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Abstract 
The instrument of measuring test attributes must be valid and reliable. This study was carried out since the 
validity and reliability testing of the chemistry items used by the testee is necessary. This study aims to 
estimate the validity and determine the reliability of chemical test instruments oriented Next Generation 
Science Standards (NGSS). The research was conducted through a quantitative descriptive approach in 
two vocational schools of engineering program which had 130 testees. The instrument used was an 
NGSS-oriented chemistry test instrument containing 35 items and an expert validation questionnaire. The 
obtained test participant's response from the test instrument was collected through the documentation 
method. Item in NGSS test were presented to three subject matters experts. The validities used were the 
content validity and the construct validity. The reliability was tested through internal consistency and 
interrater consistency approaches. The results show that content validity (Aiken’s V) is at a range of 0.50 
to 1.00. The value of the unexplained variance is less than 10%, which means that it is well-categorized. 
This analysis is strengthened by CFA which has a goodness of fit and a good measurement model fit. The 
parameters used to test model fit are CFI, NFI, RMSEA and the value of loading factor. Some results 
values are over 0.90 and RMSEA is 0.00 and more than 0.3 of loading factor value on each item. All scales 
had alpha reliability more than the criteria of 0.70. Thus, the developed chemical test item were proven as 
valid and reliable instruments.   
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Introduction  

In the Government Regulation No. 32 
of 2013, it is written that learning process in 
the education unit is carried out interactively, 
inspiratively, pleasently, defiantly which moti-
vates students to participate actively, as well as 
providing sufficient space for initiative, crea-
tivity, and independence by following their 
talents, interests, physical and psychological 
development of students. Educators or teach-
ers are required to carry out the mandate of 
government regulation. The implementation 

of learning will be achieved based on the 
goals set if it is suitable for the students' tal-
ents and interests. Students from the Engi-
neering Program of vocational school will be 
less suitable if Business Economics subject is 
taught because it does not match with inter-
ests and expertise areas of students, likewise 
the Chemistry lessons that are applied at 
Vocational High School (VHS). The existence 
of chemistry subjects in the Engineering Skills 
Program can support the development of 
learners' competencies if the material is ad-
justed to the expertise area of students (Wena, 
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2009 in Banne, 2018, p. 45). If the chemistry 
is taught separately and it is not associated 
with productive subjects in the expertise area 
which is occupied, the chemistry subject will 
be irrelevant (Astuti, Sunarno, & Sudarisman, 
2016). 

Facts in the field from the results of 
questionnaire distribution in vocational stu-
dents showed as many as 76 % of students 
stated that chemistry was a difficult subject. 
The reason is that students are less interested 
in chemistry lessons because they consider 
that chemistry subject is not important for 
them (Lia & Isnaeni, 2018, p. 403). Chemistry 
as an adaptive subject in VHS is expected to 
be in accordance with productive material 
needs. One way to present chemistry subjects 
to be in accordance with productive material 
in learners' expertise area is through Next 
Generation Science Standards (NGSS) (Lia, 
2019, p. 113).  

NGSS provides the opportunity to in-
clude engineering in science (National Re-
search Council, 2013, p. xviii). One of the 
assessment challenges in NGSS is creating 
assignments that include the practical side of 
science and engineering (Damelin, 2017). 
NGSS offers a new standard combining con-
tent and practice in science and engineering 
(National Research Council, 2013). NGSS 
creates a new vision for science education 
based on the idea that science is a unity of 
knowledge and a set of practices related to 
developing knowledge (Penuel, Harris, & 
DeBarger, 2015, p. 45). This teaching and 
learning approach is built on decades of re-
search that identifies problems through learn-
ing in science classes and promising strategies 
to make learning to be more meaningful and 
effective for students (Reiser, 2013). 

