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‘Parallel and Perpendicular Lines’ is an important topic that serves as a 

basis for the learning of a more advanced geometric concept in later 

years. Yet, this topic is hard to master by the students. To pinpoint 

students’ weaknesses in this topic, this study sought to develop a 

cognitive diagnostic assessment (CDA) to assess students’ mastery of 

‘Parallel and Perpendicular Lines’. The validation of the CDA and the 

use of CDA in measuring students’ mastery of ‘Parallel and 

Perpendicular Lines’ was documented in this article. The content 

validation involved two subject matter experts, while the pilot test 

involved 154 Year Four students from Kedah state of Malaysia selected 

using cluster sampling. The experts' consensus on the relevancy of test 

items was captured by calculating the content validity index.  The 

psychometric properties of items and reliability of assessment were 

analysed based on Rasch Measurement Model. The validity of the 

assessment content was supported with an acceptable content validity 

index of 1.00 (>.80). The findings of Rasch analysis span across all 

ranges of abilities level and hence fit students’ competence well. With an 

acceptable person separation index of 1.58 (> 1.50), person separation 

reliability of .74 (>.70), and KR-20 coefficient of .78 (>.70), the CDA 

developed is reliable.  The findings of assessing students’ mastery level 

highlighted their weaknesses in defining the properties of perpendicular 
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lines and drawing perpendicular lines. The findings of this study would 

encourage practitioners to utilise it in the mathematics classroom for 

diagnosing students’ weaknesses and hence plan for remedial instruction. 

Introduction 

‘Parallel and Perpendicular Lines’ is an important topic included in elementary 

mathematics syllabi. This topic serves as a basis for learning more advanced geometric 

concepts such as triangles and quadrilaterals in later years (Mansfield & Happs, 1992; 

Ulusoy, 2016). Despite the importance of these topics, Clements (2003) found that this topic 

was difficult to be mastered by the students.  Even the students have learnt this topic since 

elementary school, Ulusoy (2016) reported that a huge number of them still failed to generate 

correct examples of parallel and perpendicular lines in middle schools. The students also 

confused the concept of parallel lines with perpendicular lines (Retnawati et al., 2017).  

Consequently, elementary school and middle school students were reported to have a higher 

tendency for failing to solve the geometry items compared to other domains in Trends in 

International Mathematics and Science Study 2019 (Mullis et al., 2020). The persistent errors 

made by the students in ‘Parallel and Perpendicular Lines’ could be due to the misconceptions 

held (Ulusoy, 2019, 2021). For example, Ulusoy (2016) found that students regarded 

parallelity as verticality. With this misconception, they failed to recognise the slanted parallel 

line pairs because they are not in a vertical position. Likewise, the students would also fail to 

state the properties of parallel lines due to the misconceptions held.  

To measure the Turkish Grade 7 students’ learning of ‘Parallel and Perpendicular Lines’, 

Ulusoy (2016, 2022) developed a test with the example generation tasks and the example 

determination tasks. The example generation tasks consisted of two sections. For the first 

section, the students were required to draw a pair of parallel lines and a pair of perpendicular 

lines on the square grid paper. For the second section, the students were required to draw line 

parallel or perpendicular to the eight lines given. Meanwhile, the example determination task 

only consists of one section. The students were required to determine whether the 11-line 

segment pairs shown in the grid paper are perpendicular or parallel. For both tasks, the 

students are required to provide a written justification for their answer given as follows: 

“These sections are … because …”. Although the test developed by Ulusoy (2016, 2022) has 

shown to be useful in revealing students’ thinking about the parallel and perpendicular lines, 

it might be less suitable to measure the elementary students’ understanding due to their 

limited language ability in justifying their thoughts.  

While classroom assessments play a predominant role in informing instructional practice, 

students’ mastery of parallel and perpendicular lines should be tapped into a set of sub-skills 

which contribute to the formation of the concept. In other words, the items developed should 

adhere to the cognitive models illustrating the sequence of related sub-skills acquisition. Yet, 

past studies (i.e., Marnizam & Ali, 2021; Nortvedt & Buchholtz, 2018) indicate that the 

current classroom assessments are mainly developed by the teachers based on the curriculum 

documents. Rather than measuring students' mastery of concept using sub-skill mastery, these 

assessments used percent score or grade as a unidimensional measure which indicates 

students’ competence on the concept being assessed. Thus, the available formative 

assessments have limited potential in providing detailed diagnostic information to teachers 

(Brendefur et al., 2018; Herrera et al., 2012).  

To support students’ learning of ‘Parallel and Perpendicular Lines’, it is crucial to pinpoint 
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students’ weaknesses and provide targeted instruction to rectify their academic deficiencies. 

