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ABSTRACT

Measuring students’ conceptual understanding is a challenge for teachers. Teachers usually use 
open-ended instruments to measure students’ conceptual understanding in depth. However, this 
instrument is considered highly subjective in the assessment and requires a relatively long time to 
check the answers. Computerised Testlet instruments developed by combining the advantages of 
open-ended and closed-ended instruments are deemed the solution to these problems. This study, 
therefore, aims to analyse the quality of the Computerised Testlet instrument psychometrically. 
The Rasch analysis model with Winsteps software was used in this study. A total of 10 Testlet 
items with three supporting questions were developed on the topic of stoichiometry. A total of 413 
students (N = 413: 236 female, 177 male) from three different schools took tests on stoichiometry 
using the Testlet instrument, which was provided through a web developed previously 
(computerised). Rasch analysis model helped psychometric analysis regarding reliability, linear 
validity of students’ knowledge, and difficulty of items. This study reveals that Computerised 
Testlet able to identify students’ thinking processes. Besides, the psychometric analysis results 
showed that using Testlet to measure conceptual knowledge had good unidimensionality and 
reliability; it could be used to measure stoichiometric conceptual knowledge. Some questions 
needed to be revised as they proved unable to distinguish between high and low students’ 
conceptual knowledge; in general, the instrument could be used and provided a good function in  
analysing conceptual knowledge on the topic of stoichiometry.

Keywords: Computerised Testlet, conceptual understanding, stoichiometry, Rasch analysis 

Published: 30 December 2022 

To cite this article: Sri Yamtinah, Shifi Syarifa Fahmina, Dimas Gilang Ramadhani, Sulistyo Saputro, & Ari Syahidul Shidiq. 
(2022). Computerised Testlet instrument to assess students’ conceptual understanding of chemistry on the topic of stoichiometry: 
Psychometric analysis. Asia Pacific Journal of Educators and Education, 37(2), 5-29. https://doi.org/10.21315/apjee2022.37.2.2

Volume 37, Number 2, 2022
https://doi.org/10.21315/apjee2022.37.2.2

Research Article:



6

INTRODUCTION

Educational assessment has transformed in the last few decades. This transformation 
impacts not only the assessment on a large scale but also the assessment in the classroom. 
Three factors contribute to the transformation: changes in general education goals, the 
relationship between assessment and learning, and the limitations of assessment methods 
for reporting the students’ conceptual understanding and skills (Brookhart, 2005; Kelting-
Gibson et al., 2014; Marzano et al., 1993).

Another opinion suggests that the transformation of assessment in science education is 
based on the assumption of decomposability and decontextuality of science, which results 
in a system of judgements with simple inference; it is often referred to as “traditional 
assessment” (Klassen, 2006). This assessment model was replaced by an assessment that 
pays more attention to cognitive psychology, the development of the philosophy of science, 
and the development of constructivism theory. It is primarily about cognitive processes in 
students who emphasise the context in learning and assessment. These changes led to the 
development of various methods of contextual assessment in science education (Klassen, 
2006; Taylor & Watson, 2000).

The recent study on educational assessment focused on the interaction between classroom 
assessment and the lack of use of assessment instruments associated with the experience 
acquired by students in the classroom. It becomes the research basis on classroom assessment 
to improve and develop classroom assessment that can significantly contribute to improving 
learning quality (Black & Wiliam, 1998). In addition, technological developments in the 
21st century encourage technology integration with learning and assessment processes 
(Yamtinah, Saputro, et al., 2019).

Technology-based assessment is in line with the expected transformation in science 
education. Contextualisation of the learning process that aligns with the assessment can be 
done with technology. In addition, it makes it easier for classroom teachers to carry out the 
process of assessing students’ knowledge and skills (Fahmina et al., 2019; Yamtinah et al., 
2021; Yamtinah, Indriyanti, et al., 2019). Other advantages of technology-based assessment 
are that it can automatically provide diagnostic information from students’ knowledge and 
skills, can determine the quality of items, and is more efficient because it can be used many 
times (Griffin & Care, 2015; Kapsalis, 2009; Khlaisang & Koraneekij, 2019).

Amid the transformation of science education and all the advantages provided by 
technology-based assessment, it turns out that many science class teachers still preferred to 
use paper and pencil-type tests to conduct assessments. Moreover, the form of the instrument 
used is inseparable from traditional multiple-choice (close-ended) and essay (open-ended) 
(Shidiq et al., 2016; Yamtinah et al., 2017). The discrepancy between the expectations of 
transformation in science education and the teacher’s reliance on conventional instruments 
is one of the problems raised in this study.

Classroom teachers, moreover, tend to have limited information about innovative forms 
of assessment instruments. Therefore, they chose the traditional multiple-choice and 
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essay forms of instruments. Either multiple-choice or essay both have its advantages 
and disadvantages. Multiple-choice assessment instruments have advantages, such as 
faster assessment times and fewer subjective responses to students’ answers. However, the 
disadvantages are that this instrument cannot identify students’ thinking processes to solve 
the given problem, the high factor of guessing answers students, and more likely students 
to cheat (Gurel et al., 2015; Shidiq et al., 2019; 2016; Yamtinah et al., 2021). Meanwhile, 
the essay (open-ended) assessment instruments have the advantage of discovering students’ 
thinking processes in solving given problems. In addition, the form of an open-ended 
instrument also allows students to explore their answers. Nevertheless, as a disadvantage, 
this instrument takes longer and has a relatively large error rate when scoring. The high 
subjectivity factor of the teacher who scores is the main disadvantage (Fahmina et al., 2019; 
Hecht et al., 2017; Wainer & Kiely, 1987).

