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Abstract

Background: This study investigated the psychometric properties of the recently
developed Qiyas for L1 Arabic language test using a Rasch measurement framework.

Methods: Responses from 271 examinees were analyzed in this study. The test is
hypothesized to involve one dominant factor that assesses four skills: reading
comprehension, rhetorical expression, structure, and writing accuracy.

Results: Fit statistics and reliability analysis, principal component analysis of Rasch
residuals, and the results of differential item functioning supported the hypothesized
structure of the Qiyas for L1 Arabic language test. However, the results of a person-
item map analysis suggested that the content aspect validity of the Qiyas for L1
Arabic language test lacked representation to some extent.

Conclusion: The initial findings of the Rasch analysis indicated that the Qiyas for L1
Arabic language test maintains satisfactory psychometric properties. However, these
findings should be interpreted with caution given the limitations of the sample
population used. Continued investigation of the psychometric proprieties of the test
is necessary to ensure its appropriate use as a tool of assessment for modern Arabic
language.

Keywords: Language testing, Arabic language test, Rasch model, Differential item
functioning

Introduction
The Qiyas for L1 Arabic language test is a standardized test recently developed by the

National Center for Assessment (NCA) in Riyadh, Saudi Arabia. The lack of and need

for a high-quality measurement tool that produces dependable estimations of the

language skills of L1 speakers in the Arab world motivated the NCA to pioneer the

development of such a test. The Qiyas for L1 Arabic language test is hypothesized to

involve one dominant factor that assesses four skills: reading comprehension, rhe-

torical expression, structure, and writing accuracy. The test was developed primarily

for the purpose of selection, where the intended population is people seeking jobs in

schools, public relations, TV, radio stations, or other types of local or international

communication that use modern Arabic as the main language. In addition, the test

serves as a tool for selecting students for Arabic language programs in universities

and/or programs that require higher language skills, like Islamic studies and law, and
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for diagnostic purposes, including placement of students at an appropriate level in

university-level Arabic language programs and course waivers from some Arabic courses.

Such language skills are expected to have been acquired by the targeted population

throughout their education. The ultimate purpose of the Qiyas for L1 Arabic language test

is to serve as a standardized tool that assesses modern standard Arabic language skills,

not only in Saudi Arabia but throughout the Arab world. Because of its widespread use, it

is critical that the NCA, as the developer and owner of this test, ensures that the Qiyas

for L1 test maintains adequate psychometric properties.

One step of test construction and development is to check the quality of test items,

to be sure they are functioning as expected. This process is called reliability and validity

analysis. At this stage of development, test developers usually select and use stringent

measurement models suited to the type of responses on the test. The purpose of this

process is to ensure that the data under study are appropriately handled before valid-

ation takes place. The existing practice of the NCA in the field-testing stage involves

the use of item response theory measurement models (IRT), in particular, a

three-parameter logistic model that calibrates test items, generates item parameters,

checks their appropriateness, and then utilizes the best item parameters to construct

the test. This 3-IRT model requires a sample size of at least 1000 people to ensure suf-

ficient and accurate stability in item parameter estimation (e.g., Lord 1980; Hutten

1981). Inaccuracy in item parameter estimation can affect the measurement invariance

property of the IRT, which, in turn, would call into question test-score validation (de

Jong and Stoyanova 1994). Such was the case for this specific Qiyas for L1 Arabic lan-

guage test in its first field-testing implementation, which involved only 271 people;

thus, a more robust and suitable IRT model is needed to validate this form. In this

study, Rasch measurement was selected as the model of choice. One advantage of using

this model over other IRT models is that it is usable and applicable with small sample

sizes, while maintaining strong and restrictive assumptions. For instance, a sample size

of between 25 and 50 subjects per response category is adequate to achieve stable and

accurate item parameters when analyzing dichotomous data with the Rasch model

(Linacre 1994). Rasch models have been used for validation purposes in the area of

language testing since the early 1980s. For instance, De Jong used the Rasch model to

assess the validity of a language test (De Jong 1983; McNamara and Knoch 2012).

Nakamura (2007) also examined the psychometric properties of an in-house English

placement test with the Rasch model. However, the NCA has not commonly used the

Rasch model for test-validation purposes during the field-testing stage; to date, applica-

tion of the model has been largely limited to in-house technical measurement reports,

such as test equating and test bias. Accordingly, the purpose of this study was to illus-

trate the usability and applicability of the Rasch measurement framework during field

testing. The objective of the study was to examine the psychometric properties of the

field-testing version of the Qiyas for L1 Arabic language test using the Rasch model.

Specifically, this study asked the following research question: Does the field-testing ver-

sion of the Qiyas for L1 Arabic language test exhibit adequate psychometric properties

according to the Rasch measurement framework?

