CSL Th 

dcscript ,on of the met. s In every P asc 1s scusscd in Tab) 1 e 

study is qu11.srcxperimcnt.aJ in nn1 u re. Prc·Lcsl. and post-Lest seo c • The: 
• • l Jt res Werti 

comrmred and the stat1st.1ca rcsu s were supported with qu!lj t .. 
u I utwci 

dnw. 

Table 1. The Rcs0arch Design 

Phru-c 1· 
Pro--Tesl 

Alt.itud~ 

TOSHA- Test or Science Related 
Attitudo 
Components: 
Attitude to Scientific Inquiry. 
Enjoyment of Scicnco Lessons, 
Career Int.crest in Science 
BTEM Carcor lntcrosL Survey 
(Kier cL al.. 2013) 
Components: 

Aptitude 

llobotics Aptil uJo Test 
Components: 
Gears. Computer Prognunmmz, 

Sensors 

Altitude Towards Mat hemat.ics, 
Attitudo Towards Technology, 
J\1t.it.ude Towards E.nmnecring 

----------------=-e,-_-· _ _::_ __________ ___ 

Phase 2= Journal writing of sludcnl.s for 
every station 

Illondod Learning throuJ?b 

SLo Lion Rot.a tion I mplementalion 
or the Robotics 
Program 

-------------------------
Phase 3: TOSRA H.obotics ApLitudC' Test 
Post Test s,,., 

________ • i_EM_, _c_aro___::_.=_er~ln:Lc=rc=:s:_:t_:S:_:urv~~oy:_ _______ _________,-
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Results and Discuaaiona 

Effects of Robotics Program to Students' aptitude 
and attitud.e towards STEM 

Table 2 shows LhaL while theTc is a highly significant difference in the apLit.ude of Lhc sLudent.s before and after tho program, there was no noticeable diITerence in the at.tiludc towards STEM. In the case of t,he 
cb.nngo in Lhe apt.itude of Lhe st.udent.s, there wcro input, mc.chanisms employed lo increase the students' pre-test scores at the end of the program. The l.cache.r provided lectures and hands-on acLivit,ies lhat contributed to an increase in Lhe st.ud.ents' skills in underst.anding gears, computer programming and using sensors, thus an increase in the postLest scores. 

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

Mean N Std. Dav. Moan Sld. Do,· T df p-valuc 
Dr.fl. DaJJ Allltud.o Pre-t.esl 3.◄ 1966 ◄9 0~28 0.007653 0.27348 0.196- 48 0.846 Post-tat 3.◄ 1190 ◄9 0.338160 

Aputud~ Pro·tesl 22.00 49 2.880 ·1.714 3.089 -a.886- 48 <0.01 P01t-test 2.'3. 71 49 3.116 
- h1&hJy aignificanl 
-not mgnaf1cant 

Table 2 shows t.hat the students, attitude t;owards STEM before the start of Lhe robot,_ics program is 3.41956. The qualitative interpretation oft.his value is high, as shown in Table 3 below. The Post· test mean of 3.41190 also has a qualitative interpretation of nigh, which implies thal the attitude level before and after the robot,ics program stayed at the same level. As (or the case of Lhe change in Lhe attitude of lhe students, their attitude towards STEM is already pegged at a high value prior to the program. lt appears that being enrolled in a science· based curriculum for Lhree years has made them develop a more positive attitude to science. The post-test results showed that stude,nts' positive 
attitude was high towards STEM but the rating clid not reach Lhe highest 
level of the scale. 
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TaWe s_ Qualitative (nt.crpretation of the At.ti LudC? Scale 