NGSS-oriented chemistry learning had 
been successfully developed by Lia (2019). 
After the learning process has been imple-
mented, it is followed by an assessment activ-
ity. Assessment is an activity conducted to 
measure and assess the curriculum achieve-
ment level (Sudrajat, 2016, p. 1). Through as-
sessment, any lacks in learning can be iden-
tified and can be evaluated. 

The assessment instrument in meas-
uring the question attributes as students' eval-

uation material must be valid and reliable. 
Therefore, further research on the develop-
ment of the NGSS learning model, namely 
the preparation of chemical items needs to be 
conducted. The NGSS-oriented chemistry 
items developed provide breakthroughs to 
give students a more meaningful assessment. 
Assessment becomes more meaningful be-
cause it is associated with technical material 
by following the field occupied by students. 
Before carrying out the test, some practicums 
were oriented towards NGSS which made the 
chemical side more desirable (Lia, 2019, p. 
113). 

The NGSS-oriented chemistry question 
items must have two important requirements. 
Those are having a good validity and re-
liability level. Validity and reliability will be 
fulfilled if the questions have been arranged. 
Item analysis is analyzed in order to obtain 
the adequate quality of the question, and data 
processing and interpretation of the assess-
ment result (Kadir, 2015, p. 71). Reynolds, 
Livingston, and Willson (2010, p. 144) state 
that validity means the extent to which theo-
retical and empirical evidence supports the 
meaning and interpretation of test scores. In 
addition, Dewi and Sukadiyanto (2015, p. 230) 
explain that a valid test is a test that can 
measure accurately and thoroughly the symp-
toms which are to be measured). Reliability is 
test consistency (Bhakti, 2015; Khumaedi, 
2012). It means that a reliable test must have 
consistent results even if tested repeatedly at 
different times. It is in accordance with the 
theory explained by Reynolds et al. (2010, p. 
91) that reliability is the accuracy or stability 
of the assessment results. The measuring tools 
used by evaluators when carrying out evalu-
ation activities must have accuracy, consis-
tency, and stability so that the measurement 
results obtained can measure accurately 
(Amalia & Susilaningsih, 2014). A set of tests 
must have accuracy when it is used. It also 
should be consistent and stable in the sense 
that there is no change from one measure-
ment time to another (Utami, 2018, p. 5).  

This study aims to estimate the validity 
and determine the reliability of chemical test 
instruments oriented NGSS to measure the 
level of understanding of chemical material in 
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engineering. Research on the validity and 
reliability of the test instruments has been 
conducted by Mohamad, Sulaiman, Sern, and 
Salleh (2015), Kusaeri, Sutini, Suparto, and 
Wardah (2019), and Iskandar (2017). The dif-
ferences between previous and current re-
search are the analysis of the validity of the 
construct using the confirmatory factor 
analysis (CFA) modification and the Rasch 
model. It is expected that research on validity 
and reliability will increase knowledge in the 
field of teaching, especially in the evaluation 
of learning. 

Rasch model used in this study has 
several advantages which can identify the 
error response, predict missing data scores, 
distinguish the ability of respondents with the 
same raw score, and also identify any indi-
cations of guesses and cheaters (Sumintono & 
Widhiarso, 2015, pp. 44–45). These advan-
tages make the Rasch model more accurate 
(Lord in Nurcahyo, 2016). Rasch modeling 
can produce standard error measurement val-
ues which can improve the accuracy of calcu-
lations (Ardiyanti, 2016, p. 261). Sabekti and 
Khoirunnisa (2018, p. 69) confirm that the 
Rasch model is more recommended to be 
used in the development of test instruments. 

An assessment of the appropriateness 
of the item's display and/or content validity 
becomes the earlier steps. Assessments carried 
out by a panel of experts and chemistry teach-
ers are also included in the expert panel 
(Ismail, Permanasari, & Setiawan, 2016, p. 
239). Instruments that have been compiled 
and validated by experts are then validated 
empirically through trial instruments in small 
classes (Prabowo & Ristiani, 2011, p. 80). 

