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 A teacher classroom assessment literacy (TeCAL) instrument was developed 

to measure the level of teacher classroom assessment literacy in schools. 

TeCAL contains 66 multiple choice items with four options based on four 

constructs namely purpose, measurement, evaluation and use. Thus, this 

study aims to identify the psychometric properties of TeCAL using Rasch 

measurement model (RMM) analysis through Winstep software version 

3.72.3. The findings show that the compatibility values of mean square 

(MNSQ) infit and outfit items ranged from 0.64 to 1.46 and 0.40 to 2.23, 

respectively. The value of MNSQ outfit was outside the set range, but still 

met the other fit statistics indicator which has a positive point measure 

correlation (PTMEA) value. In addition, the findings show that the empirical 

raw variance explained by measures is 38.2%. It was very close to the 

modeled value of 38.4% with the empirical unexplained variance in 1st 

contrast being 7.5% less than the maximum controlled 15%. Largest 

standardized residual correlations identified 10 pairs of dependent items to 

be less than 0.7. The person and item reliability index values were 0.94 and 

0.89 with separation index values of 2.90 and 3.80, respectively. Overall, 

this psychometric analysis is crucial to ensure that the TeCAL instrument 

has good quality and meaningful to use. 
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1. INTRODUCTION 

Assessment literacy is defined as teachers' knowledge, abilities and understanding of the concepts, 

and implementation of basic procedures set out in classroom assessments [1]. It is important because its 

effectiveness can influence educational decisions [2], such as improving the quality of instructions that drive 

expected achievement by testing, analyzing, interpreting and using student performance data aimed at 

identifying learning needs. Thus, a conclusion can be made that assessment literacy is one of the most 

important connections between assessment quality, instruction, and student performance [3]–[6]. 

A series of studies to measure teacher assessment literacy have been conducted since 1990. These 

include the developments of several previous literacy assessment instruments such as teacher assessment 

literacy questionnaire (TLAQ) [7], classroom assessment literacy inventory (CALI) [8], assessment literacy 

inventory (ALI) [9], and approaches to classroom assessment inventory (ACAI) [10]. Most of the researchers 

referred to the standards for teacher competency of educational assessment of students (STCEAS) which was 

https://creativecommons.org/licenses/by-sa/4.0/
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issued by The National Council on Measurement in Education (NCME) and several world bodies in 1990 
and only a few referred to classroom assessment standard (CAS) published in 2015. However, Brookhart [11] 

stated that STECAS does not consider the current concept of formative assessment and the social problems 

faced by teachers in the context of constructing and using assessment in standard-based education reforms. 
Gotch and French [2] support this by pointing out that the STECAS measures no longer satisfy the 

competency, ability, and expectation requirements for measuring teacher assessment literacy, and that the 

psychometric evidence used to support these claims is insufficient.  
Thus, the rationale of this study is to bridge this gap by focusing on classroom assessment literacy 

based on the more recent and comprehensive classroom assessment standard (CAS) [12]. It is the process of 

making judgments or decisions in providing quality values for the learning process of students in the 

classroom. This includes the ability of teachers to know and clearly understand the purpose, measurement, 

evaluation and use of assessment to report the level of student achievement on a continuous basis in a 

particular subject or period of time in order to take follow-up actions to enhance student performance. This is 

in line with the guidelines for the implementation of effective classroom assessment that have been set by the 

Malaysian Ministry of Education (MoE) starting with: i) Instructional planning and assessment methods; ii) 

Performing instructional and assessment; iii) Recording and analyzing student mastery; and iv) Reporting 

student mastery levels [13]. 

