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Abstract

The purpose of this research was to develop arumsint that can be used to measure higher-ordekirigj
skills (HOTS) in mathematics instruction of highheol students. This research was conducted usstgralard
procedure of instrument development, from the dmwekent of conceptual definitions, development of
operational definitions, determination of consts,climensions, and indicators, to the preparatfdsiue prints,
item preparation, expert validation, and testingtaDresults from trials is analyzed using factoalgsis and
analysis of structural equation modeling (SEM). e Tdata-analysis shows that there are 9 factors HD&S
construct the instrument with good validity andadeility. This instrument classifies high schoolidénts into
five categories of HOTS ability. HOTS grouping rkésican be used by various interested instituttorsvaluate
the instruction of mathematics. These evaluatiorsuaed to determine the success of student leparid the
success of teachers' teaching.
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1.Introduction

In the Indonesian educational system, mathemagicsé of the subjects getting high attention antsiclered
very important. Recognizing the importance of matatics, whether in structuring thinking skills astdidents’
attitudes, as well as in using mathematics, theh&a’ role in improving the mathematics achievenatrevery
level of education should get high attention.

Along with many other fields, the study of mathewsis increasing in complexity. Therefore, the reathtics
that students need to learn today is not the sasnetat their parents and grandparents needed to. lea
According to the National Research Council (NRC0P0 All young Americans must learn to think
mathematically, and they must think mathematictdlyearn. These learning activities should als@pglied to
students learning mathematics in Indonesia.

Low skill levels in mathematical thinking may beusad by teacher’s lack of attention to such thiglskills.
Evidence for this can be seen in the PISA repegarding “mathematical literacy”, which is the \adnlie to
measure the students' thinking skills in mathersaieorster, 2004). The results of the PISA survep012
showed that Indonesian students rank& &4 of 65 countries. The scores achieved by tHenmesian students is
375, while 615, the highest score is obtained kystindents in Shanghai, China (OECD: 2012). Thé&\Pé¢port
shows that Indonesian students' thinking skillsn@thematics are currently very low. This fact abows that
the thinking skills of Indonesian students, esdicia mathematics, get less attention.

Human thinking skills can be classified into twdeggories; lower order thinking skills (LOTS) andyhér order
thinking skills (HOTS). According to Kinget al, the HOTS of a person will appear when encoumgeri
unfamiliar problems, uncertainties, questions, tendmas. Furthermore, according to Heoeg,al (2011),
HOTS is an important aspect of teaching and legrriiihinking skills practices are part of the genekills that
should be infused in all technical subjects. Stiglevith higher order thinking skills are able tare, improve
their performance, and reduce their weaknessegefine, teachers must be aware of the HOTS of mtade
studying mathematics, in order to perform well-éfied mathematics instruction.

The importance of the role of HOTS for the studdesisning mathematics can be seen in the Murrajysabout
the influence of the selection of materials on raathtics learning exercises conducted by the teasher
students’ HOTS (Murray, 2011), as well as reseawhthe use of the “Inquiry-Based Learning” model to
improve the students’ HOTS done by Rooney (2012addition, the development of an instrument tosoder
HOTS is important in learning because the assedsofelearning achievements is changing as worldwide
reforms, particularly in science education, promitte shift from traditional teaching for algorithenilower-
order thinking skills, to higher-order thinking Bki(Barak and Dori, 2009).

Therefore, it is necessary to conduct a researctiet@lop an instrument that can be used to medkere
students’ HOTS in mathematics instruction in sehigh school. In order to develop such an instrumea first
need to ask what are HOTS? What indicators thattoact HOTS?

According to Wang and Wang (2011), there are tlmaén components in HOTS, i.e. critical thinkinglkski
design thinking skills, and system thinking skilghile Miri et al (2007), states that HOTS consists of three
components, namely critical thinking skills, systgim thinking skills, and creative thinking skillBurthermore,
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according to Yee Mey Hongt al (2011), critical thinking skill and creative thing skill are two important
indicators of HOTS. Thus, there are at least tvdicators in HOTS, so that measurement of the ststBIOTS
can be conducted by observing their critical aretive thinking skills.

HOTS is a latent variable that can't be measuredcty. In order to measure the characteristicdatént
variables, according to Naga (2012), manifest Wdem can be used to be measured latent variables.
Measurement of manifest variables requires a stdimbal instrument. The problem now is how to prevah
instrument to allow teachers to measure studen®T &l

On the other hand, the limited knowledge and tiheedenior high school math teachers have to dexeiadid
and reliable instrument to measure students’ HOS#sld to these skills becoming overlooked, whicluim
leads to difficulty achieving the fundamental ohjexs in Mathematics instruction. Therefore, it ecassary to
develop a HOTS instrument for mathematics instauciin senior high school.