In fact, determining students’ weaknesses might require the decomposition of learning goals 

into subskills required to solve the mathematical task (Philipp, 2017). With this regard, the 

cognitive diagnostic assessment (CDA) that emerges from the fusion of cognitive psychology 

and educational measurement (Alves, 2012) could be appropriate to pinpoint students’ 

weaknesses. Different from other assessments, the development and inference-making of 

CDA were guided by cognitive models which are commonly illustrated as hierarchically 

ordered subskills or attributes required to solve the mathematical tasks correctly (Roberts et 

al., 2014). Thus, the diagnostic information could be linked to students’ cognition.  

In view of its strength in locating students’ cognitive strengths and weaknesses, several CDAs 

have been developed in the past. Broaddus (2011) developed a CDA with multiple-choice 

items for the middle school mathematics topic, named ‘Slope’. In the elementary school 

context, Alves (2012) developed a CDA with a mixture of multiple-choice items and open-

ended items for diagnosing students’ cognitive strengths and weaknesses for ‘two-digit 

numeral subtraction'. Recently, the CDAs with open-ended items (Sia & Lim, 2018) and 

ordered multiple-choice items (Chin et al, 2021a; Chin et al., 2021b; Chin & Chew, 2022) for 

the topic of 'Time' have also been developed. 

Even though ‘Parallel and Perpendicular Lines’ has been reported as a difficult topic by 

Clements (2003), Retnawati et al. (2017) and Ulusoy (2016), there is a paucity of studies on 

the development of a diagnostic instrument for elementary students on this topic.  To fill the 

research gap, this study was conducted to develop and validate the CDA for the topic of 

“Parallel and Perpendicular Lines”.  While the learning of this concept is sequential (Szinger, 

2008), the development of CDA based on cognitive models which specify the skill mastery 

sequence would ensure the inference made could be mapped onto the students’ cognition. 

Hence, the development of CDA on “Parallel and Perpendicular Lines" would support 

teachers in obtaining rich feedback about students’ mastery of ‘Parallel and Perpendicular 

lines’ and align the instruction to support students’ needs. Rather than using the classical test 

theory (Alves, 2012; Chin et al., 2021a, 2021b; Chin & Chew, 2022) or the three-parameter 

logistic model item response theory (Brouddus, 2011), the CDA developed in this study was 

validated using Rasch Model which could produce the person-free and test-free ability 

estimates (Stemler & Naples, 2021). In other words, this study was conducted to fill the 

methodology gaps in the relevant literature. Besides that, this study also demonstrated the use 

of CDA in assessing students’ mastery of ‘Parallel and Perpendicular Lines’.  

Purpose of the Study 

This study aimed to develop a cognitive diagnostic assessment (CDA) for assessing students’ 

mastery of ‘Parallel and Perpendicular Lines’. Specifically, the validation of the CDA and the 

use of CDA in measuring students’ mastery of ‘Parallel and Perpendicular Lines’ was 

documented in this article. Following this, the research questions addressed in this study are: 

(1) To what extent are the items in the CDA relevant to the attribute intended to measure? 

(2) To what extent do the items fit the students’ competence for ‘Parallel and 

Perpendicular Lines’? 

(3) To what extent is the discrimination power of the items appropriate? 

(4) To what extent is the CDA reliable? 

(5) What is the student’s mastery of ‘Parallel and Perpendicular Lines’? 
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Method 

Research Design 

The study was conducted by adopting a four-step instrument development approach 

that involved (i) concept identification; (ii) item construction; (iii) validity testing and (iv) 

reliability testing (Davis, 1996). In this study, concept identification involved specifying the 

attributes intended to measure. This was followed by item construction. Upon the completion 

of item construction, validity testing, and reliability testing were conducted through expert 

review and field testing based on a cross-sectional research design. This is because the 

validity and reliability of the assessment could be determined based on the data that only 

needed to be collected at a specific time point. 

Participants 

The validity and reliability testing involved both subject matter experts and students. 

The expert review of instrument content involved an experienced mathematics teacher 

teaching in the national primary school and a mathematics instructional coach from the 

education district office. The two subject matter experts have a minimum of 10 years of 

mathematics teaching experience. Thus, they have a sufficient understanding of the 

mathematics curriculum in primary school. 

The field test of the instrument involved 1069 Year Four students with an average age of 10 

years old from 51 national primary schools in Kedah, Malaysia. These students had been 

introduced to various types of angles (i.e., acute angles, obtuse angles, right angles, and 

straight angles) as the pre-requisite skills before being exposed to the concepts of parallel and 

perpendicular lines. The sample was selected using two-stage cluster sampling. The sample 

selection process begins with selecting 51 schools in Kedah state, followed by selecting one 

class of students as the participant from the selected school. Since the 51 selected schools do 

not practice class streaming, the sample of this study consisted of participants with various 

ability levels. The demographic information of the participants is presented in Table 1. 

