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Abstract

A STEM leaming model 15 believed 1o bef@ble 10 improve students” performance
n leammng physics significantly including Higher Order Thinking Skills (FIOTS).
These skills covered the capability to analyze, evaluate, and create which can be
boosted h:.' mrpt:rru:nn'ng i riﬁl‘l II:E]iJlE model, matenal, and assessment. Thas
study aims 1o develop and evaluate & combined HOTS-based assessment/STEM
leaming model 10 enhance students’ thinking skills. A proposed model was
designed by follow the seven steps of Borg & Gall research and development.
There are 24 24 eleventh geaders of SMAN 1 Kotabum ar North Lampung and 30
tenth graders of SMA YP Unila at Bandar Lampung wvolved n hmited and Held
tral, respectively. The mmpact of this model was evaluated by dennfying the
normalized average gun of pretest-posttest and significance test compared to a
EUI'I"."I."I'.I.“UI'.IHI ."_:n‘:M l'l'.HJldE]_ rI.w]'".' l'l.‘!l-'l..ll'! !l-huwtd 1]"!:31 l—".'HllIE UE- I:E.'F'EEIII'IIEH Lﬂl,
control, and companson of these two classes are 23.29, 13,58, and 4.63 (p<0.001),
respectively which confiom a better improvements of thinking skills performed by
proposed model.
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Introduction

Thinking skill 15 an mtegeated process to study and understand the leaming
material. The finking skills are divided into two, the first is lower order thinking
(LOT) which includes the ability to refffmber, understand, and apply; the second
is higher order thinking (HOT) which includes the abilflfj to analyze, evaluate, wnd
create (Anderson & Rrathwohl, 2001). Research by Bamett andffancis (2013)
showed that questions at the level of HOTS encousffii students to think deeply
about the learming matenal (Barmett & Francis, 2012), Development of science and
technology requires students to [fve a vasety of thinking skills,

[ reality, the thinking skills of Indonesian students were still low as the resulis
of the TIMSS (Trends m Intemational Mathematics and Science Study) and PISA
(Progeam for Intemational Student Assessment), especially n scence. The results
of TIMSS 2015 showed that Indonesian ranked 45th out of 48 countnes n
student’s science ].'Llcr.'rq.‘ with score of 37, Morover, the Hhﬂii}' to answer the
queshions using tables or graphics only reached 4 percent of the overall wue
answers, The same condition also occurred n the latest PISA in 2015, Indonesia
was ranked 69 out of 76 countnes i students’ science htctac!.' and 1t was stll low
compared to the average OECD score (OECD, 2015). This mnformation indicate
that HOTS of Indonesian students need to be tramned.

Higher order thinking 15 a process that involves mental operations such as
classification, mduction, deduction, and reasoning  (Sastrawan, Rusdi,
Syamsunzal, 2011). The basic principle to assess students’ HOTS is the ability 10
use tasks that require knowledpe and skills in new situations (Nitko & Brookhart,
2011). The assessment prnciple and standard rrnphﬂs-ii::' two main ideas Le the
assessment must increase ihﬂrnlﬂmmg and must be considered as a valualile
means o make leaming decision (Van de Walle, 2007), One of the techmques 1o
do thas IE!E using sefs of items that r.l:pl:m.l on the context and mvolve cotical
Efhking, problem solving, and creativity skills (McNeill, Gospefgi Xu, 2012).
According to the revised Bloom’s taxonomy, thinking skills were divided into six
levels, na.m-:ij.' MEmory, mmpn:h:minn., q:ph:lhnn, mlj.‘m or 5}.‘|1Il'u:-s:is,
evaluation, and creation (Svafa’ah & Handayam, 2015), In the case of HOTS,
Bloom’s taxonomy 15 used before the revision stage. It 15 used mn the :q':plicntinn.,
analysis, synthesis, evaluanon, and creanon stages (Guo et al., 2008; Zheng et al,,
2008}, The indicators to measure HOTS (Krathwohl, 2002} are described n whle
L.
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Table 1.
The Descrptvon of Indicators in Messuring HOTY
Indicators Dieseription
Analyzing a. Analvaing the mformation and dviding or arcanging the
mlormation into smaller parls 1o know its pallem or
correlation
b. knowing as well as differentiating causal factor and
effect of hard scenano
C. ]dﬂﬂl.‘il:}'l-ﬂgf fnnnu]ili:lg questions
Eraluating a, Giving an  assessmenl lowards solution, idea, and
methodology by using suitable cntena or the existing
standard 10 make sure its effecuveness score and
beneht.
b l"l.Inl:mg a h].rpulhcms, cohoiang, and do bestunge
C. Hu:(:':nng a statement based on the decsion catera
Creating n.  Making a generalizanon of an idea or pomnt ol view