According to McMillan [14], the first step in an assessment is purpose which explains specific 

objective to collect particular data either before, during, or after the lesson. This step is necessary to set a 

clear vision of what needs to be achieved by the implemented assessment [6]. This is aligned with the first 

step proposed by curriculum development division, MoE [13], while implementing classroom assessments 

such as instructional planning and identifying assessment methods to be used. When doing instructional 

planning, teachers need to assess and clearly understand the content of each topic in the curriculum and 

assessment standards document (CASD) before determining the objectives to be achieved by students and to 

be interpreted by teachers. Teachers also need to identify assessment methods that are appropriate to assess 

students' abilities [13]. This is important to ensure that the design, administration and data generated by the 

assessment activities can be used appropriately [14]. Researchers found that at this stage, teachers need to 

build instruments as a tool to measure and it depends on the instructional activities that have been planned 

and assessment methods that have been chosen either based on the components of assessment for learning 

(AfL), assessment as learning (AaL) or assessment of learning (AoL). This is as stated in the classroom 

assessment standard (CAS) [12] document, where the type and method of assessment used should enable 

students to demonstrate their learning. In addition, stakeholders should also be informed of the purpose for 

which the classroom assessment is conducted and its uses. 

Measurement is the systematic process of setting numbers for behaviors and performance or 

differentiated behaviors using a variety of techniques [14]. It is also used to define or describe how many 

traits, attributes and characteristics each individual has achieved and needs to improve. This step is aligned 

with the second step proposed by curriculum development division, MoE [13], while implementing 

classroom assessment; which involve performing instructional and assessment tasks. The assessment 

methods in instructional tasks should focus on aspects to be assessed and can be implemented with a variety 

of designs and approaches such as oral, observation, written or a combination of all these approaches. 

Teachers also need to improve the assessment framework by emphasizing the characteristics of higher order 

thinking skills (HOTS) items which assess the skills of analyzing, evaluating, and creating, in addition to 

involving students directly. This is aligned with CAS which recommends that assessment process should 

involve students in a meaningful way and evidence of assessments can be used to enhance their learning. 

Moreover, the teachers should emphasize the features of validity and reliability and should not be influenced 

by factors unrelated to the intended purpose of assessment [12]. The information obtained from this step can 

provide a brief overview of the development and progress of students in the learning process. 

Evaluation is the procedure of putting a certain value on specific numbers and observations 

primarily based on a particular reference framework [14]. It involves the process of judging the quality and 

interpreting the process of measuring the extent of a student’s behavioral performance in learning. This step 

is aligned with the third step proposed by curriculum development division, MoE [13], while implementing 

classroom assessment i.e. recording and analyzing students’ achievement. This recording activity can store 

information systematically related to the development, ability, progress and achievement of students before, 

during and after the learning process. According to McMillan [14], this evaluation does not only emphasize 

quality, error-free and accuracy, but also relates to value. Therefore, the evaluation process conducted by the 

teacher should go through professional judgment to decide the extent of achievement of students by primarily 

referring to a set of criteria in the learning process as to whether they have achieved the minimum level of 

achievement or not. This information needs to be updated by teachers, stored, and maintained properly either 

in teaching records, teacher notebooks, checklists, and reporting templates to facilitate references on student 

learning before being analyzed and assessed for following-up and reporting purposes. 
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Usage is the last stage of implementing classroom assessment which shows how evaluation is 

applied. The use of scores and other data is highly relevant to the decisions that teachers need to enhance 

their instructions to assess their students and as a report for parents [14]. This step is parallel to the fourth 

step proposed by the curriculum development division, MoE [13], while implementing classroom assessment 

i.e. reporting the level of mastery of students. This reporting involves the process of communicating 

assessment information about the development and progress of student learning achievement to stakeholders 

either orally or through writing. It covers the level of mastery, interest, attitude and behavior of students, as 

well as suggestions for follow-up actions. 

In addition, the effectiveness of classroom assessment implementation requires continuous 

monitoring and reviewing, or reflection. This is proposed in the CAS which mentioned that the 

implementation of the classroom assessment should be monitored and reviewed in order to improve the 

overall quality [12]. This is also stated by DeLuca et al. [15] whereby these steps are necessary to support 

implementation and provide opportunities for teachers to improve teacher assessment literacy competency. It 

also coincides with the statement of the classroom assessment implementation guide document [13], which 

proposes four approaches to ensure quality in implementing classroom assessment, namely mentoring, 

coordination, monitoring and detection. Researchers see these steps as necessary to ensure that the 

implementation of classroom assessment by teachers is aligned with the guidelines. 