LITERATURE REVIEW

Computerised Testlet Assessment

The disadvantages of multiple-choice (close-ended) and essay (open-ended) assessment 
instruments, as well as the demands of technology-based assessments instrument that 
can accurately assess students’ knowledge and skills, have then led to the need for new 
forms of assessment instruments that can combine the advantages of multiple-choice and 
essays and technology-based assessments. Therefore, a computerised form of the Testlet 
instrument was developed to combine all these advantages. A Testlet instrument is a group 
of items (questions) related to a particular topic set into a single unit and contains several 
predetermined steps. The Testlet is included in the type of test that produces more than one 
response. Furthermore, this Testlet has a relatively hierarchical answer about the knowledge 
(construct) to be measured (Huang & Wang, 2012; Luecht et al., 2006; Shidiq et al., 2016; 
Wainer et al., 2013).

The Computerised Testlet assessment instrument further provides an opportunity for the 
teacher not only to ask questions to students but also to describe the contextualisation of 
the problems to be asked to students through the “stem” or main questions in the Testlet 
instrument construction. Then, this stem or main question will become the problem context 
to be asked hierarchically in supporting questions. In this way, students’ thinking processes 
are hierarchically identified while still simplifying the assessment process like traditional 
multiple choice (Chang & Wang, 2010; Lutviana et al., 2019; Wang & Wilson, 2005; 
Xiaohui et al., 2002). Because the Testlet has supporting questions that distinguish it from 
traditional multiple-choice, the graded response model is used as a guide for scoring using 
this Computerised Testlet instrument (Chang & Wang, 2010; Zhu & Stone, 2012). 

Computerised Testlet Assessment and Stoichiometry

In this study, a Computerised Testlet assessment instrument was developed on the topic 
of stoichiometry. This topic was chosen because it has the characteristics of hierarchical 
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knowledge and becomes the foundation for other topics in chemistry (Cacciatore & 
Sevian, 2006). In addition, this topic is considered complex by students (Mahaffy, 2006). 
Stoichiometry includes simple reaction equations, basic chemical laws, and chemical 
calculations. There have been many studies on stoichiometry topics in chemistry education, 
such as the use of blogs to improve students’ stoichiometry knowledge (Le Maire et al., 
2018) and the effect of hands-on activities on improving stoichiometry knowledge (Ajayi, 
2017). However, there is no reported work on using the Computerised Testlet assessment 
instrument to determine students’ conceptual knowledge of the topic of stoichiometry. In 
fact, the characteristics of the testlet which has a structured problem with several layers are 
hierarchically compatible with the characteristics of the stoichiometric material which is 
also hierarchical (Cacciatore & Sevian, 2006; Chang & Wang, 2010)

This study, therefore, administered a Computerised Testlet instrument developed previously 
for students to determine their conceptual knowledge of stoichiometry. The assessment 
instrument developed required an analysis of item quality. It was done to ensure the 
instrument had good construction and reliability and could measure what it was supposed 
to measure. Hence, this study aimed to analyse the quality of the Computerised Testlet 
assessment instrument’s items on a psychometrically stoichiometry topic.

Psychometric Analysis

An instrument’s validity and reliability analysis is part of the psychometric analysis (Finney, 
2007). Teachers and researchers usually conduct psychometric analysis using a Classical 
Test Theory (CTT). CTT is preferred as it has a simpler mathematical equation and a more 
moderate sample size (Tangio, 2019). Almost all psychometric analyses of an assessment 
instrument on chemistry learning used CTT to determine the data validity and reliability 
(Adams & Callahan, 1995; Bolarinwa, 2015; Chen & Liu, 2020; Currell & Jeukendrup, 
2008; Feyzíoglu et al., 2012; Garner, 2005). In CTT, the item parameter seen is only the 
quality of the instrument item without looking at the respondent who is working on 
the instrument; consequently, of course, very little information will be obtained, and the 
diversity of the data obtained will be minimal (Hambleton & Jones, 1993). 

The use of modern tests such as Item Response Theory (IRT) has then begun to be used 
to see in more detail the instrument’s ability to measure student understanding. Rasch’s 
analysis of psychometric assessment in chemistry and science has been reported by many 
researchers (Lu & Bi, 2016; Syang & Dale, 1993). The Rasch model can also describe the 
distribution of a person’s abilities and their relationship to the test items used. Thus, it is 
interesting for this study to use an IRT approach, such as the Rasch model analysis, to 
analyse the psychometric aspects of the Computerised Testlet assessment instrument in 
measuring students’ conceptual understanding of stoichiometry.

Sri Yamtinah et al
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METHODOLOGY

Research

In this quantitative research, before testing, the instrument underwent the expert validation 
stage and was tested on a trial scale. This study focused on the psychometric analysis of the 
Computerised Testlet used to measure students’ conceptual understanding of chemistry on 
the topic of stoichiometry. As shown in Figure 1, obtained data would be analysed for item 
quality, reliability and validity. Validity included unidimensional and local independent tests. 
The first was conducted to see whether the instrument could measure something latent or, 
in this study, was the ability to understand students’ chemical concepts on the topic of 
stoichiometry. The latter local independent test was to see the instrument independence, 
where each item did not affect other items. Meanwhile, reliability comprised item reliability 
to determine whether the limit was found and people reliability to know whether the 
sample selection used to measure the instrument’s quality was correct. Then, Cronbach’s 
Alpha measures the reliability of a construct, whereas composite reliability measures the 
reliability of the value of a construct. In this regard, composite reliability is considered to be 
better in estimating the internal consistency of a construct. Moreover, item quality includes 
an item fit test to determine the quality of the items, Wright’s map to see the distribution 
of item and person data, and distractor analysis to see how well the distractors work and 
analyse the log distribution of each item.