Qua.Ii ta tive 
[ntcrpretation 

veJ)l lOW 

low 
moderate 

high 
very high 

EquivnJent Mean 
Rating 

1.00-1.70 
1.80-2.60 
2.60-3.30 
3.40-4.10 
4.20-5.00 

While there was no significant difference in the quantitaJi\~ 
met.bo(L qualitai.i\re approach using thematic analysis of lhe students' 
jwma.ls revealed substantial th~m-es regarding their attitude wwards 
STEM.. Journal v.Titing allowed the students to express their Ceelings 
regarding their robotics learning experience. While not all students 
~ the same experienres as expecLed~ three themes stood out= 
enJoyment, lP.amwork and perceived competency. These themes ftff 
deduood from the recurring words used across t.he different joumals. Words • ~ L • • 1 • pie. Wlw. S1m1 ar meanang were viven srv,,riJic cah:~anry. For ex3JD words h r.. _ b-9 • t'.._._ "'"'8" • zed as 
E . rm sue . as u.1.u, enjoy, enjoyable, and happy are eate~n ft.hr si::

0
:t. Table 4. Presents some excerpts from t.he journal entnes 0 
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Table 4. ExCl'rpt.s from the tlourno l Entries 
Eujoymant Teamwork Peroaived Competency 

'11,w fi ~I timo I SB w tho Tho work was made I Joarnod thLJ t 11 hgh t robot, 1't is complicated to and dono easier and sensor is something look at bul as we go on., it fast,er bocause wo waro tl1a t B robot aan use t,o is actually &.!J. and tlflsy. s IJXOUp. Wo are united dateot aurront 11mbient (St udcnt 32) as ana. (Student 19) light /oval. <student 7) 

It. n'Bs fun lxx:ause tho Our tMm activaly l Josrnqd how to solve robot was able w run participa led and tho for tho ratio of the gears forward and backward, fooHng is great knowing and whether it is going BCJCelflrsf.(), turn around, t.ha t you we.re working up or down. (St-udenL det~t sounds and det,ect WBIJ as s toam. l l) black lines. (Student. 4) (Student. 26) 

Correlation be.tween aptitude and attitude of girls towards STEM 

Consequently, Tab1e 5 shows the correlation of the aptitude and nttjtudc of the students towards STEM. Based on the results, il appears Lhat the girls' attitude towards STEM has no significant effect on their aptitude in STEM. A girl's interest or positive attitude towards STEM docs not guarantee that she will execute STEM ·related skjlls well such as those in a robotics program. 

Table 6. Correlation of Aptitude and Attitude of Girls Towards STEM 
Apatudo (Pro) Apt.lt-udo O>o111tJ Aput.udo IDuO 

Atl.ltude (Pro) r 0.269 

Apt.1tudo (PQ.olt) 

t\pt.Jt.odo (Dul) 

.,. highly ,ugroftcartt 
t:::snot llgllU1.tanl 

p-value 0.002 
r 
p-valu.e 
r 

p·valuc 

81 
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I .:. among ruITe.renl attitude components 
C-0n-e aL.l.on a.a•• 

In tho devclopmenl or
11
t.he. que~t.ionnairo to ,":ehasure the attitude 

of girls towards STEM, the fo owmg six componen~ ave been 

established: 

J Attitude towards scientific inquiry 
U ALtit.ude towards mathematics 
m Enjoyment of science lessons 
IV Attitude towards technology 
V Career interest. in science 
VI Attitude towards engineering 

Table 6 shows t.he difference in the pre-test and post ·test results 

of each romponent while Table 7 shows the relationship of the 

components. Based on Table 7, among the six components, only Part 11 

<Attitude wwards mathematics) has a significant increase from the 

ronduct of pm-test to post-test. Similarly, various studies have shown 

positive effects on the aptitude and attitudes of students towards matb 

(Cejka et. al, 2006; Kimmel eL al, 2008; Nugent et. al, 2009). 
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Table 6. Diff c.ronce of Pro-Test and Post-Test Results Across the Six 
AttiLude Components 