Psychometric properties of the instrument is necessary to ensure that its measurements are accurate 

and repeatable [16]. Therefore, there are several related psychometric theories that predict the results of 

psychological tests. Among them is the item response theory (IRT) which introduced a new approach to 

analyzing psychological test items [17]. IRT gives response focus to items in a test compared to classical test 

theory (CTT) which uses test level analysis [18], [19]. There are several statistical models introduced in IRT 

and they are generally divided into two main branches namely unidimensional and multidimensional. 

Unidimensional models are for measuring one dimensional trait, while multidimensional models measure 

multiple dimensions of traits [18]. The complexity that exists in multidimensional models causes most 

researchers to use unidimensional models, namely the dichotomous and polytomous data response model 

[20], [21]. There are three models for dichotomous data which are the simplest one-parameter logistics model 

(1-PL) [19], the two-parameter (2-PL), and the three-parameter (3-PL) models [20]. 

Rasch measurement model (RMM) refers to an idea, principle, guideline or technique that allows a 

measurement to be made for a latent trait [21]. RMM is a model of parameters, individual abilities tested, and 

item difficulty levels, as well as being the simplest response model; the one-parameter logistics model (1-PL) 

in IRT [22]. This model uses a mathematical formula where the probability of an individual answering or 

supporting an item correctly depends on the individual's ability or the difficulty of the item [22]. The RMM 

assumption emphasizes the same discrimination index, where individuals with low abilities do not guess the 

answers of items in order to answer it correctly [23]. Thus, there is only one parameter measured in the 

RMM, which is the level of difficulty of the item with the probability of success depending on the differences 

in individual abilities and the difficulty of an item [23]. RMM uses a combination of algorithms in the form 

of mathematical equations that express the expected probability of an item as i and the individual's ability as 

n [24]. Bond and Fox [22] stated the mathematical formula as in (1): 

 

P𝑛𝑖 (𝑥𝑛𝑖 =  
1

𝐵
, 𝐷) =  

𝑒(𝐵𝑛−𝐷𝑖)

1+𝑒(𝐵𝑛−𝐷𝑖) (1) 

 

With 

P𝑛𝑖 (𝑥𝑛𝑖 =  
1

𝐵
, 𝐷) = the probability of an individual n on item i giving the correct response (x=1) 

Bn = individual ability 

Di = item difficulty level 

Bn–Di = the probability of the possibility of a success 

 

 

2. RESEARCH METHOD 

2.1.  Research design 

Cross-sectional survey methods and fully quantitative data analysis were used in the study. The use 

of surveys has comprehensive features, is a fast way of handling or collecting data, can be used with a large 

sample, enables information to be obtained directly from the respondents, and enables the findings to be 

generalized [25]. Meanwhile, cross-sectional studies can estimate the prevalence of outcomes of interest or 

provide an overview of the population at a point or within a short time (cohort studies) [26]. This feature is 

seen to be appropriate with the study conducted by the researcher. 
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2.2.  Study sample 

The study was administered to 103 respondents consisting of primary school teachers throughout 

Malaysia. The disproportional stratified and multi stage cluster sampling technique was used to ensure that 

every respondent within the population had an equal probability of being as a respondent [25]. Respondents 

were selected based on demographic factors such as gender, position, subjects taught, teaching experience, 

and training attended. 

 

2.3.  Study instrument 

The instrument is a part of the measurement tool used to collect data of the study [27]. In this study, 

only one instrument was used which is a test known as teacher classroom assessment literacy (TeCAL). The 

instrument is self-developed which is constructed according to the steps of the instrument construction design 

model [28]. 