Figure 1. Research design

Instrument

Developing an instrument requires several phases and many steps that need methodological 
and theoretical decisions. Classical (Nunnally & Bernstein, 1994) and contemporary 
(Boateng et al., 2018; DeVellis, 2017) instrument development illustrates that instrument 
development involves several phases of preparation and testing to obtain a good instrument. 
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Almost all research and development carried out more than five steps, the most common 
of which are initial product development, product validation and testing. In this research, 
the researchers developed the instrument described by Boateng et al. (2018) and followed a 
procedure consisting of three phases and a total of five steps, as shown in Figure 1.

In the first phase, the construction of the Computerised Testlet development began by 
looking for topics on the chemical concepts that caused the most problems for students. 
The stoichiometry was chosen based on an in-depth interview and study literature, which 
provided data that this concept has a high difficulty level. The construction of basic 
competencies related to stoichiometric topics was carried out to determine competency 
and question indicators. The Testlet was also developed based on the needs obtained from 
the in-depth interview process and the literature review carried out. The second phase, the 
development of instrument and application software, was carried out. The panel of experts 
consisted of three professors in the chemistry teaching field, two experts in chemistry 
learning assessment, two experts in chemistry learning content, and seven chemistry 
teachers with more than 15 years of teaching experience. The expert panel checked the 
content validity of the proposed items, leading to a test of mastery of chemical concepts in 
the topic of stoichiometry. Next was a pilot test consisting of a readability test and a Testlet 
application usability test. The readability of items included language and graphics displayed 
in the Testlet instrument. Meanwhile, the usability test comprised the ease of operating the 
application and the problems that arose during the use of the application. In the third and 
final phase, the items were tested on high school students, and then the tests’ psychometric 
results were analysed.

Two general concepts often used in factor Testlet models are independent of each item 
and multidimensional. Independent Testlet means that each item developed is not related 
to other items. On the other hand, by using the multidimensional concept, each developed 
item can be linked to other items. This multidimensional concept makes more sense when 
applied to several items related to the context but not made directly from each other (DeMars, 
2012). For example, it is when presented with phenomena or events related to chemical 
concepts. For instance, in the dissolution of aluminium in hydrochloric acid, producing 
aluminum chloride and hydrogen gas, writing down the equation for the occurring reaction 
is asked in the first level. In the next level, the mole ratio of each compound in the reaction 
is determined. At the third level, the volume of hydrogen gas formed is determined. Levels 
2 and 3 cannot be answered when the items in the first level are not solved correctly because 
the equivalent reaction determines the mole ratio of each compound in the reaction. Thus, 
it is impossible to determine if one cannot solve the equivalent reaction and the mole ratio 
of each compound in the reaction in the third level. Figure 2 is an example of a Testlet item. 

In this study, all data were collected using a Computerised Testlet instrument. The 
Computerised Testlet instrument contained 10 Testlet items, and the participants were 
gathered at the computer centre of each school and took turns working on the items given. 
Participants were also given 90 minutes to work on the questions. The instrument Testlet 
was distributed randomly in ten rods, each consisting of three graded items. The first item 
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was a basic item to investigate students’ basic knowledge, a bridge in working on the second 
item, which was the basis for the third item. Therefore, the items in the Computerised 
Testlet instrument are called graded items.

Figure 2. A Testlet with one stem consisting of three layers of questions

Participants

The participants of this study were 413 high school students in Surakarta City, consisting 
of 236 female students and 177 male students with an age range of 15–17 years old. These 
students were from three different schools. The Testlet computerised assessment instrument 
was given to students after they had completed four lesson meetings related to the topic 
of stoichiometry. Students also took this test in their school’s computer laboratory, done 
online using a web-based Computerised Testlet assessment instrument system developed 
previously. All participants have also agreed to participate in this research and were willing 
if their test results, which were part of this research, to be published.

Data Analysis

Student responses were collected using a web-based Computerised Testlet instrument—
the data were obtained in the form of answers to each number of questions provided. The 
score was based on graded scoring as revealed by the Graded Response Model (GRM) 
(Zhu & Stone, 2012) scoring guidelines with details in Table 1.
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Table 1. Computerised testlet instrument scoring guidelines

No Assessment aspect Score

1. The answer to the first step is wrong. 0

2. The answer in the first step is correct but wrong, or no answer in the second and
third steps.

1

3. The answer is correct in the first and second steps but wrong in the third. 2

4. The answer in all steps is correct. 3

The results of student responses were then analysed using Rasch modelling in polytomy 
data analysis through Winsteps software. Rasch modelling has benefits in the psychometric 
evaluation of assessment data. The Rasch model also can convert raw scores into a measure 
of ability based on equidistant logit. This model can estimate the difficulty of items on the 
same interval scale as the estimated ability of students so that items can be evaluated. That 
way, the rater can see how well the item’s difficulty level matches the student’s ability being 
measured (Ahmad & Siew, 2021; Pentecost & Barbera, 2013). The data obtained from 
the testing process of the Rasch model included the value of reliability, construct validity, 
student abilities, item difficulty and item fit.

In addition, the instrument testing with the Rasch model must meet the requirements 
of unidimensionality and local independence. Factors also influence how this test works 
to estimate the person’s level of understanding. This test explains how the instruments 
developed can measure what should be measured. Unidimensionality in this measurement 
could determine other components with latent properties (conceptual understanding of 
chemistry on stoichiometry). Unidimensionality also analysed the conformity level of 
the main features with local independence. In the figure showing the unidimensionality 
test results, the researchers could find data related to 69.4% of raw variance explained by 
measures and leaving 30.4% of raw variance unexplained. Overall, it is considered that the 
data met unidimensionality and local independence requirements, providing evidence of 
the instrument’s construct validity (Linacre, 2011). Therefore, the researchers could use 
this instrument to measure the conceptual understanding of stoichiometry (Sumintono & 
Widhiarso, 2014).