To answer this question, quantitative analysis within the framework of Rasch

measurement was conducted. The model is briefly introduced below, before the

analysis is discussed.
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The Rasch model

The Rasch model is an item-response model that provides a linear transformation of

the ordinal raw scores to a linear logit scale (Boone, Staver, and Yale 2014). More spe-

cifically, Rasch measurement specifies the relationships between people and items on a

test that measures one trait at a time, that is, the likelihood of a person’s success will

increase as the measurement of a trait increases. Conversely, the likelihood of failure

increases when the trait is less measured. With the Rasch model, only the interaction

between the person’s position on the underlying ability being measured by a test

and item difficulty are modeled. The model is expressed mathematically as follows

(De Ayala 2009):

p xj ¼ 1jθ; δ j
� � ¼ e θ−δ jð Þ

1þ e θ−δ jð Þ ; ð1Þ

where p(xj = 1| θ, δj) is the probability of the response of 1, θ is the person location, δj
is the item j’s location, and e is a constant number whose value is 2.7183. In other

words, Eq. 1 states that the probability of a person getting a correct response 1 on item

j is a function of the distance between a person located on θ and the item located at δ.

Unlike other IRT models that focus on fitting the data given the constraints of the

model, the Rasch model focuses on constructing the variable of interest (Andrich 1988;

Wright and Masters 1982; Wright and Stone 1979). According to this perspective, the

Rasch model represents the standard by which one can create a test for measuring the

variable of interest; thus, the test data must meet this standard. The Rasch standard

has an additive measurement form, where adding one more unit (defined by the logit

value) adds the same extra amount regardless of how much was already there (Linacre

2012a, 2012b). However, the Rasch model requires that certain assumptions that

must be met; not meeting those assumptions can compromise the usefulness of

the model. These assumptions include unidimensionality, local independence, paral-

lel item characteristic curves (ICCs), and measurement invariance. Unidimensional-

ity assumes that the test data measure one ability or trait at a time (e.g., verbal

ability). This assumption is never completely met; however, the presence of a dom-

inant trait that influences the performance of the examinee on a test is necessary

and can be met. Local independence is a related assumption that states that when

a specified ability (e.g., verbal ability) influencing the performance of the examinee

on a test has been partialled out, the responses of the examinee to any pair of

items are statistically independent. The assumption of local independence can be

met as long as the complete ability space has been accurately specified. It has been

previously shown that if the assumption of unidimensionality is met, unidimension-

ality and local independence can be viewed as interchangeable concepts (Lord

1980; Lord and Novick 1968).

Another important assumption that is unique to and required by only the Rasch

model is that test items that have ICCs must not intersect. Restrictions on item

discrimination have made it difficult for some test data to fit expectations of the

Rasch model unless discrimination indices are chosen to be equal (Birnbaum

1968). Stage (1996) also found it difficult to fit the Rasch model to some test data.

Additionally, a study by Leeson and Fletcher (2003) has also shown evidence
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consistent with the findings of Birnbaum (1968) and Stage (1996). On the other

hand, studies conducted by Wright and Panchapakesan (1969), Dinero and Haertel

(1977), and Hambleton and Cook (1978) have indicated that the Rasch model is

robust to heterogeneous item discrimination, that is, variation in item discrimi-

nation indices has little impact on the fit of the Rasch model. Measurement invari-

ance is another property that is required by the Rasch model. This property

assumes that a person’s ability can be estimated independently of items on a par-

ticular test and that item indices can be estimated independently of the specific

sample of people taking the test. Another feature of the Rasch model that distin-

guishes it from other unidimensional IRT models is that the total score provides

sufficient statistics to model the data of interest. With the Rasch model, the total

score contains all the information needed to estimate θi (Wright 1984; de Ayala

2009). The total score is sufficient for Rasch model estimation, but only if fit sta-

tistics conform to model expectations. Moreover, researchers can establish

construct-related validity evidence if the data meet the requirements of the Rasch

model. The Rasch model provides researchers with quality-control fit statistics and

a principal component analysis of residuals (PCAR) that can be used to evaluate

the internal structure of test scores. The outcome informs the researcher as to

whether item responses follow a logical pattern. Items that do not fit a logical pat-

tern are likely to be harmful to the construct under study and should be modified

or deleted. Conversely, items that fit the logical pattern are likely to enhance the

construct and should be retained.

Furthermore, differential item functioning (DIF) analysis within the Rasch measure-

ment framework can be used to help detect bias or irrelevant factors. In the recently re-

leased Standards for Educational and Psychological Testing (American Educational

Research Association 2014), the issue of “equivalence of the construct being assessed”

was considered with respect to the importance of designing tests that produce scores

that reflect only the ability that is being measured by the test, regardless of the identity

of the subgroup that took it. Hence, the authors recommend the use of DIF analysis as

an approach to investigate item bias. Differential item functioning occurs when exa-

minees with the same level of ability from different subgroups (e.g., gender, language

background, etc.) differ in their likelihood of answering an item correctly. Several DIF

methods can detect item bias, including the Mantel-Haenszel test (Holland and Thayer

1988), logistic regression (Zumbo 1999), and IRT-based DIF methods (Thissen 1991;

Thissen et al 1993; Wright and Stone 1979; Wright, Mead, and Draba 1976). The

IRT-based DIF methods are relevant to this study, specifically Rasch-based DIF

methods. According to Smith (2004), two approaches exist within the framework of the

Rasch model: the separate t test approach and the between-group fit approach. The

former is based on two separate t test calibrations of two or more subgroups of interest.