 

2.4.  Research procedure 

The research was conducted by distributing the survey through an online platform. The respondents 

were given one hour to complete the test individually or simultaneously in groups. They must also adhere to 

the test procedures. 

 

 

3. RESULTS AND DISCUSSION 

In psychological testing, content specifications are usually less explicit but the dimensions of 

response required by the researcher are broad and clear [29]. Thus, RMM has been chosen to analyze the 

psychometric characteristics possessed by TeCAL. This is aligned with the statement by Bond and Fox [22] 

where RMM can be used as an approach in developing an instrument. Researchers need to ensure that the 

two assumptions of RMM are measured first, which are unidimensionality and local item dependency [30]. 

The conducted analyses were the fit analysis of item and person - mean square (MNSQ) infit-outfit, Z-Std 

standardized fit statistics (ZSTD); polarity item - point measure correlation (PTMEA); unidimensional - 

residual partial component analysis (PCA); standardized residual correlations; reliability values; item and 

person separation index. 

 

3.1.  MNSQ infit, MNSQ outfit, and ZSTD values 

The first evaluation procedure that needs to be performed is to identify each incompatible item 

(misfit) through MNSQ analysis or standardized fit statistics (ZSTD) [31]. This is to ensure that the data or 

responses match or comply with the RMM [32], [33]. Therefore, this analysis is performed before other 

analyses, and the findings are as shown in Table 1. 

 

 

Table 1. Fit indices 

Indices 
MNSQ Point measure  

Infit Outfit Correlation 

Range 0.64 to 1.46 0.40 to 2.23  0.12 to 0.66 

Mean 1.02 0.97 - 

 

 

According to Linacre [34], this MNSQ value must be in the range of 0.5 to 1.5 to give productive 

implications for measurement. If the MNSQ value exceeds the range, it indicates a homogeneous item, while 

if the value is less than the range, it indicates that the domain overlaps with other items in one measurement 

scale. On the other hand, Bond and Fox [22] considered the ZSTD values in the range between -2.0 and 2.0 

as acceptable for sample sizes of 30 to 300. Overall range for the infit MNSQ in this study is still within the 

acceptable logit values. Nevertheless, the overall range for the MNSQ outfit is slightly off the range as 

suggested by Linacre [34] which involves four unfit items as tabulated in Table 2. 

 

 

Table 2. Misfit item–outfit MNSQ 

Item 
Outfit Point measure  

MNSQ ZSTD Correlation 

T64 2.23 1.7 0.35 

T52 1.58 1.9 0.12 

G34 0.45 -2.1 0.54 
N28 0.40 -2.2 0.54 
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Items T64 and T52 have values of 2.23 and 1.58, respectively, above the recommended outfit 

MNSQ value of 1.50 but still meet the ZSTD range. Meanwhile, for items G34 and N28, the value of Outfit 

MNSQ is less than the proposed value of 0.5 and the value of ZSTD exceeds the value of 2.0 set. However, 

an MNSQ misfit value below 0.5 is considered less threatening than a larger MNSQ misfit value [34], [35]. 

In addition, these four items still meet the other fit statistics indicator that has a positive point measure 

correlation (PTMEA). This indicates that the items are functioning in the same direction to the measured and 

expected domains. Thus, the positive value of point measure correlation explains that items can measure 

what should be measured and should be retained [21]. 

 

3.2.  Residual partial component analysis (PCA) 

PCA is used to ensure the uniformity of the dimensions of an instrument [21]. This feature of 

unidimensional can determine a one direction measure of instrument [21]. Findings from Table 3 show that 

the value of empirical raw variance explained by the measures is 38.2%, very close to the modeled value of 

38.4%. In addition, the empirical value of unexplained variance in 1st contrast has a value of 7.5% less than 

the maximum controlled 15% and is acceptable [21]. However, the Eigen value of unexplained variance in 

1st contrast is 5.3 which is more than 5 as suggested by Linacre [36], but this value pertains to the entire 

instrument representing the four constructs used. This value indicates contrasts between opposing factors but 

not loadings on one factor [36] and can be scaled down if analyzed separately by construct. 