Moreover, this test’s reliability is divided into two index indicators: items and persons. It 
contains reliability according to classical theory through Cronbach’s alpha of 0–1. This 
coefficient measures the consistency of a person’s answer to the items (questions) of the 
assessment instrument. Then, the Testlet instrument consisting of ten bars (questions) can 
be categorised as having an “acceptable” internal consistency if it has a range of 0.70 and 
0.80, “good” consistency between 0.80 and 0.90, and “very good” consistency if it is above 
0.90. Therefore, this Testlet instrument has a value compared to these criteria to measure 
the consistency level that can measure items and people.

The item difficulty and separation analysis are shown on the Wright map. The Rasch model 
relates to the response of the person, both of which are on the log-odds (logit) scale in 
the same place. Logit placement and scale allow for direct analysis of person and item 
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capabilities. The placement of zero (0) logit is the basis that the ability of the person and 
item difficulty is at an average level and will be higher in accordance with the increase in the 
logit value. Besides, the logit value with a negative value (–) indicates that the difficulty level 
gets lower; thus, the person’s ability is lower too. The symbol M indicates the placement of 
the mean or average, (S) represents one standard deviation, and (T) means two standard 
deviations ( Jin et al., 2020; Rachmatullah et al., 2017).

Furthermore, item fit indicates the expected level between the actual item characteristics 
and the characteristics of the Rasch model. Items are categorised as fit with the model 
when the MNSQ outfit value is 0.5 to 1.5, the ZSTD outfit value is in the -2 to +2 range, 
and the correlation measurement point value is in the 0.4 to 0.85 range (Wei et al., 2012).

RESULTS

Validity and Reliability of Measures

The Rasch model analysis is based on unidimensional and locally independent. 
Unidimensional has the assumption that items measure something latent; this study 
measured conceptual understanding of chemistry on the topic of stoichiometry. Besides, 
being locally independent means that one item’s success or failure is unrelated to other 
items. In this research, the Testlet consists of several stems in one stem, comprising three 
interrelated multiple-choice questions. This analysis could not use a dichotomy but should 
use the measurement of the polytomies of the three questions in one stem. Here, the 
relationship between each question in the stem, of course, has a connection, therefore in 
local independent analysis, it cannot be used with a dichotomy with the intention that this 
analysis does not violate the assumptions of the Rasch model about local independence 
(Deng & Wang, 2017).

Local independence was then evaluated, and the data found no significant correlation 
between items. The most considerable correlation was found to have a value of 0.14; this 
value can indicate that the Testlet theoretically did not violate the assumptions of the 
Rasch model, while according to the standard, items with a correlation >0.7 are categorised 
as having a high local dependent. Local independence shows that its success does not 
influence the subject’s success in overcoming other problems. Local independence also 
occurs when the subject’s success in overcoming a problem is due to his ability, not caused 
by other factors (Taskin et al., 2015).
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Figure 3. The plot of item loading

The reliability value can be seen in Table 2. The test results obtained an item reliability value 
of 0.98, personal reliability of 0.89, and Cronbach Alpha reliability of 0.95. These values 
indicate that the items in the Computerised Testlet instrument had good consistency when 
used from time to time (Korayem et al., 2017; Fahmina et al., 2019) content validity was 
applied to the computerised testlet instrument. Computerised testlet is a group of multiple-
choice items to reveal the same information developed in a computerised system. The 
computerised testlet instrument in this study consists of sevens stem (the subject matter). 
In other words, the Computerised Testlet instrument will produce the same information 
when carried out by several researchers with the same object (Nedungadi et al., 2019). The 
second reliability value was the person reliability of 0.89, included in the good category. 
This value denotes that the respondents used in this study had good answer consistency. 
The third reliability value was the Cronbach Alpha reliability of 0.95, showing that the 
interaction between a person and an item was very good overall (Sabah & Hammouri, 
2009).
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Table 2. Summary statistics of person and item

Parameter Separation Reliability Cronbach Alpha

Item (10) 2.31 0.98
0.95Person (413) 2.88 0.89
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Figure 4. Wright map Testlet, containing logit distribution data for the person and item 
difficulty level

Item separation shows the grouping of questions, while person separation 
demonstrates the group of students’ abilities. As shown in Figure 4, the left side of the 
vertical line is the distribution of students’ abilities, and the right side is the distribution 
of item difficulty levels. For example, the Computerised Testlet instrument tested 
resulted in a person separation value of 2.80. This value can be rounded up to 3, meaning 
that the Computerised Testlet instrument can classify students’ conceptual understanding 
of chemistry skills into three levels: high ability, medium ability and low ability. 
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In Figure 4, it can also be seen that students’ conceptual understanding of  chemistry 
abilities varied but was dominated by moderate abilities, clustering in the middle, from 
–3.5 logs to 0.5 logs. Thus, while students with high abilities are at the top logit, students 
with low abilities are at the bottom. In addition, the value of stem separation generated 
through Rasch modelling was 2.31, which was then simplified to 3. This value means that 
the Computerised Testlet instrument consisted of 10 items with high, medium, and low 
difficulty levels. The easiest stem questions were at the bottom logit; the higher individuals 
go, the higher the difficulty level. Therefore, the difficult and medium levels dominated 
the stem of this question. Students with high abilities (at the top logit) could do all stems 
correctly, while students with low abilities could only solve basic questions (Nedungadi 
et al., 2019).