The high of agreement among experts 
who assess the feasibility of an item can be 
estimated and quantified. Then, the statistical 
calculation is used as an indicator of the item 
content validity and the test content validity. 
This study used an assessment procedure in 
measuring validity thorough a content validity 
coefficient (the content validity of the test 
with a V index) proposed by Aiken’s V. The 
construct validity was tested using CFA with 
the help of Lisrel 8.8 software. Proof of con-
struct validity used first order confirmatory 
factor analysis which calculated the estimated 

value of the item against its latent variable. 
According to Sitninjak and Sugiarto in 
Rusilowati (2014, p. 131), the validity of an 
observed variable can be seen from the factor 
loading of the variable against latent variable. 
Variables are labelled as good construct valid-
ity when the goodness of fit and the measure-
ment model fit are met. 

Method 

The study was conducted in two voca-
tional high schools in Engineering Program 
with a total of 130 testees. The instrument 
used was an NGSS-oriented chemical test in-
strument, amounting to 35 items and valida-
tion sheet. Based on the test instrument, the 
result of the test participants' answers was 
obtained and collected through the documen-
tation method. 

Three experts were assessing to obtain 
three sheets of questionnaire result. The valid-
ity was estimated by content validity, validity 
in large class trials, and construct validity. 
Then, the reliability was estimated through 
internal consistency and interrater consistency 
approaches. To analysis the content validity, 
the Aiken's V Formula was used. The con-
struct validity with CFA was used with the 
help of Lisrel 8.8 software. The internal con-
sistency reliability used in this study is the 
Spearman-Brown's formula in small class 
trials, whereas in large class trials, the Rasch 
alpha Cronbach model and interrater reliabil-
ity using three raters tested using two-way 
ANOVA with Ebel formula were used. 

Findings and Discussion 

Validity Test 

Content validity was estimated with 
Aiken’s V index. Items in NGSS test were 
presented to three experts to assess the com-
patibility of the material, construction, lan-
guage and compatibility with NGSS. The ex-
perts also filled out a questionnaire containing 
the conclusions of the experts' assessment of 
chemistry-oriented items in NGSS. Quanti-
tative data that present a summary of quanti-
tative expert agreement coefficient data are 
shown in Table 1. 
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Table 1. Coefficient Data of Expert Agreement 

Item Number Aiken’s V Index Criterion Conclusion 

1, 5, 6, 7, 8, 9, 11, 12, 14, 16, 17, 22, 23, 24, 
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35 

1.0 valid eligible 

2, 3, 4, 13, 15, 18 19, 20 0.8 not valid enough little revision 

21 0.7 not valid enough little revision 

10 0.5 not valid enough little revision 

 

 

 

 

 

 

 

Figure 1. Unidimensionality Test 

Based on the results of the data analysis 
in Table 1, 25 of 35 items are valid and 10 
items are not valid enough, which means that 
there are some revisions. Comparing to prev-
ious studies, the quality classification research 
items analyzed are better than the result of 
research by Hasnah (2017) in which only nine 
of 40 items are categorized well. 

Construct validity was proven by com-
bining the factor analysis of the Rasch model 
and CFA (using Lisrel 8.8 software). The first 
step to see the construct validity with the 
Rasch model is through Output Diagnosis 
Item Polarity (Hayati & Lailatussaadah, 2016, 
p. 173). All items have a positive Point Meas-
ure Correction (Pt. Mea- Corr). A total of 14 
items have strong or high correction num-
bers. One of the items (question number 5) 
has a moderate correlation number (0.57). It 
is in accordance with the opinion of Othman, 
Salleh, Hussein, and Wahid (2014, p. 117) that 
the high Pt. Mea Corr (0.68- 1.00) shows that a 
question item can distinguish respondents’ 
ability. 

The result of the correlation figures on 
Pt. Mea Corr is strengthened to the results of 
the unidimensionality test through the output 
table unidimensionality. The output table uni-
dimensionality is presented in Figure 1. 