towards something
b. Designing a way to solve the Fruhl:m
C. L‘.unrdimtmg elements or parts mio i new structure

which never existed before

HOTS 15 & thunking skill wluch needs not only remembenng alality but also
other higher nhi;lms mecluding analyeing, evaluating and creanng which can be
enhanced using STEM (Science, Technology, mcrﬂﬂg. and  Mathematics)
approach. The term STEM is introduced by NSF (National Science Foundation) of
the unmited states o 1990 it stands for “Science, Tl:chnulug}r, E.rlgl.nccml.g, de
Mathematics™ (Sanders, kwon, Park, & Lee, 2011). Becker & Padk (2011)
expluned that STEM was one of the teaching approaches which integrate some
disciplines such as scences, technology, and mathematics and encourape the
students to understand those helds. STEM can be dm*c-lr:ptd if 1t 15 correlated with
the environment which results from leaming from real-world expenenced by
students i their daly hfe (Subramaniam, Ahn, Fleschmann, & Daan, 20012). Tt
means that by using the STEM approach, students do not only memonze the
concept but also understand science concepts related to daly lifie.

Momison (2M6) explamed that a sudent who leamed by using STEM
approach would(1) be able to solve a puzzle problem, (2) have the knowledge 1o
conduct an mvestigation m solving a problem, (3] be able o deade the need and
be creative in designing solution to a problem, {4) be able 1o develop himself to
have esteem and work in certan tumes, (3) be able to thmk lomeally, (6) have ability
and able to develop 0 approprately{Mornson, 2006). All of those can happen due
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to the int-:gtnﬁnn of STEM 15 directhonal from ANy -|:|i5|:i[.'u|in:-5 that are used 1o
solve the problem i real hle (Sanders, 2009, Therefore, leammg through the
miegration of STEM can make the students more ready to work m the feld
{Brown, Bmﬂ Reardon, & Merdll, 2011} and can increase the interest and
achievement m the field of mathematics and sciences (Stwohlmann, Moore, &
Rochng, 201 2).

In addinon 1o the implementation of the nght learming approach, the use of
teaching matenals must conform in order that the thinking skills of students can be
trained. One of the teaching matenials to help training student's HOTS and as an
assessment that can be used to assist students in improving their high-level
thinking skills 1= a student wigksheet (knstanmgsih, Wijayan, & Sudamun, 2016).
Tus study amed to develop a combined HOTS-based assessment/STEM learning
madel and evaluate it impact to studenis’ thinking skills,

Methods
Research Model
This research was conducted in two phases of development and measurement. In
!]11: E[‘!'l P].'I.ﬂl:. W dl:"i'lf]ﬂpﬂ!. ﬂ'“.' Assesa el Ih[ lfﬂ.fl'.l.'iIlg "'l'].'l.'il.'h EUH!Ii!I“fL‘I L'li-
multiple choices and essay questions and the second phase we applied the
assessment (o measure student’s HOTS, The model was designed by following the
seven steps of some researcher” study and development scheme which consist of
(a} researcleng amd colleciing information, (1) panning, (c) developing an carly produt, (d)
dimeted try out, (€) revising early produd, (£ field try out, and (g) nevesong last produe,
Sample
The proposed learning model and mstruments were tested to students at SMA YP
Unala Bandar Lampung, The hmited tres out phase mvolved 24 eleventh graders
of SMA N 1 Kotabumi, North Lampung, Lampung. While the hield tries our phase
mvolved 30 tenth graders of SMA YP Unila Bandar Lampung, Lampung,

Data Collection Tools

In each mecting at the dm’dnpmml stage, students were grven STEM-based
II"."I'I.H'“.“H_ “'“h “"ﬂﬂk!&lﬂ'ﬂtfl. ﬂ.TII:E at Il'll:' Eﬂd ﬂf |::nrm'ng ﬂ'll:!f wWhore _E!!\Tﬂ SCHTIC
multiple-choice questions and a descapnion of the subject matter of pressure,
Pascal's Law, and the Law of Archimedes. The preliminary research data in the
phase of researching and collecting mfoomation were obtmned by using
gquestionnaire, The validaton of each question and the vahdanon of student's
waorksheel data were also obtuned vsing quesnonnaires, The data of reliabality and
students’ higher order thinking skill enhancements were obtmned by wsing HOTS
mstrument that had been developed in this research.
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Data Analysis (13 ]

The students answers were evaluated to measure their development of higher
order thinking skills i1 order to determne the effectiveness of the instrument as
assessment for learning to train student’s HO'TS, The last stage 15 to improve or
enhance the appropnate product validanion based on the resulis from beld try out
slige.