Table 1. Demographic Information of Participants   

Ethnicity 

Gender 

Total Male Female 

Malay 484 (45.28%) 542 (50.70%) 1026 (95.98%) 

Indian 11 (1.03%) 28 (2.62%) 39 (3.65%) 

Others 1 (0.09%) 3 (0.28%) 4 (0.37%) 

Total 496 (46.40%) 573 (53.60%) 1069 (100.00%) 

Research Instrument 

The data of this study was collected using the CDA developed in this study. The 

development of CDA begins with analysing the mathematical tasks (Akbay et al., 2018; Tang 

et al., 2020) in the mathematics textbook to specify the cognitive attributes involved in (i) 

recognizing parallel and perpendicular lines; and (ii) drawing parallel and perpendicular lines. 

Then, the researchers constructed the test items to measure the 10 attributes identified. The 

relevant tasks in the mathematics textbook were adapted into multiple-choice items. To 

improve the measurement precision, three parallel items were constructed for measuring each 

attribute. Thus, the CDA consisted of 30 multiple-choice items. The table of specifications of 

the CDA is shown in Table 2. After the item construction, the test items were translated into 

the Malay Language by a Malay native speaker with good English proficiency and a 
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sophisticated understanding of the elementary mathematics curriculum, to match the 

instruction medium of mathematics lessons in National Primary Schools. Then, the translated 

test items and corresponding answer keys were added to the Google Form. 

Table 2. Table of Specifications 
Attributes Intended to Measure Items 

A1:   State the properties of parallel line Q1, Q2, Q3 

A2:   State the lines with the distance which are always equal each other Q4, Q5, Q6 

A3:   State the parallel lines.   Q7, Q8, Q9 

A4:   State the properties of the perpendicular lines Q10, Q11, Q12 

A5:   State the lines which intersect with each other at a right angle. Q13, Q14, Q15 

A6:   State the perpendicular lines.   Q16, Q17, Q18 

A7:   State the procedure of drawing parallel lines using a set square and  

 ruler correctly 

Q19, Q20, Q21 

A8:   Draw the parallel lines using a set square and ruler correctly Q22, Q23, Q24 

A9:   State the procedure of drawing perpendicular lines using a set   square 

 and ruler correctly 

Q25, Q26, Q27 

A10:  Draw the perpendicular lines using a set square and ruler correctly Q28, Q29, Q30 

Data Collection 

The data collection was conducted in two stages. The first stage of the study involved 

content validation. The two subject matter experts were invited to validate the CDA 

developed in an online workshop. During the workshop, the table of specifications, the CDA, 

and the validation form were given to each subject matter through email. Then, clear 

instructions were given to the subject matter experts to rate the relevancy of the items to the 

attributes intended to measure on the validation form with a five-point Likert Scale: Rating 1 - 

Not Relevant; Rating 2 - Less Relevant; Rating 3 - Relevant; Rating 4 - Quite Relevant; and 

Rating 5 - Very Relevant. 

During the second stage of the study, the CDA was administered to the participants by their 

mathematics teacher through the Google Form prepared by the researchers. The students were 

given 60 minutes to complete the CDA during their online mathematics lesson. The students 

were requested to answer the assessment individually without consulting their family 

members. After the test administration, the researchers extracted students' responses from the 

database and coded the responses into dichotomous scores using Microsoft Excel 2019 based 

on the answer key. 

Data Analysis 

To address Research Question 1, the ratings given by the subject matter experts were 

collapsed into two categories using Microsoft Excel 2019. Ratings 1 and 2 were categorized 

as 'irrelevant' and were coded as '0', while Ratings 3, 4, and 5 were categorized as 'relevant' 

and were coded as '1'. Then, the item-level content validity index (I-CVI) was calculated as 

the average of dichotomous codes derived from the rating given by each validator on the 

relevancy of each item. To capture the overall consensus of validators on the relevancy of 

items constructed on the attributes intended to measure, the scale-level content validity index 

(S-CVI) was calculated as the average of I-CVI (Polit & Beck, 2006). Then, the S-CVI was 

interpreted based on the cut score proposed by Polit and Beck (2006). 

