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Introduction 

 
Individuals should have problem-solving skills to face the 21st century in order to be able to 

compete globally. Kennedy et al. (2016) stated the basic skills needed by educators related to 21st 

century skills are critical thinking, problem-solving, collaborative learning, and having the ability to 

use technology. Dogru (2008), Nurita et al. (2017), and Temel (2015) stated that helping students to 

develop problem-solving skills is the main target in training preservice science teachers. 

Problem-solving skills acquired by preservice teachers become one of the success factors in effective 

instruction and to improve students’ problem-solving skills as well. Teachers with good problem-

solving skills are able to manage effective instruction and improve students’ learning achievements 

(Adeyemo et al., 2013), they are able to improve students’ problem-solving skills (Mauke & Sadia, 

2013), to nurture students constructing their knowledge and to take part in its acquiring process 

Karatas & Baki (2013), and to encourage them applying their knowledge in creative ways and to 

develop a deep understanding (Crebert et al., 2011). The teaching having no problem-solving skills 

would not be able to improve those skills to their own students (Solso et al., 2010). In the end, the 

students would not have sufficient ability to solve complex problems in their daily lives (Ulger, 2018).  

ABSTRACT 

Assessment of problem-solving skills for preservice teachers is important in science 

instruction. The purpose of this study is to discover; (a) How are the characteristics of the 

Problem-Solving Essay Test Instrument (PSETI); (b) How is the validity based on experts 

assessment; (c) how are the validity and reliability based on trials. The research method is 

research and development. The study covers three stages, those are (1) planning the test, 

(2) trying out the test, (3) determining the validity, and the reliability. The sample of this 

study was 80 preservice elementary school teachers of basic science concepts. The PSETI 

is in the form of an essay test, consisting of 19 items. The essay test contains ethnoscience 

problems. Content validity based on the Aiken index is 0.84 with a good validity level. 

The results of the development of the PSETI instrument show 19 items met the validity 

and reliability of the 21 items/ compiled. The PSETI is an essay test with the scoring 

which is using a partial credit model based on the three categories in the polytomous 

data. Instrument reliability was 0.77 and it was concluded that the instruments were good 

to measure problem-solving skills of preservice teachers in science learning context 

ethnoscience. 
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Problem-solving skills should be taught in an instructional process (Mukhopadhyay, 2013). The 

problems discussed should be closely related to daily lives. It is intended to prepare the students to be 

able to solve not only structured problems but also unstructured, complex, and various ones (Dixon & 

Brown, 2012). The students must have the ability to identify and understand the pattern between 

problems and to select the best way a solution to solve them (Bahtiyar & Can, 2016). However, 

teaching at the higher education level is not optimum yet to improve problem-solving skills. Studies 

related to problems solving skills of university students showed that their skills were still in the lower 

category (Busyairi & Sinaga 2015; Purwandari & Yusro, 2018; Sutarno et al., 2017; Yusuf & 

Widyaningsih, 2018). Low problem-solving skills were caused by a lack of knowledge, motivational, 

and emotional aspects (Dostal, 2015) and the use of an instructional model was highly influential to 

problem-solving abilities (Davis et al., 2019). 

Problem-solving is defined as cognitive skills used to solve problems related to real-life 

(OECD, 2003) in a new, creative, systematic, and analytic way (Bahtiyar & Can, 2016). Experience, 

knowledge, and intuition applied simultaneously to a problem as a result of creative thinking that can 

be quickly and effectively used in problem-solving are seen as problem-solving abilities (Ardichvili et 

al., 2003). Problem-solving skills were connected to critical, analytical thinking, and creating 

productively which involves quantitative, communicative ability, and the ability to respond critically 

(Chang, 2010). Polya (1945) as quoted by Selcuk et al. (2008) explained that problem-solving consisted 

of four solution phases are the following: (1) to understand the problem that students would not be 

able to solve problems correctly if they do not understand the given problems; (2) to plan the solution, 

this phase was very dependent to the students’ experience in problem-solving. The more experiences 

they had, the more creative they were to plan the problem-solving; (3) to solve the problem, it was the 

appropriateness of the planning stage after it was constructed. Then, the execution of problem-solving 

was done based on the mentioned planning; (4) to conduct a recheck phase. It was done by re-

evaluation of what had been done from the phase 1 to phase 3.  