The content validity data were analyzed and interpreted qualitanvely 1o
determune the feasibility of develop products. Furthermore, the n:ljit].‘ lest was
EDI'I'L{'LIL"L'I'] %] I.{EFLTII.J'E lhl'.' Cl::lI'I.E.lEr-ll."l'll."_\' nf |.I|.'IE' EI:‘.'ifI'IIEI'.I. s rirment ltﬁﬂd as d.ﬂtﬂ
collecting ool The relability test was done by using Alpha Cronbach formula, The
analysis of product rehabality was done by using SP55 17 soltware which then
mi:rpr:l!::d I.'l:.' using a degree of rc].'mhﬂ.il:,.' evaluation ool ncn:urding to Guulford
(1956).

Analysis of students' high-order thinking skills was known from the pretest-
postiest score and the mean value nfgajn mnl:..'ﬁis.. Pretest-postiest score data for
each control class and expenmental class wefnalyzed vsing mnferential statistic
test with paired sample -test technique 1o see the improvement of smudents’ higher
order thinking skill. The students’ pretest-postiest scores were also analyred uang
descaptive statistics to calculate the gun values in each control and expenment
class, The gain value in the expenmental and control classes were analyzed vsing
i ferential stanstic through independent sample normal-test 1o see the comparison
of the hgher order thinking skill level of the students on both classes.

Results and Discussion

Instrument and Leaming Model Development

The research was conducted from mid-semester 1o the end of November 2016,
Then, the revised questons were tned out o measure student’s HOTS level, The
cxpert iudgrm:ui was done to know the \.':ljdil].' of queshon, and limited ry oul was
perfomed to know rehability, power balance, and the level of difficulty of the
questions. The result of question validity by validator revealed as much as 81 with
the valid crtenon. The results of the reliability of the test mstrument were .65 for
multiple chowces and (.71 for essay which indicated the high relability of
Instrument.

Reliability score of muluple choice tests was 0L65 which belongs 1o the hagh
category, and n:iinhi.].i,l:..' score of the essay test was .71 which hl:-lmugs fo hig]l
category R-table value lor this study is 0,345 By companng the e-table and r
crtical values, it 15 obtained a reliable result if c-crtical > r-table. The results of
difﬂi:ult]r level and power balance of mulllpl:-thuiu:: ueslion revealed djrﬂclﬂl}'
level from 15 questions tested; there were 1 difficult queston, 10 common

questions, and 4 easy questons. Meanwhile, for power balance, there were 7
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:lu:ﬁh'nnﬂ nct:'{:lad., [ cluts.l:inns wers Ml;-l:[ﬂ:d with revision, and 2 were ftil:ct:d_
Meanwhale, the results of the difficulty level and power balance of essay question
revealed 15 questons with the medium difhculty level. For power balance, there
was | question accepted, 10 questions were accepied with revision, and 4 questions
were rejected. Then, the revision of the questions was done resulting 13 muluple
choice questions and 10 essay questions which would be tned ow,

The validity of student’s worksheet score from expert judgment was 3.18 which
belongs 1o a good category and the desym score from the expert was 3.28 which
belongs to the excellent category, Besides that, based on the percentage of N-gan,
it was found that student’s STEM-based worksheet product which has been
developed effectively can be used in fluid stanc leaming, After trying owt, 1t would
reveal the last product that 1s student’s STEM-based worksheet which can be used
to train student’s HOTS on the fhud stane material. The worksheet is suitable to
be used in leaming to develop student’s HOTS,

Field try out was done n 4 meetings. In the hirst meeting, a pretest was done
hefore lr:amhg started to see students poor a'|:rﬂil:r'. Then, i the 1|:a1:|:u'ng,, a step, a
Pl‘ﬂ.l:‘tlll:'ln.l.ﬂ'l D-r !'I}"dl'ﬂﬁtltlc Pﬂ:!‘!-'uﬂ: Wias Ihl'“: IJ!." u:i.ng l'hl: df\':!ﬂpﬂd E-ILI'dI:I'!.l.‘S
STEM-based worksheet. The wse of student’'s worksheets intended to help
students w developng their HOTS dunng leaming. Some HOTS questons about
hvdrostatic pressure were given at the end of the leaming process. The ollowing
are some of the HOTS test items included in the worksheet,

Table 2.
Test Htems wath HOTS Indicators
Indicators HOTS Test Items
1 f}_‘ﬁ’
Anaying e y

s - - .