Operationally, this study aimed to: (1) generateittdicators of HOTS in mathematics in senior léghool, (2)
determine the validity of the HOTS instrument, #Bdetermine the reliability of the HOTS instrurhen

2.Method

This research was conducted in SMA Negeri 1 ManokWdest Papua Province. Development procedurbef t
HOTS instrument was done in eight primary stepsisiing of: theoretical review for building conteal
definitions, building operational definitions, dsifig constructs, dimensions, and indicators, cansirg
blueprints and items, analyzing readability andaatesirability, field testing, and data analydisvo field trials
were conducted, the first with 208 students, wittikesecond trial with 203 students.

The data analysis was performed twice accordinipeonumber of trials, using factor analysis. Thalgsis of
the first trial data aimed to select the items tegerved to continue in the second trial, whike rigsults of the
factor analysis of data in the second trial wendgsmed using the structural equation modeling (SEM

There are several requirements in factor analygsyely: (1) the correlation between the variab(@3,the
adequacy of the sample size by using Kaiser-Meykin@QKMO) formula, (3) test whether the observeatalis
a sample from a multivariate normal population rifisttion by using the Bartlett test of spherigy’) and (4)
examine the Anti-image correlation (AIC) with theterion measure of sampling adequacy (MSA).50.

The first stage in the analysis of factors accaydim Bryman and Cramer (2005), is to calculatecthieelation
between variables. If the observed variables atesigmificant, it is not possible formation of ooe more
factors. According to Widarjono (2012), factombysis cannot be used if the vaIue)(&fhas a probability (sig)
is greater than 0.05. Furthermore, Santoso (2Gia)es that the MSA item smaller than 0.50 releasedby
one from the models ranging from the smallest,h® mext item remaining factors analyzed again uaitil
remaining items meet the existing requirements.

The results of the factor analysis using IBM SP$8iSics program was a linear model combining itbms
identified. The model obtained is then analyzed biyngithe SEM analysis (Lisrel 8.8 program) in ortter
conduct Second Order Confirmatory Factor Analysitirtg. At this stage, three tests were performedyety:
(1) the suitability of the data with the model, (B¢ validity and reliability of the model, and B} significance
of the coefficients of the structural model. Hatrad. (1998), as cited by Wijanto (2008), stateat tthe
evaluation of the model can be conducted usingadivarodel fit, measurement model fit, and strudtumadel
fit.

The suitability of the whole models was tested gsiaveral measures, as proposed by Wijanto (2@08)ng
others: Normed Fit Index, (2) Non-Normed Fit IndéX) Parsimony Normed Fit Index, (4) Comparative Fi
Index, (5) Incremental Fit Index, (6) Relative Fitlex, (7) Goodness of Fit Index, (8) Adjusted Goess of Fit
Index, (9) Parsimony Goodness of Fit Index, (10pRdean Square Residual, and (11) Root Mean Sdtraoe
of Approximation.

After the match the model and the data are men, thecording to Wijanto (2008), to test the meamenat
model fit with an evaluation of each constructquasate measurement models through evaluation ofahity
and reliability. Reliability measurements were penied using Construct Reliability (CR) and Variance
Extracted (VE). A construct is considered relialvleen every indicator has a value of ER.70, and the value
of VE > 0.50.

3. Result

Based on the expert opinions, some improvementiseo$tructure and content of the instruments thaetbeen
prepared were made prior to the second trial? &égtatistical values generated in the first antbed trials,
are presented in Tablel.
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Table 1. Some Statistics on Trial | and Trial Il

No Statistics Trial | Trial Il

1 KMO 0,772 0,798

2 Chi-Square of Bartlett Test 4397,738 3283,242
3 MSA 0,542 - 0,878 0,657 — 0,897
4 Number of factor 9 9

5 Total Variance Explained 84,230% 78,101%
6 Normed Fit Index 0,91 0,86

7 Non-Normed Fit Index 0,96 0,90

8 Parsimony Normed Fit Index 0,82 0,77

9 Comparative Fit Index 0,96 0,91

10 Incremental Fit Index 0,96 0,91

11 Relative Fit Index 0,90 0,84

12 Goodness of Fit Index 0,85 0,77

13 Adjusted Goodness of Fit Index 0,82 0,72

14 Parsimony Goodness of Fit Index 0,71 0,64

15 Root Mean Square Residual 1,12 0,54

16 Root Mean Square Error of Approximation 0,051 ,089

17 Standardized Loading Factor 0,71 —-1,93 0,246
18 Construct Reliability 0,80 - 0,97 0,79 - 0,95
19 Variance Extracted 0,57-0,78 0,57 -0,77
20 t-value 2,18 — 37,02 1,77 -19,53

Table 1 shows that all 20 values in the first dreldecond test statistic are relatively equival€né conclusions
based on the values were also not statisticalfgmdint. The statistical value of the first thirdyIi©, Chi-Square
Test of Bartlett, and MSA in the second test gisase result, so the factor or the formation ofdaainalysis
can be performed.