  Teaching science to improve problem-solving skills by providing realistic problems could 

arouse challenges in university students and motivate them to get involved in a problem-solving 

process (Ulger, 2018). Thus, presented problems must be related to daily lives (Heller & Heller, 2010; 

Jonassen, 2011). Problems introduced to educate students are structured, unstructured, complex, and 

diverse (Dixon & Brown, 2012). Aksoy (2005) suggested a science instruction based on the discovery 

scientific process by the method of asking, presenting, applying, and transforming scientific 

knowledge (Sternberg, 2003). To initiate creativity and problem-solving with discovery learning, 

teachers could ask students to conduct an independent research or get involved in the training of 

students’ divergent thinking by scientific process skills. The students are encouraged to develop 

interesting and diverse science subjects, to have scientific observation, classifying, asking scientific 

research questions, forming hypothesis, planning testing and scientific measurement, utilizing 

instruments, and drawing conclusion from empirical data (Cheng, 2011). Science learning in the 

context of ethnoscience is thought to improve problem-solving skills (Sumarni & Kadarwati, 2020). 

Ethnoscience is part of knowledge related to things and natural phenomena which is organized in 

societal science and is produced by certain cultures (Aboyi, 2002) in the fields of agriculture, 

astronomy, medical practices, mathematic, technique, architect, military science, and ecology (Snively 

& Corsiglia, 2011). The teaching approach connecting scientific concepts with societal native 

knowledge produced by certain cultures and students understand natural phenomena they 

experienced in their lives is defines as ethnoscience approach (Joseph, 2010; Snively & Corsiglia, 2011). 

The results of science instruction in ethnoscience context showed that it increased university students’ 

positive attitude toward science and it developed their creative thinking in a learning environment 

(Şener et al., 2015; Kutlu & Gökdere, 2015), it improved creative thinking (Piirto, 2011), chemistry 

literacy (Sumarni, 2018), character and science literacy (Sarwi & Subali, 2020), problem-solving 

(Supriyadi et al., 2016; Novia & Kamaluddin, 2015) creative and critical thinking (Sumarni & 

Kadarwati, 2020). 
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The role of assessment to measure problem-solving skills is crucial to predict preservice 

science teachers' accomplishment levels (Kourmousi et al., 2016). There were differences among 

experts on how to measure problem-solving skills. Istiyono et al. (2019), Suprapto et al. (2020), and 

Istiyono et al. (2020) developed instruments in the form of multiple choices to measure the skills. 

Greiff et al., (2015) and Risnita & Bashori (2020) used multiple complex systems essay tests to measure 

problem-solving skills. Multiple complex systems related independent items to a complex problem. 

The test of problem-solving skills developed by Butterworth & Thwaites (2013) and Suratno et al. 

(2020) was grounded on four indicators of problem-solving as the following: (1) to combine skills and 

to use imagination, (2) to develop a model, (3) to conduct an investigation, and (4) to analyze the data 

and to draw conclusions. Some of the assessments to problem-solving conducted by Jonassen (2011) 

and Rokhmat et al. (2020) were problem schema, analogy, causal, and argumentation. In this study, the 

essay test instrument was chosen to measure problem-solving skills are complex and comprehensive 

cognitive processes in solving problems so that multiple-choice tests do not measure well (Henderson 

et al., 2001; Kastner & Stang, 2011). The test essay instrument is appropriate for measuring problem-

solving because it is able to reveal the thought process in solving problems (Haladyna & Rodriguez, 

2013; Aristiawan & Istiyono, 2020). The weakness of the test essay is that the objectivity of assessing 

the test results decreases with the concentration level of the rater (Reiner et al., 2002), require more 

time to score (Popham, 2009), and it is especially difficult to score essay test responses reliably 

(Tuckman, 1993). 