To address Research Question 2, Rasch analysis was conducted using Winsteps (Linacre, 

2012). The data analysis begins with checking the two main assumptions of the Rasch model: 

(i) unidimensionality of the measured trait and (ii) local independence, by performing the 
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principal component analysis (PCA) of the Rasch residuals and examining the correlations of 

the residuals respectively. The items are local independent if the correlations are at most .70 

(Linacre, 2012). The measured trait is unidimensional if the following criteria was satisfied: 

(1) variance explained by measure is more than 20 percent (Reckace, 1979).   

(2) the eigenvalue of the largest secondary dimension is less than 3.00 (Linacre, 2012) 

(3) the unexplained variance of the largest dimension is less than 15.00 percent (Fisher, 

2007) 

 

Then, the item fit was determined based on the fit statistics such as ‘inlier-sensitive or 

information-weighted fit’ (infit) and ‘outlier-sensitive fit’ (outfit) (Linacre, 2012) computed 

using Winsteps. The infit statistics are sensitive to discrepancies of responses on the items 

with difficulty close to students’ ability (Tavakol & Dennick, 2013). The items would be 

flagged if the items were wrongly answered by the students with an ability equivalent to the 

difficulty measure of the items. Thus, infit reflects the construct validity of the test (Alkhadim 

et al., 2021). The outfit statistic is sensitive to the discrepancies of responses on the items with 

difficulty far away from students’ ability due to carelessness or guessing. For example, the 

easy items would be flagged if they are answered wrongly by high-performing students. 

Likewise, the difficult items would be flagged if they are answered correctly by low-

performing students due to guessing. Thus, outfit provides information on items which is 

potentially affected by factors such as guessing or carelessness.  

The fit statistics are commonly presented in the mean of squared residuals (MNSQ) and z-

standardised of mean square values (ZSTD) (Bond & Fox, 2007). MNSQ is the sample size-

independent indicator that describes the size of discrepancies whereas ZSTD is the sample-

size-dependent indicator that describes the significance of the fit. With a large sample size, 

ZSTD could be ignored because substantive misfits might be small (Linacre, 2002). Thus, the 

item fit was only evaluated based on the MNSQ of infit and outfit based on the interpretation 

guideline [0.70 ≤MNSQ≤1.30] proposed by Linacre (2012) for non-high stakes assessment. 

To provide additional information on the match or mismatch of the item difficulty and 

students’ ability, the Wright Map was generated using Winsteps. Besides that, the item 

separation and item reliability were analysed based on the cut score (i.e., item separation > 3; 

item reliability > .90) proposed by Linacre (2012) to provide validity evidence on the item 

difficulty hierarchy of CDA.  

To address Research Question 3, the item discrimination index was calculated using 

Winsteps. While point-biserial correlation is commonly used as the item discrimination index 

for CTT, the partial correlation of each item with the total measure (PTCOR) was computed 

as the item discrimination index for Rasch Model. Then, the test items were categorised into 

three categories based on the guidelines suggested by Hassan and Hod (2017)]: (i) poor 

(PTCOR <.15); (ii) fair (.15 ≤ PTCOR < .25); and (iii) good (PTCOR ≥ .25).  

To address Research Question 4, Kuder-Richardson 20 (KR-20) coefficient was calculated 

using Microsoft Excel 2019 to measure the reliability of the CDA which is dichotomously 

scored. Then, the reliability of the CDA was analysed based on the common rule of thumb 

(i.e., KR-20 ≥ .70) which is suggested by Thompson (2010). Besides that, person separation 

and person reliability indices computed using Winsteps provide additional reliability evidence 

for the CDA developed. According to Fisher (1992), the assessments are considered reliable if 

the person separation is higher than 1.50 and the person reliability is higher than .70.  

To address Research Question 5, descriptive analysis was used to profile students’ attribute 
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mastery after determining the person’s ability and item difficulty using WINSTEPS based on 

the following formula: 

 𝑃(𝑋𝑚 = 1|𝜃𝑛, 𝛿𝑖) =
𝑒𝜃𝑛−𝛿𝑖

1+𝑒𝜃𝑛−𝛿𝑖
 (1) 

where P(X_m=1│θ_n,δ_i ) is the probability that an examinee n (n= 1, …, N) with ability θ_n 

to answer item i (i = 1, …, I) with difficulty δi correctly (Rasch, 1960). Based on the Rasch 

model, the probability of the students answering the item correctly is more than .50, if his or 

her ability estimate is higher than the item difficulty. Since each attribute was measured using 

three items in this study, the complexity of the attribute is operationalised as median item 

difficulty in the Rasch model. Following this, the probability of students for mastery of the 

attribute is more than .50 if the ability estimate is higher than the attribute complexity in the 

Rasch model. According to Bradshaw (2017), the students are considered to master the 

attribute if the probability of attribute mastery is more than .50. Thus, the proportion of 

students who have mastered the attribute is operationalised as the proportion of students with 

the ability estimated higher than median item difficulty. The proportion of students who have 

mastered the attribute is computed using Excel based on the item difficulty and person ability 

measure estimated in Winsteps.   