The raw variance in Figure 1 shows a 
high number (73.2%). According to the opin-

ion of Hakiki, Fitri, and Agung (2018, p. 42), 
the results of the analysis which have a uni-
dimensionality requirement of more than 60 
% show special meaning. The instrument 
which is developed can measure what should 
be measured. Variance values that cannot be 
explained (unexplained variance) successively 
are 3.7; 3.0; 2.9; 2.5; and 2.2. It shows that the 
variances which cannot be explained by the 
instruments are all less than 10%. It indicates 
that the unidimensionality in the instruments 
falls into a good category (Wibisono, 2014, p. 
744). 

The construct validity test on Rasch is 
only for the response of the tested item, 
whereas to find out the covariance between 
the test items, the CFA model with the Lisrel 
or Amos or SPSS programs is needed. About 
specifying a model for a data set, the proce-
dures for CFA appear to be more advanced, 
simpler, and more user-friendly than those 
developed for Rasch (IRT). The CFA model 
can calculate an accurate estimate of the chi-
square size of the fit model and related de-
grees (Reise, Widaman, & Pugh, 1993, pp. 
554–563). Therefore, the researchers streng-
thened the construct validity test through the 
Lisrel program.  

Conceptually, to make a test across 
NGSS, three components should be recked, 
namely DCIs, SEs, and also CCs. DCIs are 
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very dependent on the material that will be 
made from the instrument. Then, SEPs and 
CCs are the characteristics of NGSS-oriented 
statistics. SEPs consist of six aspects with 15 
indicators. CCs consist of three aspects with 
14 indicators. The results of the NGSS in-
strument construct validity with CFA prove 
that the dimensions of CCs which consist of 
three aspects with 14 indicators are evidenced 
by the factor loading value and item compati-
bility parameters. The analysis of CCs compo-
nents consisting of three aspects and 14 indi-
cators is generated in a diagram presented in 
Figure 2. 

Analysis through CFA proved that CCs 
dimensions which consisted of three aspects 
with 14 indicators are evidenced by the value 
of loading factor and items that are com-
patible with the parameters. All factor load-
ing’s value shows that there are more than 0.3. 
Factor loadings which are less than 0.5 are 

removed (Arifin, Yusoff, & Naing, 2012). The 
parameters that are used to test model fit are 
CFI, NFI, and RMSEA. CFI and NFI are 
over 0.90 (CFI=0.92; NFI=0.90) and RMSEA 
is 0.00. It is compatible with the theory that 
the expected CFI and NFI values are above 
0.90 (Zehir, Akyuz, Eren, & Turhan, 2013, p. 
9). RMSEA is recommended to be under 0.05 
though acceptable up to 0.08 (Sohail & Jang, 
2017). In Rusilowati (2014, p. 134), it is stated 
that the compatibility of the model that is 
developed by empirical data at a minimum 
can be seen from three match sizes that re-
present the three categories of match test dif-
ferent models. When two of the three cate-
gories are significant, the model developed is 
compatible with the data. All model fits were 
acceptable and according to the literature, the 
validity of the measurements in the current 
study met the criteria. 

 
Figure 2. CCs Path Diagram 
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The validity of the large class trial phase 
was analyzed using the Rasch through the 
Output model, item fit order. The output is 
presented in Table 2. 

Table 2. Item Fit 

Item’s 
Number 

Outfit 

MNSQ ZSTD PT. Mea Corr 

1 2.11 3.9 0.68 
3 1.99 3.2 0.75 
6 1.47 1.7 0.75 
2 1.33 1.4 0.73 
7 1.33 1.7 0.75 
9 1.16 0.8 0.74 
12 1.08 0.5 0.80 
5 1.03 0.2 0.57 
8 0.94 -0.2 0.69 
10 0.80 -1.0 0.87 
4 0.81 -0.8 0.82 
14 0.77 -1.0 0.83 
13 0.56 -2.0 0.90 
15 0.59 -1.9 0.78 
11 0.48 -1.6 0.86 