Instruments used in the assessment must have certain requisites to be appropriate to be 

utilized, those are validity and reliability (Mardhapi, 2012). Lissitz & Samuelsen (2007) state that a 

learning outcome validity test encompasses content and construct validity. Content validity measures 

the appropriateness of items with intended psychological constructs. Content validity is determined 

by an agreement among experts in the field of the study (Retnawati, 2016). To find out the level of 

expert agreement, the index proposed by Aiken (1985) as quoted by Retnawati (2016) can be used. The 

construct validity in this study used IRT (Item Response Theory). Items analysis used IRT based on 

one parameter grounded on difficulty level (symbolized as β or b) and it is called as one Parameter 

Logistic (1-PL) or viewed as RM model (Rasch Model) (Subali, 2012). Composed research instruments 

were essay tests with varied answers (polytomous) that could be analyzed by a Partial Credit Model 

(PCM) (Retnawati, 2014). Partial Credit Model (PCM) is a theory of polytomous item responses used 

to evaluate both test characteristics and test-takers’ ability with an assumption that discriminate 

power in each item is equal and there is no need of sorting the difficulty level in each stage (Wetzel & 

Carstensen, 2014). 

 Teachers who have problem-solving skills can develop thinking skills for their students. 

Conversely, teachers who have low problem-solving skills will fail to develop the thinking skills of 

their students. Learning science in the context of ethnoscience can develop problem-solving skills. 

Prospective teachers who choose the measurement of problem-solving skills of prospective teachers 

need to be carried out in an effort to produce professional teachers. The instrument to measure 

problem-solving skills was developed by previous researchers in the form of an essay test. The 

advantages of the essay test are able to reveal higher-order thinking skills in the form of problem-

solving skills. The novelty of this research is a problem-solving instrument in the form of an essay test 

in learning science in the context of ethnoscience. The contribution of this research is to provide an 

assessment of the problem-solving skills of prospective teachers in science learning in the context of 

ethnoscience. This study aims get a valid test instrument Problem-solving Essay Test Instrument 

(PSETI). This  research consequently  addresses   the  questions:: (a) How are the characteristics of the 

Problem-solving Essay Test Instrument (PSETI); (b) How is the validity based on experts assessment; 

(c) how are the validity and reliability based on trials. 
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Methods 

 
The research method is research and development. The final product of the research was the 

instrument to measure the problem-solving skill in science learning context ethnoscience for 

preservice science teachers. The instruments for assessing the problem-solving skills were 

implemented from the results of Oriondo & Dallo-Antonio (1998) that covers three stages, those are (1) 

planning test, (2) trying out the test, (3) determining the validity, and the reliability. 

  

Figure 1 

 Research Step 

 

Planning the Test 

Planning the test means deciding the objectives, the test materials, writing the test grid, 

writing the item of the test, arranging the scoring guideline, validating the test item, and revising the 

test item. The objective of the test was to measure the students’ problem-solving skills in the context of 

ethnoscience. The test topics discussed were concepts of science with the subject area (1) quantity and 

unit, (2) matter, (3) temperature and heat, (4) living things, (5) living things and their environment, 

and (6) animals that displayed in an essay test. The test was equipped with a grid that presented in 

tables and contains some information such as materials, indicators of problem-solving skills, and 

indicators of items. In this research, scoring guidelines were using the analytical rubric scoring. 