Figure 4 presents the approximate person and item maps of the Computerised Testlet 
instrument. Each “#” sign represents five students, and a “.” signifies 1–4 students. On the 
left side of the vertical line is the distribution of students’ conceptual understanding of 
chemistry (person) from high ability (top) to low ability (bottom). Meanwhile, on the right 
side of the line is the distribution of each item’s difficulty level, which stems from easy to 
very difficult. The figure depicts that the distribution of students’ conceptual understanding 
of chemistry ability spread from –5.0 logs to 4.0 logs, while the distribution of items for 
each stem ranged from –1.50 logs to 1.80. Items were also arranged by logit from lowest 
to highest logit. Items S1–S10 were estimated to be close to each other, and all items were 
distributed to match the level of students’ conceptual understanding of chemistry.

Further, the most challenging question was in question 10; this number was in logit 1.9 and 
was in the area (T) or twice the standard deviation. The difficulty level of question number 
10 could still be categorised as could be done by most people with high understanding 
abilities, and it can be seen from the symbols “#” and “.” above (T). It is also necessary to 
look at the item suitability section to determine the next step regarding whether this type 
of question needs to be maintained or not suitable for measuring student understanding. 
On the other hand, the most simple question was in question number 1, looking at it at 
the lowest level with a logit value of –1.53. The researchers determined that this question 
had a low difficulty level, and many students could do well on this question. However, this 
analysis was insufficient to explain whether the item was feasible to use; thus, with item fit, 
there will be more information about how the item can measure stoichiometry conceptual 
understanding (Lu & Bi, 2016; Wei et al., 2012).

Item Fit

According to Table 3, the total fit index could be accepted according to the MNSQ Criteria, 
ZSTD Criteria, or point correlation criteria. Overall, according to the Rasch model and 
the Computerised Testlet instrument, the data were reliable and acceptable for measuring 
students’ conceptual understanding. However, further analysis of each item separately was 
required for instrument optimisation. This analysis assumes that students/persons with 
abilities in the upper group have a higher chance of answering items correctly than those 
with low abilities. This analysis was used to find the relationship between the student’s
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person’s ability to use the item. Items also function to separate problematic items so they 
can be improved or even not used. Item fit analysis was with residual analysis, unweighted 
(outfit), and weighted (infit) indices (Nedungadi et al., 2019; Paek et al., 2009; Taskin  
et al., 2015).

Table 3. Item fit statistics 

Item Difficulty 
value S.E.

Infit Outfit
Pt. Mea Corr.

MNSQ ZSTD MNSQ ZSTD

S1 –1.53 0.09 1.36 3.9 2.04 6.3 0.72

S9 0.10 0.10 1.54 4.8 1.62 4.1 0.78

S3 –0.32 0.10 1.36 3.5 1.01 0.1 0.81

S2 –0.85 0.09 1.17 1.8 0.97 –0.2 0.82

S10 1.90 0.13 1.03 0.3 0.49 –2.2 0.81

S4 –0.24 0.10 0.89 –1.1 0.73 –2.5 0.85

S5 0.73 0.11 0.89 –1.1 0.65 –2.4 0.84

S6 0.39 0.10 0.86 –1.5 0.67 –2.6 0.85

S8 0.31 0.10 0.70 –3.4 0.55 –3.9 0.88

S7 –0.50 0.10 0.48 –7.0 0.50 –5.3 0.90

Based on the analysis of item number 1, having an MNSQ value that exceeded 1.5 beyond 
the specified range, the researchers could quickly conclude that this item was problematic 
for most students. The fit analysis on the MNSQ infit and outfit also found that this 
question was relatively easy and could be done by all students with low or high abilities. 
Further analysis was then carried out to see if this article could be used in the distractor 
analysis as in the figure. It shows that this question could not distinguish; students with 
high or low abilities could all do the questions well. 

In addition, item number 9 had almost the same problem as number 1; the researchers 
judged that all questions in the medium category could be used, but not all questions in this 
category could distinguish. Item 9 also had an MNSQ value of both infit and outfit above 
1.5, showing that this question was only considered easy for those with high abilities and 
was too difficult for those with low abilities. 

Item 10, as the most challenging question, had an MNSQ infit value close to 1 and an outfit 
of 0.5, which was still within the allowable range. The researchers saw how the persons 
responded, and their understanding level would improve this analysis. It implies that each 
item (regardless of difficulty score) performed well enough for most students.

Moreover, ZSTD values   are often used to test the hypothesis that the data fit a “perfect” 
model. It is recommended that MNSQ scores be evaluated before considering ZSTD 
scores and that “ZSTD is only useful for rescuing insignificant MNSQ [scores] when the 
sample size is small, or the test length is short.” Related to that, items 1 and 9 no longer 
met the MNSQ and the ZSTD standards; this item needed to be revised ( Jin et al., 2020; 
Lu & Bi, 2016).
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Figure 6. Distractor analysis stem number 10

Stem 10 was the most difficult question and had the highest logit value. The analysis was 
carried out to determine how difficult the questions were and whether they were still 
feasible. Stem 10 is about hydrate compounds and their functions. In this problem, the 
first layer determined the chemical formula of the hydrated compound, and the next layer 
determined the element with the most components of a hydrated compound. The problem 
in this second layer had a relationship with the first layer. It will not determine the most 
elemental composition if the hydrated compound cannot be determined. Then, the last 
layer determines the mole ratio of the element with the most and the smallest composition.
It has a relationship with the previous two problems, making students have to determine 
the ratio correctly from the existing hydrate reaction (Van Bramer et al., 2001).