Results 

To what extent are the items in the CDA relevant to the attribute intended to 

measure? 

The result of content validation is tabulated in Table 3. As shown in Table 3, most of the 

items (19 out of 30 items; 63.33 %) were rated as very relevant by the two experts. While all 

items were rated as relevant (rating 3), quite relevant (rating 4), or very relevant (rating 4), the 

two experts reached a full consensus on the item’s relevancy with an I-CVI of 1.00. In other 

words, all items in the CDA are relevant to the attribute intended to measure. With S-CVI 

exceeding the minimum threshold of .80 (Polit & Beck, 2006), the content of the CDA is 

valid. 
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Table 3. Item Relevance, Item Fit Statistics, and Item Discrimination Analysis 
 Item Relevance  Item Difficulty  Item Fit Statistics  Item Discrimination Analysis 

 Ratings  Dichotomous Code 

 I-CVI 

 Measure S.E.  Infit Outfit  Point-Measure Correlation Discrimination 

Item Expert 1 Expert 2  Expert 1 Expert 2  (Logit) (Logit)  MNSQ MNSQ  (PTCOR) Power 

Q1 5 5  1 1  1.00  -1.24 0.11  1.08 1.51  0.14 Poor 

Q2 5 5  1 1  1.00  2.79 0.08  1.23 1.66  0.38 Good 

Q3 5 5  1 1  1.00  -0.41 0.09  1.02 1.12  0.29 Good 

Q4 5 5  1 1  1.00  -2.17 0.16  0.99 0.73  0.17 Fair 

Q5 5 5  1 1  1.00  -0.96 0.10  1.08 1.08  0.19 Fair 

Q6 5 5  1 1  1.00  2.63 0.08  1.10 1.25  0.47 Good 

Q7 5 5  1 1  1.00  -0.87 0.10  1.01 0.86  0.26 Good 

Q8 5 4  1 1  1.00  -0.43 0.09  0.96 0.81  0.34 Good 

Q9 5 5  1 1  1.00  0.17 0.08  0.92 0.83  0.42 Good 

Q10 4 5  1 1  1.00  -0.22 0.08  1.03 0.99  0.30 Good 

Q11 5 5  1 1  1.00  1.49 0.07  1.11 1.13  0.41 Good 

Q12 5 5  1 1  1.00  1.18 0.07  1.12 1.12  0.38 Good 

Q13 4 5  1 1  1.00  -0.17 0.08  0.99 0.87  0.35 Good 

Q14 4 5  1 1  1.00  -0.76 0.10  1.06 1.14  0.22 Fair 

Q15 4 5  1 1  1.00  -0.02 0.08  1.07 1.13  0.30 Good 

Q16 5 5  1 1  1.00  -0.23 0.08  0.90 0.72  0.40 Good 

Q17 5 5  1 1  1.00  -0.75 0.10  0.95 0.75  0.32 Good 

Q18 5 5  1 1  1.00  1.11 0.07  1.02 1.00  0.44 Good 

Q19 3 5  1 1  1.00  -0.44 0.09  0.90 0.78  0.37 Good 

Q20 3 5  1 1  1.00  -0.47 0.09  0.88 0.71  0.39 Good 

Q21 3 5  1 1  1.00  -0.31 0.08  0.87 0.69  0.41 Good 

Q22 5 5  1 1  1.00  -0.93 0.10  0.95 0.96  0.28 Good 

Q23 5 5  1 1  1.00  0.10 0.08  0.97 1.02  0.37 Good 

Q24 5 5  1 1  1.00  0.50 0.07  0.93 1.02  0.43 Good 

Q25 3 5  1 1  1.00  -1.43 0.12  0.96 0.84  0.24 Fair 

Q26 3 5  1 1  1.00  -0.78 0.10  0.89 0.69  0.35 Good 

Q27 3 5  1 1  1.00  -0.82 0.10  0.91 0.92  0.32 Good 

Q28 5 5  1 1  1.00  0.21 0.08  0.95 0.94  0.40 Good 

Q29 5 5  1 1  1.00  1.63 0.07  0.98 1.01  0.50 Good 

Q30 5 5  1 1  1.00  1.61 0.07  1.05 1.11  0.45 Good 

     Mean  1.00 (S-CVI)  0.00 0.09  1.00 .98    
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To what extent do the items fit the students’ competence for ‘Parallel and 

Perpendicular Lines’? 