When you are e skating, you are weanng specially designed
shoes that have blades on the bottom parts of the shoes (see
LT 3}. You will be able to skate Il'lmugh we without the fear
of [alling. Have you ever considered why the we skaung shoes
are designed like that® Why do ice skaters could skate through
the ice without falling? Please write your arguments.
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[ .‘m:t!r'ng

The preture shows two handymen who are placing a window
using a water-filled hose, The purpose of using the hose 15 10
measure the height of the window, In your opimon, how could
i hose be used 1o help measuning the height of the windows [T
two types of iquid with different density are used, can it stll be
used 1o help 1o measure the height of the windowr Elaborae

}'I:I-lil.'l' ANSWCL.

The second meeting Pascal law practicum was done by vsing student’s STEM-
based worksheet product whach has been developed. Some HOTS multiple chowe
and essay questons about Pascal law were given at the end of the leanung process,
In the third meeting, Archimedes law practicum was done by using student’s
STEM-based worksheet product which hasheen developed. Same HOTS multiple
choice and essay questions about Archimedes law were prven at the end of the
leaming process. HOTjgfpulnple choices and essays questions were tested in the
STEM learming on the control class !ﬂdﬂ}lﬂpmmmw&m
using a conventonal STEM model and the experimental class using a combined

HOTS-based assessment/STEM leaming model. \ proposed model was presented
i Figure 1.
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A Comlbaned HOTS -Based Assesiment{ STEM Learning Moded S cheme
24

The development Ethe studfffs higher order thinking skills required the
appropnoate learning model and assessment. Figure 1 showed the [ramework
lﬂ-'stmcmm:::unﬁug to STEM-HOTS learning model as the integranon of
leanung science, technology, engineermg, and mathematicsfihis learming model
desigm was conducted i this rescarch. E unprovement of students’ higher-order
thinking skill was known through the gquasi-expenmental design technique i the
form of pretest-posttest with control group design.
Maodel Evaluation
A proposed learming model was evaluated by a sets of statistical judgment based on
pretest and posttest data. Figure 2 showed average of pretest and posttest score
between (a) control and (b) I.‘Ii’.ll.‘[l.l:l'.u.'nl.l-ll class. It showed an mprovement
cnrn{:ul:d o pretest result after 2 months expenment at the control class. each
student’s test reports improved (upward lines), and only | student who did not
IMprove (flat line). At the conirol class, it was found that the tf:nch.ing and 11::m.'i.'ng
process by using STEM can increase the score of student test results. This
indicated that the teaching and leaming process by STEM is effectove to mcrease
students understanding of the subject 15 prven n class
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Figure 2, B
The Boxe Piot Chart Between Pretest awd Posttest Resolts m (o) The Control Class and () The
Esgperimental Class

Figure 3{a) shows that the agreement of the pretest and the positest statically
showed that 95% of the posttest result occurred in a diagonal bine (5%). It showed
that there was an i.mpmw:rrl:nl from the postiest cnrn.p:q.n:d with the pretest. The
mean dhiference between postiest and pretest was 3250, Moreover, its standard
deviation was 1006992, and the maxmum difference was 50, The Pared t-test
obtaned t-value = 13.58 with p-value < 0.0001. It means that the test was very
significant and there was a sipnificant improvement store.

Figun: 3(b) show that the agreement Urpﬂ:ll:it and postiest showed that 10075
of the posttest result occurred n a diagonal line. It showed that there was an
improvement from the posttest compared to the pretest. At the experimental class,
it was found that the teaching and learming process by using STEM can mcrease
the score student’s test results. This indicated that the teaching and leaming
process by STEM 18 effective to increase the students understanding of the sulyject
15 given i class. The mean dilference between postiest and pretest was 39.05,
Moreover, it2 standard deviatnon was 7, 68, and the maximuom difference was 30,

The Patred 1-1est obtamed t-value = 23.29 wath p-value < 0,0001. [t means that the
test was very sigmibicant and there was a sigmficant :i'.mprmr':rn:nl.
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Figure 3.
The Apreement Between Prefest and Posttest in (a) The Control Class and (1) The
Esperinrenial Class

The flcmfsls conducted at the Emtli class and the control class for 2
months. Based on figure 4, the results of tus field test showed that the two gun
cistributions had different mcmxun:s and had unequal distnbutions. Moreover,
the gﬂn:d mean score m the utp::irn:ﬂhl class was 0.71, and the gain-:d ic s
score in the control class was 0,45, The difference rrEﬁ scores test showed in
Table 3 that the t-test = 4.63 wath p-value < 0,0001. 1t means that the guned score
of the e:paﬂnul class and the control class was significantly different and the
gacd score in the Eq:lm:irm:ﬂlﬂ dusw:luh@:uﬂlmin the control class.