 

 

Table 3. Residual partial component analysis 
Standard residual variance Eigenvalue Empirical  Modelled 

Total raw variance in observations 71.2 100.0%  100.0% 

 Raw variance explained by measures 27.2 38.2%  38.4% 

 Raw variance explained by persons 10.5 14.7%  14.8% 
 Raw variance explained by items 16.7 23.5%  23.6% 

Raw unexplained variance (total) 44.0 61.8% 100.0% 61.6% 

 Unexplained variance in 1st contrast 5.3 7.5% 12.1% - 
 Unexplained variance in 2nd contrast 4.1 5.8% 9.4% - 

 Unexplained variance in 3rd contrast 3.1 4.3% 6.9% - 

 Unexplained variance in 4th contrast 2.6 3.7% 6.0% - 

 Unexplained variance in 5th contrast 2.3 3.2% 5.2% - 

 

 

3.3.  Standardized residual correlations 

Table 4 highlights the largest standard residual correlations used to identify the multicollinearity of 

the two items in the test. A pair of listed items is in the range of -0.54 to 0.56, with standard balance 

correlation values. All items have point measure correlation value of not more than 0.7, which indicates that 

the respondents saw this pair of related items as a matter that can be distinguished and not confusing [21] or 

known as having local independence [37]. This shows that the items in TeCAL have less effect of item noise 

on the measurements carried out. 

 

 

Table 4. Largest standardized residual correlations 

Correlation 
Paired item 

Number of items Number of items 

0.56 U20 N28 
0.55 G15 N28 

0.49 N28 G34 

0.47 U57 G63 
0.47 T16 N48 

0.46 G15 G34 

-0.54 N48 G63 
-0.50 N28 G31 

-0.49 N28 U54 

-0.48 N28 G50 

 

 

3.4.  Reliability values and separation index 

The person and item reliability values for TeCAL are 0.94 and 0.89, respectively. The reliability 

value of person fulfils the requirements set by Linacre [36] which is 0.8, with an interpretation of a strong 

accepted reliability value, while the reliability value of the item fulfills the requirements set by Azrilah et al. 

[21] which is 0.78 with an interpretation of the adequacy of the item which measures what needs to be 
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measured. The separation index values for persons and items were 2.90 and 3.80, respectively, exceeding 2.0 

as suggested by Bond and Fox [22] showing a good and acceptable index. These obtained reliability values 

and separation index indicate the ability of TeCAL to provide different hierarchies along the measured 

variables. Table 5 presented the summary statistics of the field data. 

 

 

Table 5. Summary statistics of field data 
Measure Total Max Logit Min Logit Separation Reliability 

Person 48 6.01 -2.27 2.90 0.94 
Item 103 6.43 -6.47 3.80 0.89 

 

 

3.5.  Abortion of items 

Findings revealed that of the 66 TeCAL items analyzed, four were eliminated and 20 were modified. 

There were four items that dropped: N46 and N29 from the evaluation construct and G51 and G49 from the 

use construct. Meanwhile, the 20 modified items were T64, T37, and T52 from the purpose construct; U56, 

U21, U42, U23, and U41 from the measurement construct; N45, N61, N47, N44, N14, N26, N60, and N28 

from the assessment construct; G32, G35, G6, and G63 from the usage construct. The items were dropped or 

modified based on the findings of the analysis because they did not meet the MNSQ, ZSTD, or PTMEA 

correlation values. Table 6 shows a summary of the number of items dropped, modified and retained in  

the constructs. 