Content validation was carried out by experts using the Aiken index  (Retnawati,2016). Aiken Index V 

with a value between 0-1 was an agreement index based on experts’ assessment of the appropriateness 

of the items to measured psychological construct and the item was valid if the coefficient validity is 

more than 0.8 (Retnawati, 2016). The formula to calculate the Aiken index is as the following: 

𝑉 =∑(𝑟𝑖−𝑙𝑜)/[𝑛(𝑐−1)] …..(1) 

Explanation: 

r = value given by assessors 

lo = the lowest validity value 

c = the highest validity value 

n = the number of experts conducting the research 

i = the number of months from 1 

n = the number of assessors 

 

Trying Out the Test 

The try-out of the test was done with a sample of this research which consisted of 80 presevice 

teachers from two universities with the same curriculum. The sampling technique using purposive. 

Sampling is based on the location of residence where there are many ethnoscience concepts that are 

used as learning resources. The sample number in the try-out was based on Bond & Fox (2007) that 

stated the number of participants in analysis using IRT was started from 30 to 300 participants.  

 

 

determining the 
validity, and the 

reliability 
trying out the test planning the test 
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Determining the Validity and Reliability 

The data of the try-out results were applied to prove the assumptions that underlie the item 

response theory that was one-dimensional, local independence, and parameter invariance. After the 

assumptions were completed, then the analysis of the items to find out the quality and parameters of 

the items could be finished. The item of the test has good quality if the range of mean square is 0.77 to 

1.30 and the range of difficulty level was -2 to 2 (Hambleton et al., 1991). The QUEST program 

presented reliability values from a test item. The internal consistency index value on QUEST output 

for polytomous scoring is Cronbach alpha (Subali & Suyata, 2012). Internal consistency in the QUEST 

program as a measure of the reliability of the test instrument. Guilfod (1956) as quoted by (Arikunto, 

2016) stated that instrument reliability level of 0.80 < r < 1.00 was categorized as very high reliability. 

The value of 0.60 < r < 0.80 was categorized as high reliability. The value of 0.40 < r < 0.60 was 

categorized as medium reliability and the value of 0.20 < r < 0.40 was categorized as low reliability. 

The score of -1.00 < r < 0.20 was categorized as very low reliability (not reliable 

Findings and Discussion  

 

Planning the Test  

The test planning was to study the curriculum of an elementary school teacher study program 

at four universities in Central Java and to conduct an ethnoscience study in the context of basic science 

concepts. The purpose of the study of learning outcomes is to determine the competencies, to assess 

the curriculum and integrity between science concepts, ethnoscience, and instructional 

accomplishment. The results of the study on the relationship between science and ethnoscience were 

presented in table 1. 

 

Table 1 

The Relationship between Science Basic Concepts and Ethnoscience  

No. The Study of Science Basic Concepts  Javanese Society Ethnoscience on the Making of 

Cirebon Shrimp Paste, the Process of Cilacap Fish 

Smoking, and the Cultivation of Sidoarjo Milkfish 

1  The magnitude of mass, length, time, and 

temperature and their measurement units 

 The measurement of mass, length, time, and 

temperature 

 

 Composition of brown sugar, acetes, and salt 

with the ratio of 100 kilograms of acetes, 100 kg 

of brown sugar, and 20 kilograms of salt to 

make shrimp paste 

 The process of a fish pond making with the 

measurement of 2.5 meters width and 0.5 meters 

height 

 The smoking of stingrays in the temperature of 

70- 100 oC 

 The time of the fish smoking is 60 minutes using 

heat smoking heat 

 The time to dry acetes is a half-day (non-

standardized measurement) 

 The time for fermentation is one week/ 7 days 

 The amount of fertilizer to a new fish pond is 

one handheld of an adult person (non-

standardized measurement) 

 Milkfish seeds called ‚nener‛ are cultivated by 

pond fish farmers to the size of ‚glondongan‛ 

(non-standardized measurement) 
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2  Elements, compounds, mixtures, chemical properties, 

physical properties, physical, and chemical changes 

 The ingredients to make paste shrimp are salt 

which is a compound (NaCl), brown/ Javanese 

sugar contains much sucrose (C6H22O11). Those 

the ingredients for making shrimp paste are 

salt which is a compound (NaCl), brown sugar 

/ Java contains a lot of sucrose (C6H22O11). The 

constituent elements of those compounds 

could be elaborated. 