Before performing the item analysis, a principal component analysis of Rasch 

residuals was performed to determine the dimensionality of the data. The result of the analysis 

is reported in Table 4. In this study, the Rasch model explained 29.30 percent of the empirical 

data. It almost matches the expected variance explained (26.70%). The largest secondary 

dimension (i.e., the first contrast of the residual) contributed to 6.50 percent of explained 

variance. With the size of 2.80 (≈3.00) eigenvalue units, the CDA consisted of three items 

measuring an alternative contrast. Since the variance explained by measure is more than 20 

percent, the eigenvalue of the largest secondary dimension is less than 3.00 and the 

unexplained variance of the largest dimension is less than 15.00 percent, the CDA developed 

satisfied the unidimensionality assumption for Rasch analysis (Fisher, 2007; Linacre, 2012; 

Reckace, 1979). 

Table 4. Result of Principal Component Analysis of Rasch Residuals 
Standardized Residual variance Eigenvalue units Empirical  Modelled 

Total raw variance in observations 42.40 100.00%  100.00% 

Raw variance explained by measures 12.40 29.30%  26.70% 

Raw variance explained by persons 4.70 11.10%  10.10% 

Raw variance explained by items 7.70 18.20%  16.60% 

Raw unexplained variance (total) 30.00 70.70% 100.00% 73.30% 

Unexplained variance in 1st contrast 2.80 6.50% 9.20%  

To check the item dependency assumption, the standardized Rasch residuals of items were 

correlated with each other. The largest standardized residual correlations were as listed in 

Table 5. Item pair Q19 and Q20 has the largest residual correlation of .70. This indicates all 

item pairs are at most .70. Hence, the items in CDA are not locally dependent and the CDA 

developed satisfied the item dependency assumption of Rasch analysis (Linacre, 2012). 

Table 5. The Largest Standardized Residual Correlations between Item Pairs  
Item pair Residual Correlation 

Q19 - Q20 .70 

Q26 - Q27 .64 

Q25 - Q27 .47 

Q19 - Q21 .43 

Q20 - Q21 .38 

Q25 - Q26 .38 

Q16 - Q17 .33 

Q5 - Q7 .31 

Q5 - Q14 .25 

Q7 - Q14 .25 

To evaluate the fit of each item and students’ competence in accordance with the Rasch 

model, the fit statistics are calculated. As shown in Table 3, the infit MNSQ of the CDA items 

ranged from 0.87 to 1.23. With the infit MNSQ within the acceptable range of 0.70. to 1.30 

(Linacre, 2012), the CDA could provide a valid measurement of students’ understanding of 

parallel and perpendicular lines. The outfit MNSQ of the CDA items \ranged from 0.71 to 

1.66. The outfit MNSQ of most of the CDA items falls within the acceptable range of 0.70 to 

1.30 (Linacre, 2012), except Item Q1, Item Q2, Item Q21, and Item Q26. With outfit MNSQ 

exceeding 1.30, the student’s responses on items Q1 and Item Q2 underfit the Rasch model 

(Linacre, 2012). With outfit MNSQ slightly lower than .70, the students’ responses on items 
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Q21 and Item Q26 overfit the Rasch model (Linacre, 2012).  

In Rasch analysis, the item difficulty was measured in logits. The smaller the value, the easier 

the test item. To compare the hierarchy of item difficulty and ability estimates, the two 

parameters were calibrated on the same scale using Wright Map. As shown in Figure 1, the 

item difficulty measures spread about 5 logits (range: -2.17 to 2.79), while the person ability 

measures span about 7 logits (range: -1.71 to 5.36). Since the minimum item difficulty 

measure (-2.17 logits) is lower than the minimum person measure (-1.71 logits), the CDA 

developed consists of an item [i.e., Item Q2] which is too easy for the students. In other 

words, the majority of the CDA items match the abilities estimates. Thus, the item difficulty 

level of CDA is appropriate, and the item fits well with the student's competence. With an 

item separation index which is more than 3.00 (i.e., 12.44) and item reliability which is more 

than .90 (i.e., .99), the CDA developed can be categorised into at least three levels of 

difficulty based on the student’s competence. 

 

Figure 1. Wright Map 
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To what extent are the discrimination power of the items appropriate? 

The item discrimination index (PTCOR) of each item is tabulated in Table 3. The 

PTCOR of the items in the CDA developed ranged from .14 to .50. This indicates that the 

CDA consisted of the items in all three discrimination levels, namely poor (PTCOR <.15), 

fair (.15 ≤ PTCOR < .25), and good (PTCOR ≥ .25) (Hassan & Hod, 2017). As shown in 

Table 3, most of the items have good (83.33%) or fair discrimination power (13.33%). There 

is only one poor discrimination item [i.e., Item Q1] in the CDA with a PTCOR of .14.  