Questions with a score of 0 or students who could not understand conceptual understanding 
on this topic were in the –4 logit to 0 logits, and it is a long-range where almost all students 
with low abilities would fail on this stem. Problems with a value of 1 or could balance 
the hydrate reaction had a range between –3 logit and –2 logit; almost all students with 
medium and low ability could complete this well.The value of 2 was in the range of –1 logit 
to 2 logits; one should have strong analysis abilities on this question. Therefore, with low 
conceptual understanding skills, it will be challenging to understand this type of question.
Meanwhile, a perfect score of 3 on this stem was from 0 logits to 4 logits; this question 
was proven to distinguish between low and high abilities because only high abilities could 
do it correctly. This question could still be used because, according to the fit and distractor 
analysis ( Jin et al., 2020; Trail & Howe, 1994), this question was still within the limits 
specified for questions in the high category.

In contrast, many people failed at the second layer, and some students in high ability 
persons failed to work on the questions at this layer. It indicates a problem in the second 
layer that made this question ineffective. This investigation focused on how the person’s 

Distractor Analysis  

Figure 5. Distractor analysis stem number 1

Items in stem 1 discuss the reactions that occur in the combustion process of hydrocarbon 
compounds. Stem 1 had the problem with the lowest level of difficulty. A stem set consisted 
of three questions related to one another, where students would work on question number 2 
if they could work on question number 1. It is impossible to predict the amount of carbon 
dioxide gas if they cannot master the concept of an equivalent reaction. Items on this stem 
started by balancing the reaction; if it fails to make the reaction equal, it is impossible 
to determine the mass ratio on the respondent with a score of 0 with a logit of –2 to 0 
logit. Score 1 is at logit –3 to 2; score 2 is at logit 0 to 3 logit. In addition, item 1 had a 
low level of difficulty, in which low-category people should easily answer this question 
while high-category people could not. In the Testlet, the questions in stem 1 consisted of 
three questions, and all three were related. This question was mainly responded to correctly 
by students with high abilities, while those in the low category could only answer up to 
point 1. Alternatively, low comprehension abilities could only answer the reaction equation. 
Besides, it will be impossible to determine the amount of carbon dioxide gas formed, such 
as the questions in item 1 in layers. Students with high and low abilities could only answer 
2 and 3. Thus, this question could not distinguish between high and low comprehension 
abilities (He et al., 2016; Luo et al., 2018).

Further investigation at the distractor analysis stage provides an overview of how this item 
should be improved. Item stem 1 needed total improvement because a person with a high, 
medium, or low ability level could work on this type of question. Suggestions for making 
improvements are ways to improve the quality of the questions to be better.
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Figure 6. Distractor analysis stem number 10

Stem 10 was the most difficult question and had the highest logit value. The analysis was 
carried out to determine how difficult the questions were and whether they were still 
feasible. Stem 10 is about hydrate compounds and their functions. In this problem, the 
first layer determined the chemical formula of the hydrated compound, and the next layer 
determined the element with the most components of a hydrated compound. The problem 
in this second layer had a relationship with the first layer. It will not determine the most 
elemental composition if the hydrated compound cannot be determined. Then, the last 
layer determines the mole ratio of the element with the most and the smallest composition. 
It has a relationship with the previous two problems, making students have to determine 
the ratio correctly from the existing hydrate reaction (Van Bramer et al., 2001). 

Questions with a score of 0 or students who could not understand conceptual understanding 
on this topic were in the –4 logit to 0 logits, and it is a long-range where almost all students 
with low abilities would fail on this stem. Problems with a value of 1 or could balance 
the hydrate reaction had a range between –3 logit and –2 logit; almost all students with 
medium and low ability could complete this well. The value of 2 was in the range of –1 logit 
to 2 logits; one should have strong analysis abilities on this question. Therefore, with low 
conceptual understanding skills, it will be challenging to understand this type of question. 
Meanwhile, a perfect score of 3 on this stem was from 0 logits to 4 logits; this question 
was proven to distinguish between low and high abilities because only high abilities could 
do it correctly. This question could still be used because, according to the fit and distractor 
analysis ( Jin et al., 2020; Trail & Howe, 1994), this question was still within the limits 
specified for questions in the high category.

In contrast, many people failed at the second layer, and some students in high ability 
persons failed to work on the questions at this layer. It indicates a problem in the second 
layer that made this question ineffective. This investigation focused on how the person’s 
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Figure 5. Distractor analysis stem number 1

Items in stem 1 discuss the reactions that occur in the combustion process of hydrocarbon 
compounds. Stem 1 had the problem with the lowest level of difficulty. A stem set consisted 
of three questions related to one another, where students would work on question number 2 
if they could work on question number 1. It is impossible to predict the amount of carbon 
dioxide gas if they cannot master the concept of an equivalent reaction. Items on this stem 
started by balancing the reaction; if it fails to make the reaction equal, it is impossible 
to determine the mass ratio on the respondent with a score of 0 with a logit of –2 to 0 
logit. Score 1 is at logit –3 to 2; score 2 is at logit 0 to 3 logit. In addition, item 1 had a 
low level of difficulty, in which low-category people should easily answer this question 
while high-category people could not. In the Testlet, the questions in stem 1 consisted of 
three questions, and all three were related.This question was mainly responded to correctly 
by students with high abilities, while those in the low category could only answer up to 
point 1. Alternatively, low comprehension abilities could only answer the reaction equation.
Besides, it will be impossible to determine the amount of carbon dioxide gas formed, such 
as the questions in item 1 in layers. Students with high and low abilities could only answer 
2 and 3. Thus, this question could not distinguish between high and low comprehension 
abilities (He et al., 2016; Luo et al., 2018).