 The use of salt before the stingrays smoking 

 Shrimp paste is a mixture 

 The physical properties of shrimp paste, 

salt, and brown sugar 

 Chemical changes to acetes in the making 

process 

 Chemical changes to stingrays 

3  Temperature and measurement 

 Heat transfer 

 The effect of temperature and heat changes on an 

object 

 

 The temperature of fish smoking used by farmers 

of smoked stingrays using wood fuel or coconut 

shells 

 There is conductive heat transfer in the smoking 

process using live coals.  

 The drying process of acetes and stingrays using 

sunlight is a heat transfer process through 

radiation. 

4  The concept of alkaline and its characteristics 

 The concept of salt and its characteristics 

 

 The use of salt in the fishes to be processed by 

smoking and salt to make paste shrimp 

 The use of fertilizer containing the characteristic of 

alkaline in the opening of a new fishpond 

5  Abiotic and biotic 

 Food chain 

 Food webs 

 The food pyramid 

 Predation 

 ‚Klekap‛ is a natural feeding which is bred by the 

farmers. Klekap is the mixture of mosses and 

organism decomposition on the fishpond. 

 Phytoplankton is natural feeding which growth is 

attempted in the fishpond location by the farmers. 

 Moses are natural feeding which growth is 

attempted in the fishpond location by the farmers. 

 Milkfishes are living things chosen by fishpond 

farmers as farm animals to gain economical profit 

 Brackish water is the blend of sea and 

underground water used as a medium to live by 

milkfishes. 

 The food chain of milkfishes and 

phytoplankton/ klekap 

 

 The relationship between the basic concepts of science and ethnoscience became the basis for 

the preparation of test instruments in science learning in the context of ethnoscience. The 

characteristics of the test instrument developed in this study are to present questions in the context of 

the science concept and problems of local wisdom in the community. In addition, the test instrument 

measures problem-solving skills based on Polya's (1945) as quoted by Selcuk et al. (2008) theory of 

problem-solving consisting of recognizing problems, planning and implementing problem solutions, 

and evaluating. The test instrument construction stage was conducted by creating the items and by 

creating test results scoring guidance.  

 

 

 

 

 



Winarto, Sarwi , Cahyono & Sumarni, 2022 

43 

  

Table 2 

 Problem-Solving Skills Instrument 

Problem-

solving Skills 

Dimension 

Indicator Question of Problem-solving 

 

Item 

Number 

1. To identify 

the 

problem 

 

The students are able to write science concepts observed in the problem of Sidoarjo milkfish 

fishponds pollution, the making of Cirebon shrimp paste, and the Cilacap stingrays 

smoking. 

 

1a,2a,3a 

The students are able to write questions on the problems on Sidoarjo milkfish fishponds 

pollution, the making of Cirebon shrimp paste, and the Cilacap stingrays smoking which 

have to be solved. 

1b,2b,3b 

The students are able to write factors causing Sidoarjo milkfish fishponds pollution, the 

making of Cirebon shrimp paste, and the Cilacap stingrays smoking which have to be 

solved. 

1c,2c,3c 

The students are able to write important information related to problems on Sidoarjo 

milkfish fishponds pollution, the making of Cirebon shrimp paste, and the Cilacap stingrays 

smoking. 

1d,2d,3d 

2. To plan 

the 

problem

-solving 

The students are able to write the relationship between the correct science concepts related 

to problems on Sidoarjo milkfish fishponds pollution, the making of Cirebon shrimp paste, 

and the Cilacap stingrays smoking. 

1e,2e,3e 

3. To 

impleme

nt the 

problem

-solving 

The students are able to write science concepts to solve problems on Sidoarjo milkfish 

fishponds pollution, the making of Cirebon shrimp paste, and the Cilacap stingrays 

smoking. 