 
The item fit information is useful for 

identifying the indications of misconception 
(Sumintono & Widhiarso, 2015, p. 77). In 
Table 2, based on MNSQ, ZSTD, and Pt. 
Mea Corr, it can be concluded that 15 items 
were classified as valid, but there is one item 
namely question number 1 which is indicated 
as a misconception. The MNSQ value is 2.11 
and the ZSTD is 3.9 which represents un-
expected data. The cause of outlier MNSQ 
and ZSTD values is from some testee’s an-
swers. Those are reversed between "the oxi-
dation-reduction reaction and the reason", but 
Pt. Mea Corr is still within the limit of more 
than 0.4 and less than 0.85. Therefore, 15 
items have been used to measure the quality 
of education because these questions have 

been analyzed. It is in accordance with the 
opinion of Pancoro (2011, p. 94) that test 
questions need to be first analyzed to have the 
same characteristics so that they can be used 
to measure the quality of education. 

Reliability Test 

The reliability test consists of (a) inter-
rater reliability, (b) small-scale trial reliability, 
and (c) large-class trial reliability. Based on 
Table 3, the values of the reliability of the 
tests are 0.17, 0.82, and 0.94. Inter-rater re-
liability (among experts) is very low, the re-
liability of small class trials is very high, and 
the reliability of large classes is special. A 
discussion of the three reliability tests is 
elaborated as follows. 

Inter-rater Reliability 

Inter-rater reliability is a preliminary 
part of a study (Dockrell et al., 2012, p. 633). 
Interrater reliability was calculated after cal-
culating the content validity among three val-
idators. Level agreement between three val-
idators can be explained through the reliability 
coefficient between rater (assessors) using 
two-way ANOVA-analysis with the Ebel for-
mula. Two-way ANOVA analysis through 
SPSS 16.0 is presented in Table 4. 

In Table 4, it can be explained that 
Rater is the assessor and Item is a matter of 
Items. The mean square value of Rater is 
0.495, the value of the item is 0159 and the 
interaction between Rater and Item (Rater * 
Item) is 0.132. These values are entered in the 
Ebel formula and produce a reliability 
coefficient of 0.17. The reliability coefficient 
of r value is less than 0.2. The reliability

Table 3. Reliability Data Analysis 

Trial Phase Reliability N of Items 

Expert (Expert Judgment) 0.17 35 
Small Class 0.82 25 
Big Class 0.94 15 

Table 4. Output Reliability of Two-Way ANOVA 

Source Mean Square 

Rater 0.495 
Item 0.159 

Rater*Item 0.132 
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among the assessors in assessing the contents 
of the instrument is still not consistent 
(Rusilowati, 2014, p. 29). When the reliability 
coefficient obtained is not high enough, there 
are inconsistencies among raters (Pinilih, 
Budiharti, & Ekawati, 2013, p. 25). The rea-
son for this inconsistency in this research is 
the difference in viewpoints in evaluating 
chemical test instruments. For example, ex-
pert 1 puts more emphasis on its chemical 
content while expert 3 is more inclined in 
evaluating the appearance and suitability of 
the answers. 

Small Class Trial Reliability 

Reliability using the Spearman-Brown 
formula was applied to small classes and 
searched using the Anastes Description appli-
cation. The reliability coefficient of small class 
tests based on Table 3 shows that the coef-
ficient number is 0.82. Figures for reliability 
coefficient is 0.8 r < 1.0, which indicates very 
high reliability. 