A combined HOTS-based assessment/STEM learning modiis designed to teain
students level of thinking which composed by the ability 10 (1) transfer 2 concept
to the Efer. (2) process and apply informations, (3) find 4 relationship between
wleas, (4) use information to solve problems, and (3) explore idea and a concept
entically. This model is very important for leaming science because a pifjosed
maodel requires students applving their existing concept and experience in science,
technology, engineering, and mathematics together 1o solveffjpl problems in the
environment (Basham & Marino, 2013; Asghar et al., 2012; Becker & Park, 2011;
Meyrick, 2011; WargMoore, Roehrig, & Park, 2011). One of the things that is a
weakness in todays’ teaching and leaming actvities is the lack of relevance between
the concept of science acguired with personal expenences. Leaming science should
provide exphait expenence to students to engage tactically and kmmesthetically in
leanmung. Students” engagement 10 hands-on acuovities are able 10 cemember the
concept better than their peers who are not l:-.n.ylp‘td {ﬂnllr,trﬂlwait, 3]1“}
Moreover, this STEM I:anﬂng grves assigments to train the students’ nhilil'!.' 1o
wnte, calegonze, compare, and differentiate ideas and theones, and problem
solving i a complex situations. Students” HOTS can be increased signibicantly by
wvohving students in a challenging task which requires the use of their existing
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concept to be applied in new situations (Nitko & Brookhart, 2011; Lewis & South,
1993,

o
|

N
\] >
jj/

. ——
1, R =
________________ et AL |
Figure 4.,
The Distrabuiton of Crarn Chart

Based on thg result, it showed that STEM learning affected student leaming
improvement i the control class and the experimental class. Tt was because the
STEM learmng has been designed with student’s leasming tools that tran the
student’s HOTS, HOTS mean an ability to think in hijer order level which are
not merely recall, restafe, or reate, but also the ability to (1) teansfer one concept 1o
the ather, (2) process and apply information, (3) find a relationship from many
difference information, (4) v information to solve some problems, and (5)
explore dmnd mformation cotically. In line with Kaya & Aydin (2016), 18
expected to improve higher order thinking skills (HOTS) by developing
l:t:lrn.l.'rnu'l.ll:]l:l.'llun 11§ {.'!.HE-‘!- Il'.l]:l]llgl'l dl!l:usmun md Irmﬂll:m.ﬂ.ﬁ.l:i‘l] ﬂ:‘.'ﬁ"l'lt_'\'. T1'.|.|:|5E' e
perfomed to know the applicanon and the effects of saennfic commumicanon on
student’s HOTS. The mathemabcal commumication and discussion are :xp:c'tm:l b
be a base 1o develop student’s HOTS ability and its understanding,

STEM learming in the experimental class improved the leaming outcomes
better compared to the control class, It was because the STEM learnng in the
:IF::rinmnln.]: class was gmdl:& B. the lcami.ug assessment with the HOTS
questions instrament. The skill as [pative thinking, cetical analysis, problem-
solving, and visualization 15 part of Higher Order Thinking Skills (HOTS). The
skills nvolve the aluhty 10 caregonze, compare, ﬂ differentiated deas and
theones, ability to wate, and problem-solving abality, Higher order thinking skill 15
the process of thinking that occurs at a high level of the cogmtive process. The
Irasic p:in::ip]:: in ﬁluﬂ}‘irjg the nhi]jt}' L npplj.' higl‘mr-urdrr l]ﬁ:.'l.lvling 15 the use of
assignments which need knowledge and skills i a new sitvanon. Therelore, the
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student’s learming outcomes there are more optimal as the learing penod was

conducted by combuung the Jum:s.ﬂunl for learmng STEM with HOTS queshions,
Conclusion

Based on the results of this research, it can be concluded that the |r::-|n1:|.ng pn_u::.ﬂ

through STEM has an ellect of increasing the student’s performance test both in

the control class or the Elﬂnxnt:l.l class. In the leaming process through STEM,

the average ganed score n the expenmental class was betier than the average
gamed score m the control class. The STEM learmng process designed in thes
madel 15 effective to trun students’ HOTS effecuvely. This research recommend
teachers and educatonal practinoners to use a combmnaton r.-lm']:"'.."al learmng

appmnth with HOTS assessment as an  allernative strategy  to lanm‘w: the

students’ Ih.i.nici.ng skalls.
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