To what extent is the CDA reliable? 

The reliability of the assessment is examined based on the person separation index, 

person separation reliability and KR-20. With a person separation index that is more than 1.50 

(i.e., 1.68) and a person reliability index that is more than .70 (i.e., .74), the CDA developed is 

sufficient in separating the participants into two performance levels (Fisher, 1992). The KR-

20 coefficient of the CDA is .78. Since the CDA was not developed as a high-stake 

examination, the reliability coefficient was accepted if the reliability coefficient surpassed the 

common rule of thumb (i.e, KR-20 ≥ .70) which is suggested by Thompson (2010). In fact, 

the KR-20 of the CDA developed is higher than the proposed reliability coefficient range for 

teacher-made assessment (i.e., .50 ≤ KR-20 ≤.60) as reported in the study conducted by 

Quaigrain and Arhin (2017). 

What is the students’ mastery of ‘Parallel and Perpendicular Lines’? 

The CDA was developed to examine students’ mastery of five attributes on ‘Parallel 

Lines’ and 5 attributes on ‘Perpendicular Lines’. The student’s mastery of each attribute is as 

tabulated in Table 6. Most of the attributes have been mastered by at least 90 percent of 

students. Attribute A2 is the simplest attribute. With an attribute complexity of -0.96, attribute 

A2 has been mastered by nearly all students (99.91%). The two attributes with a proportion of 

students' mastery less than 90 percent are Attribute A4 and A10. With an attribute complexity 

of 1.18, attribute A4 has been mastered by 59.87 percent. With an attribute complexity of 

1.61, attribute A10 has been mastered by 40.69 percent. 

Notably, these two attributes are related to the content domain on ‘Perpendicular Lines’. In 

other words, all attributes on ‘Parallel Lines’ has been mastered by at least 90 percent of 

students, but only three out of five attributes on ‘Perpendicular Lines’ has been mastered by at 

least 90 percent of students. The findings indicate that concept of ‘Perpendicular Lines’ could 

be more difficult to grasp compared to ‘Parallel Lines’.  

Table 6. Students’ Attribute Mastery 

Attribute  

Attribute Complexity [Median δi  

for each attribute] 

Proportion of Students Mastered the Attribute 

[P(θn> Median δi for each attribute)] 

Parallel Lines   

A1 -0.41 99.25% 

A2 -0.96 99.91% 

A3 -0.43 99.25% 

A7 -0.44 99.25% 

A8 0.1 90.08% 

Perpendicular Lines   

A4 1.18 59.87% 

A5 -0.17 96.07% 

A6 -0.23 96.07% 

A9 -0.82 99.81% 

A10 1.61 40.69% 
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Discussion and Conclusion 

In this study, a CDA has been developed for assessing the student’s mastery of 

‘Parallel and Perpendicular Lines’. The findings indicate that CDA developed was supported 

with convincing content validity evidence. This is supported by Haladyna and Rodriguez 

(2013) because the use of test specifications to guide the assessment development would 

ensure the content validity of the assessment. In general, the items developed fit the students’ 

competence well, except for the Item Q1, Item Q2, Item Q21, and Item Q26.  

The findings indicated that the student’s responses on items Q1 and Item Q2 were under fitted 

the Rasch model (Linacre, 2012). In other words, the student's responses were unpredicted for 

these items. This could be due to random guessing or careless mistake made in answering the 

items (Bond & Fox, 2007). Items Q1 and Q2 are the true/false items related to the properties 

of parallel lines. With mean students’ ability (1.45 logit) higher than item difficulty (-1.24 

logit), item Q1 is considered as easy for most of the students. However, the item is flagged as 

a misfit because there are unpredicted responses which might be due to students' carelessness 

in answering the item.  With item difficulty (2.79 logits) higher than mean students' ability 

(1.45 logits), item Q2 is considered difficult for most of the students. Most of the students 

failed to recognise the false statement (i.e., the length of parallel lines is equal). Due to the 

misconception of parallel lines. However, some of the students with an ability estimated less 

than 2.79 logits answered the items correctly due to guessing.   

The findings indicated that the student’s responses on items Q21 and Item Q26 overfit the 

Rasch model (Linacre, 2012). In other words, the student’s responses for items Q21 and Q26 

are slightly too predictable. This could be due to a small extent of the local dependence on the 

items (Baghaei, 2008). In this study, Item Q19, Item Q20, and Item Q21 measured students' 

understanding of the three steps in drawing a pair of parallel lines. Meanwhile, Item Q25, 

Item Q26, and Item Q27 measured students' understanding of the three steps in drawing a pair 

of perpendicular lines. Whilst each item corresponds to each step, standardized residuals of 

response for item Q21 are correlated with item Q19 and item Q20. Likewise, the standardized 

residuals of response for item Q26 are correlated with items Q25 and 19(iii). Nonetheless, the 

local dependence is not significant because the correlations are less than .70 (Linacre, 2012). 