Big Class Trial Reliability 

In the big class stage, the reliability is 
seen with the help of Winstep 3.73 program. 
Reliability in the Rasch model is illustrated by 
the presence of a separation index. The sepa-
ration indexes reported are the item reliability 
and the person reliability which are supple-
mented by Cronbach Alpha KR-20 of relia-
bility coefficient figures. Those are three suc-
cessive coefficient numbers (0.91, 0.98 and 
0.94). All three of these figures indicate very 
high reliability. Separation reliability (item or 
person reliability) is categorized as high value 

because the study sample and grain difficulty 
level have a wide range and produce a small 
measurement error. Broad grain means that 
the item has a difficulty level from the easiest 
to the most difficult. Similarly, in the study 
sample, a broad sample means that the sample 
can spread from the smartest to the least 
clever (Linacre, 2016, p. 256). The output 
reliability can be seen in Table 5. In Table 5, 
in addition to the reliability coefficient, there 
is also important information related to the 
statistical summary of the test participant's 
overall response patterns, namely (a) INFIT 
MNSQ ZSTD, and OUTFIT MNSQ ZSTD, 
and (b) Separation. 

INFIT MNSQ ZSTD and OUTFIT MNSQ 
ZSTD 

The MNSQ INFIT and MNSQ OUT-
FIT values are 0.99 and 1.21, respectively for 
persons as well as 0.98 and 1.10 for MNSQ 
INFIT values and MNSQ OUTFIT items. It 
is categorized as having a good value because 
the ideal value is 1 (the closer to 1 the better). 
The value of INFIT ZSTD and OUTFIT val-
ues are 0.99 and 1.21, respectively for persons 
as well as 0.98 and 1.10 for MNSQ INFIT 
values and MNSQ OUTFIT items. It is also 
categorized as having a good value because 
the ideal value is 1 (the closer to 1 the better). 
The value of INFIT ZSTD and OUTFIT 
ZSTD in sequence person and item are 0.0, 
0.2, -0.1, 0.3. The ZSTD value is ideally 0.0, 
so that the ZSTD value including ideal except 
for the value of INFIT ZSTD in the item 
shows a negative value (not good). 

Table 5. Output Reliability of Rasch Model 

 Measured Person 
Infit Outfit 

MNSQ ZSTD MNSQ ZSTD 

Mean 0.99 0.0 1.21 0.2 
Separation 3.11 
Person Reliability 0.88 

 Measured Item 

 Infit Outfit 
 MNSQ ZSTD MNSQ ZSTD 

Mean 0.98 -0.1 1.18 0.3 
Separation 6.37 
Item Reliability 0.97 
KR-20 Test Reliability 0.94 
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Separation 

The greater the value of separation, the 
quality of the instrument in terms of overall 
respondents and grain is getting better. The 
separation value on the items developed is 
8.45 by entering the formula H that has been 
explained. Score 8.45 rounded up to 8, which 
means that eight groups of items can be 
interpreted as groups of varied items. 

Conclusion 

This test instrument has been proven 
for content validity, construct validity, inter-
rater reliability, and reliability with the Rasch 
model. The test instrument has fulfilled the 
content validity with expert judgment as evi-
denced by the acquisition of agreement index 
(Aiken index) ranging from 0.50 to 1.00. The 
lowest score (0.5) is caused by each value’s 
interconsistence. The raw variance value in 
the analysis of the Rasch model’s construct 
validity is 73.2% with a special category. Vari-
ance values that cannot be explained are less 
than 10%, consecutively 3.7; 3.0; 2.9; 2.5; 2.2 
indicating that unidimensionality in the instru-
ment is in a good category. The parameters 
used to test model fit are CFI, NFI, RMSEA, 
and the loading factor value. Some results val-
ues are over 0.90 (CFI=0.92; NFI=0.90) and 
RMSEA is 0.00, and more than 0.3 of loading 
factor value on each item which indicates that 
the variable has good validity to the construct. 
The test instrument increases the number of 
reliability coefficients at each step of the trial, 
i.e. 0.17, 0.82, and 0.94. The characteristics of 
the Rasch model items analyzed can reveal in-
terpretations in terms of items, personnel, and 
instruments. Thus, the chemistry test items 
developed are tested to be valid, reliable and 
have adequate characteristics. 
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