Further investigation at the distractor analysis stage provides an overview of how this item 
should be improved. Item stem 1 needed total improvement because a person with a high,
medium, or low ability level could work on this type of question. Suggestions for making 
improvements are ways to improve the quality of the questions to be better.
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answer patterns and improvements were made to improve the instrument used. 

Moreover, stem 10 was the most difficult question, and the question in the difficult category 
does not mean that it is not used. The distractor analysis found that people could answer 
this question with high abilities, and those with low categories could not. Persons with low 
categories would also stop at the second layer, and most of them failed on the first layer. 
Then, the medium and high categories had a greater chance of reaching layers 2 and 3. Thus, 
stem 10 can be used to measure the stoichiometry of conceptual understanding (Taskin 
et al., 2015).

Figure 7. Distractor analysis stem number 9
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Stem 9 discusses metal alloys and their composition. In this problem, individuals will look 
for reactions that occur in the reaction of metals with acids, determine the mass of products 
produced from a substance, and determine the ratio of the masses of the products of the 
first and second reactions. A value of 0 in the range of –4 logit to 3 logits indicates that this 
question could not determine the difference between one ability, with a vast range, making 
low or high abilities have the same potential for not answering these bars correctly. At a 
value of 1 or could work on the first layer, i.e., questions related to the reactions that occur 
in the reaction of metals with acids, it was in logit in the range of –4 to 2 logit. In addition, 
in the highest proportion with answers worth 1, almost all respondents could only answer 
at this layer. It shows that this question could only be used for respondents with moderate 
ability and could not distinguish between high and low-ability concept understanding. 

The value of 2, which was only in the logit –1 to 2 range, was concise and showed that 
very few students of high ability reached this stage. Determining the mass of the product 
produced from a substance was a problem for most students. It indicates the need for 
revision at this stage. Then, at a value of 3 in the range of 1 logit to 5 logits, the third layer 
discusses determining the mass ratio of the first and second reaction products. Although 
the third layer had an easier difficulty than the second one, it had a problem in the second 
layer, resulting in many respondents failing at the next layer (Hecht et al., 2017). 

Stem 9 is also a unique question because it is not a difficult or easy question category and 
is in the standard deviation range, and 0 logit indicates a medium-category question. The 
analysis on stem 9 revealed that most people had problems with the questions on the 
second layer. People could work on this problem only at the first layer (Heredia & Lewis, 
2012; Tarhan & Acar-Sesen, 2013)

DISCUSSION

Construction validity determines the extent to which the test structure matches the theoretical 
structure of the construct that has been designed or defined (Aydin & Uzuntiryaki, 2009). 
The test instrument used must be designed to be unidimensional (measure one particular 
construct); it must be ensured and determined that only one construct is measured 
(Finney, 2007). In this research, the Testlet used assessed the conceptual understanding 
of stoichiometry. In accordance with that situation, the test instrument should be 
unidimensional. In other words, each item served as a measure of stoichiometric conceptual 
understanding. As indicated during the evaluation of the assumptions of the Rasch model, 
the TCI is unidimensional and therefore fits into the designed theoretical structure. The 
data in Figure 2 show the degree of unidimensionality according to the criteria, 69.4% of 
the raw variance explained by measure, leaving 30.4% of the standard variance unexplained. 
It is, therefore, essential to demonstrate how this instrument can assess unidimensionality 
in this study, assessing the conceptual understanding of stoichiometry (Taskin et al., 2015). 

Like validity, reliability cannot be determined based on a single coefficient; evidence of 
reliability can be seen from various sources and forms (Bolarinwa, 2015). In the Testlet 

answer patterns and improvements were made to improve the instrument used.

Moreover, stem 10 was the most difficult question, and the question in the difficult category 
does not mean that it is not used. The distractor analysis found that people could answer 
this question with high abilities, and those with low categories could not. Persons with low 
categories would also stop at the second layer, and most of them failed on the first layer.
Then, the medium and high categories had a greater chance of reaching layers 2 and 3.Thus,
stem 10 can be used to measure the stoichiometry of conceptual understanding (Taskin
et al., 2015).

Figure 7. Distractor analysis stem number 9
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instrument, reliability was divided into person reliability and item reliability. The first looked 
at how appropriately the participants were involved in this research. The person’s reliability 
also showed whether the participant represented the ideal situation or whether the selected 
participant had the too-low or too-high ability. Ideally, the distribution of the ability of a 
person or participant should be divided into high, medium, and low abilities. Meanwhile, 
the item reliability indicates whether the question items used have the reliability to be used 
now and in the future. The test results obtained item reliability values   of 0.98, a person’s 
reliability of 0.89, and Cronbach Alpha reliability of 0.95. These values suggest that the 
items in the Computerised Testlet instrument had good consistency when used over time 
(Scantlebury et al., 2001; Fahmina et al., 2019). In other words, a Computerised Testlet 
instrument will produce the same information when carried out by several researchers with 
the same object (Nedungadi et al., 2019). Then, the second reliability value was the person’s 
reliability of 0.89, included in the good category. In addition, this value denotes that the 
respondents used in this study had good answer consistency. The third reliability value was 
the Cronbach Alpha reliability of 0.95, meaning that the overall interaction between people 
and items was very good.

Moreover, a Testlet is needed to measure conceptual understanding of stoichiometry, and 
accurate data is required about the level of items outside the standard items to determine 
conclusions about the quality of the items used. Items are at different difficulty levels; 
how to make this difficulty level the information needed to determine the item’s quality, 
as stem 1 shows the question with the easiest difficulty level with a logit value of –1.53. 
Stem 10 was the most difficult question with a 1.90 logit item, and this stem was not directly 
categorised into questions to be revised or unused. The item map only provides information 
on how ones compare the item’s difficulty level and the person’s ability. The item map is also 
not absolute to determine whether the item is working correctly. Item fit is the next step 
of explaining how the Computerised Testlet can work in conceptual understanding. Two 
questions were of concern in item fit on stems 1 and 9, and it can be seen that it is outside 
the standard set for a fit item ( Jin et al., 2020; Lu & Bi, 2016; Rachmatullah et al., 2018).