1f,2f,3f 

4. To re-

evaluate 

The students are able to select one solution to problems on on Sidoarjo milkfish fishponds 

pollution, the making of Cirebon shrimp paste, and the Cilacap stingrays smoking. 

1g,2g,3g 

  

Essay Test Instrument 

 The test presented three problems in making Cirebon shrimp paste, Cilacap stingray 

smoking and Sidoarjo milkfish cultivation. This test instrument consists of 21 items. The examples of 

test items are as follows: 

 The Buntung River is one of the rivers in Sidoarjo that runs through the metal, plastic, car, 

and electric cable-smelting industrial areas. These industries have great potential as a source of lead 

(Pb) waste and pollute the pond waters, the source of which is the Buntung river. The presence of lead 

in pond waters both in water and in sediments causes the accumulation of pollutants in organisms 

through the food chain. These heavy metals are easily absorbed and buried in phytoplankton/water 

plants. Milkfish is a type of herbivorous/plant-eating fish. Apart from entering through the food chain, 

heavy metals can also enter through the gills and diffusion through the surface of the skin. The longer 

the exposure to heavy metals in the waters, the more damage to the gill organs will be very visible 

through histology. The research data on the level of river pollution at the Sidoarjo pond locations are 

presented in Table 3. 

 

Table 3  

Concentrations of Lead (Pb) In Water and Sediment Samples. 

Sampling 

point 

Location The concentration of lead (Pb) 

Water Sediment Phytoplankton Milkfish 

 

Station 1 

River 0.018 2.664 0.176 0.177 

Pond 0.005 3.128 

Station 2 River 0.026 3.072 0.188 0.190 

Pond 0.011 2.974 
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Station 3 River 0.028 2.849 0.192 0.186 

Pond 0.008 3.220 

Station 4 River 0.021 2.922 0.177 0.175 

Pond 0.000 3.005 

 

 Based on the problem of the milkfish pond pollution in Sidoarjo which is presented with 

the information above, please answer the following questions: 

a. Write down science concepts related to the problem of pollution in the Sidoarjo milkfish pond. 

b. Make questions related to the problem of pollution in the Sidoarjo milkfish pond. 

c. Write down the factors that cause lead metal pollution to fish ponds from industrial activities 

in Sidoarjo. 

d. Write down the information about the level of lead pollution based on the data presented in 

Table 3. 

e. Based on the problem of pollution in the Sidoarjo milkfish pond, write down the relationship 

between the science concepts that are in accordance with the problem. 

f. Write down at least two science concepts that can solve the problem of lead pollution in 

milkfish pond operations. 

g. Of the two concepts of science / more to solve the problem of embedding pond water. Choose 

one of the most effective solutions to solve the problem and give the reason. 

 The testing stage was done through content and construct validity testing. The content 

validity tested the quality of the instrument to gain ad expert validators' agreement to test items and 

variables to be measured. The value of expert validators' agreement level was presented in Table 4. 

 

Table 4 

 Content Validity Data 

No Validator The Average of on the Assessment 

1 I 4.0 

2 II 4.3 

3 III 4.7 

4 IV 4.4 

5 V 4.4 

Average 4.4 

Aiken Index (V) 0.84 

Validity Very Good 

 

Based on Table 4, all items have good content validity. Aiken (V) index was an agreement 

index between raters toward the appropriateness of the items. Validity based on Aiken index 0.84 

with good validity level. Aiken (1985) as quoted by Azwar, (2013) states that an item with a V index of 

≤ 0.4 is considered as low validity, it is considered as medium validity for 0,4 ≤ V ≤ 0,8, and the value 

of ≥ 0,8 is considered as very valid. The instruments in the category of very valid for the theoretical 

aspect. After revising the suggestions item of the experts, the instrument was stated to be appropriate 

to the preservice teacher try out. The trials were carried out to prove the assumptions of item response 

theory that also functioned as empiric validity (Bashooir & Supahar, 2018). Test instruments were 

given to 80 preservice elementary school teachers.  