Part Moan N Std. Moan 
Dift 

Sl.d. O.V t. df p-vaJuc 

I 

u 

Jlj 

IV 

V 

VI 

Pm 
Post 

Pm 
Post 

P1'8 
Post 

Pre 
Poo 

Pre 
Post 

Pre 
Post 

Ot!V. our 

3.2939 49 .47188 • .06327 .42803 
3..3571 49 .5103\ 

J.6918 49 .66890 .) 78-(7 .4,.664 
3,6184 49 .62339 

3.1939 49 .708"70 ·.08163 .67721 
3.2765 ◄9 .61862 

3.8286 49 .55076 .06939 62289 
3. 7692 49 .(5777 

2.9898 49 .46-469 • .t 1837 .61828 
3.1082 49 .47777 

3Ji 19-4 49 70036 .OG633 .G51J9 
3.4631 49 .58917 

0 highly s1gmJicant 
mnot. SJgmficact. 

·1.036- .t8 ~306 

2.719... 48 

·.844• 48 .403 

.929• 48 .358 

.116 

.713• 48 .◄79 

Results, as shown in Table 7, indjcate that enjoyment of science 
lessons is highly correlated with career interest in Science and attitude 
towards 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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Table '1 Relationship between Aptit,ude and the Six AUitude Com · and Relat.ionshi Amon At,t,itude Com onent.s ponents I olFF ll oTFF Ill DlFF IV OIFF V DlFF V\ DIFF 
·.027 .086 .056 ·.033 

.706 .820 
Aptitude DilI r ·.216 .026 

p·va\ue .139 .863 .Sol .667 

\ D\FF .187 -.009 .143 
.198 .962 .327 

·.067 .196 
.697 .178 

·.104 .046 -.260 .268 uolFF 
.478 .761 .072 .063 

lil DlFF -.053 
.717 

.473 .... ·.023 

.001 .876 

-.066 .6\4 .. 
IVDl:FF 

. 663 .000 

.131 
VDWF 

.369 
tt hi~\y significant 
-not significant 

Conclusions and 
Tb 

Recommendations 
e und Engineerin errepresenLati 

chosen carg and Mat.hema•· cn:,,!r women in Science 'fechnolo~• 
. eer path ( "1cs \i:) 1EM) 

' • i1 

0

1r 

~icnl.ifica\ly lJNESCO 
20 

courses and later on in t'.

1 

mequalicy in ~ t.echnologi.c!ill 1 ~ results in unia pped resources 

1

~ : 
~~iects. This stw can be trac!d 3J vanced world. This case of gen~ 
ar~ before anly explored I.he bac~ to how girls fare in srrBrJ·tcl

3

~
5 e'll>~s\antial ~~ a robotics ~t.tt.ude and altilude of girls t.o~~crC was ro:~ 

th
e dilicre~~ e!Iect.s on u::~a~. Resulls indicat.od t.h

8
\.~. 10 

a~tilude ! out I.hat t~omponenl.s of 11.rls. percoplion wwatds SS''I'~~~~- ,t 
gtr\s Utho Wards ntoth ere Wa'-' a . C girls' alllLude wwnrds • .,;,1' 

" en· ~'<I e . "' s, • .li . • • 0,~,,,. 

and gir\s' a l':1)' science mattes. Furtf' tcanl increase of LhPlr V I [)Ir 
1.ownrds l~1tude lo lessons h ermo-re, it was discOVCr<'d t,hO_ 11,1' 

engin . ward, nvo a • • • 
6

c1r 
l!t!r1ng. s l.echnol ~os,L1ve career interest 

111 

-
1
\,J•' ogy is highly correlutcd wiLh r1tll 

l 

I 
I 
\ 
I 
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F'or lh<' f urt.hcmnce of the study, it iA recommended t,hat a 
compamtive study bc•twecn a scicnc.-c·based curriculum high school and a 
regular high ~hoot will be mad('. Since tJ1c study wos conccnlraled on 
aludcnL~ with a highly positive aUH.ude Lowanls STEM, il would be 
rcoommcndoo to use the samo mclhod among students wiLh low or weak 
int.crest towards STEM. 

Moreover, researchers can look deeper into the relationship or the 
robotics program and the girls' ntt.itudc t.owards specific fields such as 
maLhomntics or physics. 
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