The Computerised Testlet, according to the distractor analysis results, has advantages 
in distinguishing students’ abilities and can map students’ conceptual abilities well. The 
developed Computerised Testlet had three layers for each item. The first to third questions 
in the same STEM had a related hierarchy. Students should work on the first question 
to work on the next question, which aims to reduce cheating in the process of moving 
the questions. The Computerised Testlet also has a function like an open-ended question, 
where students are indirectly required to work on each question in one item coherently 
and describe the concepts they understand. Students will write them down on an answer 
sheet only in open-ended questions, while the Testlet helps by providing answer options. 
Like some previous research, the test instrument in a Testlet combines the advantages of 
multiple-choice and description questions. Huang and Wang (2012) provided a Testlet 
instrument design as a set of items giving a stimulus. This instrument can be used in 
solving problems, especially in terms of time efficiency, when giving students assignments 
or exercises to know various stimuli. The basic idea is that students process stimuli to fulfill 
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several items to reveal the same information. These items make it possible to measure the 
same achievement outside of the traits measured using the overall test (Wainer et al., 2007).
Further, the Computerised Testlet can have the same role as the open-ended test in that it 
gives freedom to each test taker to express his reasoning power so that the answers given 
by each test taker will show complex thinking skills. Distractor analysis data on items 1, 9 
and 10, as shown in Figures 5, 6 and 7, revealed that students were required to do the same 
as when working on open-ended questions; only each step of working on the questions 
was assisted with answer choices such as only objective test questions. Based on distractor 
analysis, the distribution of students’ scores for each ability, high, medium and high, had 
differences, as shown in Figure 9. Students had difficulty in layer 2, where most students 
with low abilities and some with moderate experienced it, while high abilities could easily 
work. This analysis uncovered that students were given convenience in expressing answers; 
at layer 1, item 9, students would express the correct chemical reaction. It would relate to 
the amount of gas produced in layer 2. Then, students should express the correct reaction 
before determining the gas produced. Students’ answers also would reflect how they 
could understand chemical concepts and distinguish between students with high and low 
abilities without reducing their right to demonstrate their ability to understand hierarchical 
chemical concepts (Liu & Hannig, 2017).

The objective test has the opportunity to answer correctly by guessing quite highly, as 
indicated by the amount of blind guessing and pseudo-level chance. The scoring on the 
objective test is dichotomous, so it is not optimal to determine the ability of the test taker 
(Kieftenbeld & Natesan, 2012). Meanwhile, its advantages are that it is easier and faster 
to analyse the results of scores than other types of tests (Yamtinah et al., 2018). Even 
though the Testlet is the same as using multiple choices, it will be more difficult for blind 
guessing and the pseudo-level chance to occur. In the data on the distribution of student 
answers, such as in distractor analysis, it can be seen from Items 9 and 10, showing that the 
Computerised Testlet was difficult for blind guessing and pseudo-level chance as students 
would experience problems in the next layer if the previous layer could not be answered 
correctly. The distribution of student scores also showed that difficult questions, such as 
in question number 10, could only be answered well by students with high abilities, while 
students with low abilities would only be on a score of 1, even if many were 0.

CONCLUSIONS, LIMITATIONS AND RECOMMENDATIONS

The reliability of this test was divided into two index indicators: item and person. The item 
reliability value of 0.98 indicates that the items in the Computerised Testlet instrument had 
good consistency when used from time to time. People’s reliability value of 0.89, included 
in the good category, means that the respondents involved in this study had good answer 
consistency. In addition, Cronbach’s Alpha reliability of 0.95 suggests that the overall 
interaction between the person and the item was very good. Then, the unidimensionality 
test resulted in 69.4% of the raw variance explained by measure and left 30.4% of the 
raw variance unexplained. Overall, it is considered that the data met the requirements 
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of unidimensionality so that this instrument could be used to measure the conceptual 
understanding of stoichiometry. 

Then, item analysis provides information that in this instrument, the difficulty level of 
the questions was divided into easy, medium, difficult, and very difficult, where most 
questions were in the medium and difficult distribution. The distribution of persons and 
items has shown good results, where the questions were well distributed. In item fit, the 
researchers found several notes showing the peculiarities of the Testlet, where students 
should understand the previous question to answer the question in one stem. Otherwise, 
students would be known to make guesses in working on the questions. Moreover, the 
statistical fit analysis uncovered that the items on the Computerised Testlet test instrument 
could distinguish low and high-ability students. The Computerised Teslet has also proven 
to be used and worked effectively to measure students’ chemical understanding of the topic 
of stoichiometry.

Further, computerised Testlets have advantages in terms of speed of analysis and have many 
similarities with open-ended tests, especially regarding the hierarchy of doing tests. The 
Computerised Testlet can be used as a practical and precise instrument to reduce relatively 
high guessing, as indicated by the amount of blind guessing and pseudo-level chance. The 
use of Computerised Testlets from Indonesia or even Asia Pacific needs to be done to 
assist teachers in conducting fair, objective, and fast tests with open-ended questions. The 
computerised test in Indonesia or Asia Pacific has also been running and has a significant 
growth speed; this makes this application an opportunity to be used because of the speed of 
analysis and can help students think hierarchically as in open-ended questions.
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