 

The Results of Try-Out 

The developed instrument is analyzed by the polytomous item response theory. In this theory, 

some assumptions needed to be completed previously to know the item parameter. The assumption of 
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unidimensional This assumption is proved through the exploratory factor analysis. The result of 

exploratory factor analysis can be shown in Table 5. 

 

Tabel 5 

The Tesult Of The KMO and Bartlett Tests 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .641 

Bartlett's Test of 

Sphericity 

Approx. Chi-Square 246.030 

Df 78 

Sig. .000 

 

Table 5 shows that the value of KMO > 0.5. It means that the sample size used to fulfill the 

requirement, hence the analysis factor can be continued (Hair, Black, Babin, & Anderson, 2009). The 

total variance explained through the instrument of the test can be shown in Table 6. 

 

Table 6 

 Eigen Value for the Problem-solving Skill Essay Test 

Component 

Initial Eigenvalues 

Total % of Variance Cumulative % 

1 3.373 25.949 25.949 

2 1.855 14.270 40.219 

3 1.281 9.850 50.069 

4 1.167 8.976 59.046 

 

Table 6 shows that the instrument contains four factors. These four factors are in accordance 

with the theory put forward by Polya (1945) that problem-solving consists of 4 factors/indicators. The 

result of factor analysis is presented in a scree plot in Figure 2. 

 

Figure 2 

Scree Plot Factor Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on Figure 2, it can be cleared that the graphic gets the sharp decrease from the first 

factor to the second factor then it is sloping, so the scree plot formed almost makes the right angle. It 
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shows that the developed instrument of the test only contains one dominant dimension, so the 

assumption of one-dimensional is fulfilled (DeMars, 2010). 

 

Item Fit 

 
An item of a test is called suitable with the model when it has INFIT MNSQ value from 0.77 to 

1.30 (Adam & Khoo, 1996 as quoted by Subali & Suyata, 2012). Based on the analysis, it gets the item 

fit in Figure 3. 

 

Figure 3 

Item Fit Based On the Mnsq Infit Value 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 shows that the MNSQ infit value data only items number 2 and 9 are outside the 

range from 0.77 to 1.30. Item number 2 has an MNSQ Infit value of 0.75 and item number 9 of 0.76 so 

that the two items are not fit. Except for numbers 2 and 9, all items of the test are suitable with the 

Partial Credit Model (PCM) so that the items that are fit are 19 items. Based on Table 6, the item is 

suitable with the Partial Credit Model (PCM). In PCM, it has an assumption about the discriminant 

value in each item is similar whereas the difficulty index in each step does not have to be in order and 

similar. The estimation result of item parameters from the try-out can be seen in Table 7. 

 

Table 7 

 Item Parameter Estimation 

Item Difficulty Item Difficulty 

1 -0.57 11 -0.3 

3 -0.18 13 0.52 

4  0.26 14 -0.1 

5  0.57 15 0.91 

6  0.03 16 -0.75 

7  0.32 17 0.61 

8  0.25 18 0.24 

9 -1.33 19 1.02 

10 -1.33 20 1.14 

21  1.00   
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Based on Table 7, the parameter of difficulty from all items in the instrument of the test is in 

the range of -0.75 to 1.14. The parameter fulfills good criteria based on Hambleton & Swaminathan 

(1985) because the difficulty index of the item is still in the range -2 < b < 2. The internal consistency in 

the QUEST program is a measure of the reliability of the test instrument. The internal consistency 

value (reliability) from test items was 0.77. The test instrument has a reliability value of 0.77, high 

reliability.  

The characteristics of the PSETI instrument are a description test that presents the 

ethnoscience problems of the Cirebon shrimp paste-making process, the smoking of Cilacap stingrays, 

and Sidoarjo milkfish ponds. PSETI is an essay test with the scoring which is using a partial credit 

model based on the three categories in the polytomous data. PSETI instrument has 19 items. 