 

 

Table 6. A summary of the number of items by construct 

Construct 
Number of 

original items 
Number of 

items dropped 
Number of 

items modified 
Number of 

items retained 

Purpose 9 - 3 9 

Measurement 21 - 5 21 

Evaluation 21 2 8 19 
Use 15 2 4 13 

Total 66 4 20 62 

 

 

3.6.  Person-item map 

Mapping is a diagram that characterizes an individual's ability and item difficulty as a location on a 

latent variable (model/linear line) by placing individuals or items with high and low ability or difficulty with 

positive and negative values on the logits scale or parameter [19], which have uniform intervals, respectively 

[21]. The position of the person or item at the top of the scale or parameter logits indicates a person with high 

ability or an item with a high level of difficulty, while the position of the person or item at the bottom of the 

scale or parameter logits indicates a person with low ability or item with low difficulty level [22].  

Based on Table 5 and Figure 1, the distribution of respondents' responses is from a maximum logit 

of 6.01 to a minimum logit of -2.27, which is equivalent to 8.28, while the item response spread is from a 

maximum logit of 6.43 to a minimum logit of -6.47 which is equivalent to 12.90. Figure 1 also shows that 

items N43 and U39 are the items estimated with the highest level of difficulty (maximum measure) and items 

T1 and T36 are the items estimated with the lowest level of difficulty (minimum measure) in TeCAL. There 

are three people estimated to have the highest ability which are persons with entry numbers 151, 154, and 

155, and two people estimated to have the lowest ability which are persons with the entry numbers 37 and 52. 

Overall, TeCAL has item representation with various levels of difficulty such as easy, medium and difficult 

with persons and items involved scattered along the parameter logit depending on their respective difficulty 

abilities and levels. 

In addition, the item map can identify the gaps between students’ ability and item difficulty in the 

study. A noticeable gap should be calculated to define whether the gap is acceptable or not [21]. Figure 1 

shows that there were two item gaps between items N43, U49 and item U38, and items T1, T36 and item 

U22 with difference of 3.32 and 3.46 logit, respectively. These gaps are marked with blue upward-downward 

arrow. A noticeable person gap identified was marked with a red upward-downward arrow that is between 

persons with entry numbers 151, 154, 155 and 101,103 with a difference of 3.49 logit. Furthermore, there are 

four items; G65, U22, T1 and T36 with no representation of respondents in the study conducted marked with 

green upward-downward arrow. 
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Figure 1. Item-person representativeness 

 

 

4. CONCLUSION 

A newly developed instrument namely TeCAL needs to be emphasized on its psychometric 

characteristics to ensure that it has a good level of validity and reliability to guarantee its quality. Thus, RMM 

analysis was conducted on 66 items representing four main constructs, namely purpose, measurement, 

evaluation, and use. Findings showed that 48 of the original 66 items met the required psychometric 

characteristics, while 20 items were updated and four items were deleted. This updated TeCAL instrument 

should be used by researchers to identify teachers ’strengths in assessment literacy while implementing 

classroom assessment in schools. Stakeholders under the MoE can use these provided items as an option to 

measure the literacy level of teacher classroom assessment in schools based on the high validity and 

reliability of TeCAL and tested using RMM.  

Indirectly, this study can contribute to the development of teacher classroom assessment through the 

use of items from the four constructs of assessment literacy in a new context that refers to CAS and is based 

on the local situation in Malaysia. TeCAL is expected to reduce the dependence of measuring instruments 

from abroad, which are less suited to the local educational culture and frequently refer to the STECAS, which 

are less suited to current learning and assessment practices in Malaysia. The process of validation of these 

items is very important to facilitate stakeholders to identify the literacy level of teacher classroom assessment 

more accurately. Thus, teacher development programs can be planned more effectively through the analysis 

of the four constructs of teacher classroom assessment literacy in TeCAL. Teachers themselves as 

implementers can take more effective initiatives while implementing classroom assessment in schools. In 

addition, several initiatives using different statistical approaches such as structural equation modelling (SEM) 

and Rasch multidimensionality analysis can be conducted to add psychometric empirical evidence of items 

representing constructs in TeCAL. 
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