The further results of the factor analysis in thlahbtrial also showed similar result. The numberfasftors

yielded by the analysis of each trial are the samamely 9 factors, and each analysis explains ad@ut of the

total variance. The results of analysis by using/Si#fso shows that the results did not differ betwdee two

experiments performed.

4. Discussion

The results of research showed that the HOTS im&tnti has good validity and reliability, and hercerovides

a good measure of high school students’ HOTS imleg mathematics. The diversity of the studentsrkv
provide evidence for this. For example, considerftilowing questions:

In accordance with Governor Jokowi's program, aeatin Rawamangun, Jakarta will be
built as an open green park.
If the planned park area of 400 square meters, thestribe the area

The answers given by the students involved in te=arch are quite varied. The diversity of the oasps

indicates that the instrument can be used to measber students' HOTS ability well. Some exampleshef
students’ answers are presented below:
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Figure 1. Some Samples of Student’'s Answer
The answer in Figure la shows that students doesmierstand the purpose of the question. The Stuues
sketched the garden square shaped, but the praoblaot answered properly. The Student has triedite an
answer, but the answer is wrong. The lack of batmerical values and units both call into questiba t
student’s understanding of the problem.
The answer in Figure 1b indicates that the stubastunderstood the question is asking for a skafttie park;
however the student has not arrived at numeridalegato correctly determine the area of the parkegsested
in the question.
In Figure 1c, it appears that the student has sitoled the intention of the question. The studeassdstablished
units to determine area as required, but did neti§pthe length or width of each side.
The next student, whose work is presented in Fidutea perfect answer. The student's work showsithat
addition to sketching the park properly, the studexs also correctly set units to determine tha afghe park.
Compared to the previous students, this studemssvar is more correct because it provides numhmrshe
length and width of each side, obtained by usisgexific calculation.
The variety of the answers given by students sttbevariety of students' thinking skills, as wedlthe variance
of the sample. This is in accordance with the apirof Tanujaya (2013), which suggests that theetsaof data
in statistics is an important factor in the anaysf research data, both in estimation and testfigopulation
parameters.
In addition to the variety of the sample-data, &iddal factors aid in developing an effective HOnStruments:
First, this HOTS instrument is based on standactteuiures that have been put forward by various rexjod
measurement. According to Azwar (2012), when théndien of an attribute being measured is poorly
understood, its measurement may be overlapped oflated with other attribute. Conversely, when the
definition is well-understood, the resulting instemhis comprehensive enough to reveal the desitedues.
Second, after the draft was formed, the instrumeas validated by domain experts based in Jakart an
Bandung, as well as Manokwari, West Papua. In mgdito technical improvements to the substance of
mathematics, experts also provide advice aboulathguage and content of the material. Topics oivdives
and exponentials were removed from the instrunfmtause the subject has not been studied by thesbigol
students of class XI Science Department. Excessileglg story problems were also eliminated dueirtmet
restriction. Culturally-based items, such as qoestiabout the mathematics of the Olympics, were als
eliminated. All criticisms and suggestions put fard by the experts were considered. Expert opimaa an
important component in the development of the imant. This is in accordance with the discussiomram
various experts of measurement, which always ireckxpert domain opinion as an important step itringent
development.
Based on the results of the factor analysis, asdhetrlier there are nine factors that are formerh fthe 27
indicators analyzed by the HOTS constituent inseniThe nine factors describe cognitive activityich goes
over and beyond both knowing (knowledge) and undeding (comprehension). HOTS is a cognitive aftivi
that is more than just memorizing and understandihgs is in accordance with the opinions expressedohar
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(2004), who states that the knowing and understandognitive activities are grouped into low-leteinking
skills (lower-order thinking, e.g. LOTS), while H@Tis a high-level cognitive activity in the Blooaxbnomy-
based analysis of activity, requiring synthesis armtivity.

Some examples of HOTS cognitive abilities are di@ssby Zohar (2004), among others: preparing arguis)
asking research questions, making comparisons,ngolegomplex, non-algorithmic problems, dealing with
controversy, and identifying hidden assumptionssiientific research skills, such as formulatiggotheses,
planning experiments or drawing conclusions, ase alassified as HOTS. The examples presented barZo
conform well to the HOTS indicators from the constht instrument proposed in this study.

5.Conclusion

Based on the results of research and discussi@emed here, the proposed HOTS instruments caisditto
measure HOTS of high school students in mathemaitsuction, because the instrument has good ityakohd
reliability. The instrument consists of nine iter&sery item that is used is representative of éactor, namely:
the use of the concept, the use of the principipaict predicting, problem solving, decision makiwgrking in
the limit of competence, trying new things, divargthinking, and imaginative thinking.

This instrument still needs to be developed by cetidg the test on students with different chanasties from
the students of SMA Negeri 1 Manokwari. Tests viitbader samples will be required in order to haighdr
rate of external validity.
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