Developing a problem-solving instrument in the form of an essay test is researched by Aristiawan & 

Istiyono (2020); Warsono et al. (2020); Kurniawan & Taqwa (2018); Lestari, Purwanto, & Sakti (2019). 

The essay test is considered to measure the complex cognitive level (Kubiszyn & Borich, 2013) and to 

push them to activate high order thinking skills in answering the question (Baig et al. 2014). The essay 

test is suitable to measure the students’ problem-solving skills. PSETI presenting ethnoscience 

problems. The problems discussed should be closely related to everyday life (Heller & Heller, 2010; 

Jonassen, 2011). It is intended to prepare students to be able to solve problems that are not only 

structured but also unstructured, complex, and diverse (Dixon & Brown, 2012). Science instruction in 

ethnoscience increased university students’ positive attitude toward science and it developed their 

problem-solving & creative thinking in a learning environment (Şener et al., 2015). PSETI assessment 

by experts was analyzed based on the AIken index of 0.84. The item was valid if the coefficient 

validity is more than 0.8 (Retnawati, 2016). PSETI assessment, based on experts, falls in the very valid 

category. 

PSETI validity, based on field testing in terms of exploratory unidimensional testing of factor 

analysis based on scree plots can be cleared that the graphic gets the sharp decreasing from the first 

factor to the second factor then it is sloping, so scree plot formed almost makes the right angle. It 

shows that the developed instrument of the test only contains one dominant dimension, so the 

assumption of one-dimensional is fulfilled (DeMars, 2010). PSETI validity in terms of PCM testing. An 

item of the test is called suitable with the model when it has an INFIT MNSQ value from 0.77 to 1.30 

(Adam & Khoo, 1996). Items number 2 and 9 are outside the range from 0.77 to 1.30. Item number 2 

has an MNSQ Infit value of 0.75 and item number 9 of 0.76 so that the two items are not fit. Except for 

numbers 2 and 9, all items of the test are suitable with the Partial Credit Model (PCM) so that the 

items that are fit are 19 items. The parameter fulfills good criteria based on Hambleton & 

Swaminathan (1985) because of the difficulty index. The difficulty level of items that meet the criteria 

is between -2 to +2. The difficulty level of the PSETI instrument is between -0.75 to 1.14 so it is 

concluded that it is a good criterion. PSETI instrument reliability is based on internal consistency 

value. The internal consistency value from test items was 0.77. The test instrument has a reliability 

value of 0.77 has high reliability. The results of this study are in line with the research Hidayat et al. 

(2017) concluded that essay test instruments to measure problem-solving skills had the reliability 

value of 0.8. Thus, it was good for measurement. Nadapdap & Istiyono (2017) developed an essay 

instrument to measure problem-solving using an item difficulty index ranges from -1.47 to 0.88, 

meaning that all items are good, and information function analysis and SEM show that the test fits the 

ability between -1.3 and 2.7. Haeruddin et al. (2020) concluded that essay test instruments to measure 

problem-solving skills had a reliability value of 0.8. Thus, it was good for measurement.  

The advantage of the PSETI instrument is that it has a high-reliability value and meets the 

theoretical validity and empirical testing. The weakness of this instrument is like an essay test 

instrument so that the objectivity of assessing, scoring guidelines, and the time it takes to evaluate it is 

a long time. The results of this study can be used to measure the problem-solving skills of prospective 

teachers so that they can be used as an evaluation of learning that equips these skills.  
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Conclusion and Implications 

 
  Characteristics of PSETI in the form of an essay test and contains ethnoscience 

problems. Content validity based on the Aiken index was 0.84, with a good validity level. The results 

of the development of the PSETI instrument consisting of 19 items met the validity and reliability of 

the 21 items compiled.  
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