Thus, the outfit MNSQ (.69) was still very near the low limit of the acceptable range (i.e., 

.70).   

Since the items in CDA, these items spanned across all difficulty ranges they can discriminate 

the high-performing students and low-performing students well. Nonetheless, there is an item 

(i.e., item Q1) with a poor discrimination index. With item difficulty (-1.24 logit) lower than 

the mean person ability (1.45 logit), Item 1(i) could be an easy item for most of the students. 

Yet, it is flagged as misfit items due to the presence of unpredicted responses rooted in the 

guessing of students with ability estimates lower than item difficulty. Although the CDA has 

a very easy item (i.e., Item Q1) with poor discrimination power, Rush et al. (2016) argued that 

the item could be retained if it is intentionally developed to assess a simple skill. In this study, 

Item Q1 was developed to assess students' understanding of the basic property of parallel 

lines. Regardless of ability level, the students could state that the distance between a pair of 

parallel lines is equal because it is the most basic properties of parallel lines which can be 

directly observed in any pair of parallel lines. 

To ensure the valid use of the CDA, a reliability study was conducted. The findings indicated 

that the CDA developed was reliable to be used for assessing students’ mastery of ‘Parallel 

and Perpendicular Lines’. Even though the CDA developed was not high-stakes assessments, 
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the CDA developed was more reliable than the teacher-made assessment reported in the study 

conducted by Quaigrain and Arhin (2017). This could be due to the multiple items used to 

measure each attribute (Gierl et al., 2009). In this study, each attribute was measured using 

three items. This would increase the precision of the measurement, and hence increase the 

reliability of CDA.  

To illustrate the use of CDA developed, the student’s mastery of ‘Parallel and Perpendicular 

Lines’ was also reported in this study. In general, most of the attributes of “Parallel and 

Perpendicular Lines” have been mastered by the Grade Four students. The finding was 

supported by the study conducted by Ulusoy (2021). This is because the implementation of 

the instruction followed the developmental phase of parallel and perpendicular concepts 

suggested by the Van Hieles’ Theory (1986). Notably, this study reveals that the concept of 

‘Perpendicular Lines’ could be more difficult to grasp compared to ‘Parallel Lines’. This is in 

line with the study conducted by Paksu and Bayram (2019), as well as Ulusoy (2016). This 

might be due to the misconceptions held by the students in the learning of perpendicular lines 

compared to parallel lines (Ulusoy, 2016). They might treat the non-examples as examples of 

perpendicular lines. While defining geometric properties involves the generalisation of 

examples (Park & Kim, 2017; Yao & Manouchehri, 2019), students with misconceptions 

might make false claims about the properties of perpendicular lines.  Without adequate 

knowledge of perpendicular lines, they might fail to draw perpendicular lines correctly. 

In sum, the validity claims of the CDA developed in this study were supported with 

convincing content validity evidence, as well as satisfactory item psychometric properties and 

assessment reliability. This would encourage the teachers to utilise it in the mathematics 

classroom to diagnose students’ mastery of attributes on parallel and perpendicular lines. 

Based on the detailed diagnostic information, the teachers could plan for remedial instruction 

to support the students' learning of parallel and perpendicular lines. 

Notably, it is reported that the students had poor mastery in defining the properties of 

perpendicular lines and drawing perpendicular lines. According to Park and Kim (2017), 

defining properties of geometric shape begin with recognizing the visual appearance of the 

geometric figure, followed by describing the perceptually sensed properties of the figure, 

determining the local commonalities of the examples, and expressing generalities of the 

examples. To avoid over-generalisation and under-generalization which might lead to 

misconceptions, the teachers are encouraged to engage the students in comparing more 

sophisticated examples of perpendicular lines. As such, the students would have a better 

understanding of the concept of perpendicular lines. 

Limitations and Suggestions 

This study was subjected to several limitations. Firstly, the findings of the study could be less 

representative due to a limited sampling frame. Secondly, the items developed could be 

subjected to bias in terms of gender and ethnicity. This is because the group differences such 

as gender and ethnicity might lead to different item functioning (DIF) (Liu et al, 2019; Oliveri 

et al., 2018). Thus, future studies are suggested to be conducted with a larger sampling frame. 

Besides that, differential item functioning should be evaluated to avoid ethnicity bias. 
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