The latter is based on a single calibration that involves one or more subgroups of inter-

est. In this study, the former was used, and so it is briefly discussed below.

The t-statistic approach

The t-statistic approach is well documented in the Rasch model literature (Smith 2004). It

is based on the differences between two separate calibrations of the same item of two or
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more subgroups of interest. Mathematically, the t-statistic approach is expressed as

follows (Smith 2004):

t ¼ di1−di2

s2i1 þ s2i2
� �1

�
2
; ð2Þ

where di1 is the difficulty of item I based on the first subpopulation, di2 is the difficulty

of item i based on the second subpopulation, si1 is the standard error of the estimate

for di1, and si2 is the standard error for di2. This method works only with pairwise com-

parisons; if there are more than two subpopulations included in the analysis, multiple

comparisons must be made. A drawback of multiple comparisons based on one variable

is that the type I error rate and the ability of this statistic to detect bias can be affected;

however, this issue is of little concern here given that only pairwise comparisons were

conducted. Furthermore, an essential requirement of this method is that any item that

does not fit the Rasch model should be excluded. An item with poor fit can violate the

fundamental assumption of the Rasch standard that ICCs do not cross, and the lower

asymptote of ICCs must be zero (Smith 2004).

Methods
Participants

Data from the field-testing version of Qiyas for L1 Arabic language test used in this study

were obtained from the NCA database. This test was administered by the NCA in January

2017 in Riyadh, Saudi Arabia. The test included binary-scored responses where 1 = correct

and 0 = incorrect for 271 examinees of both genders (male and female).

Measurement

The Qiyas for L1 Arabic language test is a newly developed standardized test designed

to measure the extent of Arabic language skills in L1 speakers and classify them at the

appropriate level. More specifically, it aims to measure Arabic language skills in L1

speakers starting at approximately 11th grade and continuing through to university

graduates for educational and professional purposes. Table 1 defines the skills measured

by the Qiyas for L1 Arabic test.

Table 1 shows that the Qiyas for L1 Arabic language test is composed of the follo-

wing skills:

Reading comprehension: Reading passages are of various lengths, classified as short (40–

50 words), medium (51–200 words), and long (more than 201 words). Items in this skill

Table 1 Test skills and number of items for Qiyas L1 Arabic test

Skills Explanations No. of items

Reading comprehension Questions related to understanding, analysis, and synthesis 14

Rhetorical expression Questions related to situational, stylistic, and figurative language use 6

Structures Questions related to structural correctness 16

Writing accuracy Questions related to writing correctness 14

Total 50
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target higher-order reading comprehension abilities, including inference and understand-

ing of subtle meaning; text analysis; synthesis and abridgement; and summary.

Rhetorical expression: Items in this skill target situational, stylistic, and figurative

language use. Punning, hyperbole, and metaphor are parts of speech that are used to

measure pragmatic uses of language. Speech ornaments are common in the Arabic

language. They are used to measure the extent of stylistic appreciation of language.

Structure: Items in this skill target all forms of structural correctness, including correct

syntactic constructions like predication, attribution, coordination, conjunction, and

adjectival and adverbial constructions. Structural correctness is highly linked to actual

language use, rather than the perceptual understanding of grammar.

Writing accuracy: Items in this skill target correct written communication, which is

intimately related to writing technique and spelling.

In addition, the Qiyas for L1 Arabic language test was developed to estimate four

levels of language attainment, as follows:

1. Below medium: Examinees at this level are able to write texts that show basic

language structure but lack expository narrative writing skills. Examples of the latter

skills include the development of ideas, cohesion, and organization. Basic spelling

mistakes are rampant. Examinees at this level are able to determine the main

messages of reading and listening passages. They are also able to recognize explicit

and direct ideas and some common words. Examinees at this level are not expected

to distinguish rhetorical expressions and/or comprehend their significance.

2. Medium: Examinees at this level are able to write texts that show some detailed

language structure beyond basic. They may also demonstrate some expository

narrative writing skills related to idea development, cohesion, and organization.

Some fine spelling mistakes may be present. Examinees in this level are able to

determine the main messages of reading and listening passages. They are also able

to recognize explicit ideas and some inexplicit ideas, as well as the textual

meanings of common words. Examinees at this level are able to distinguish easier

rhetorical expressions and/or comprehend their significance.

3. High-medium: Examinees at this level are able to write texts that show correct basic,

and some more detailed, language structure. They may also show greater expository

narrative writing skills related to idea development, cohesion, and organization.

Occasional spelling mistakes may be present. Examinees in this level are able to

determine the main messages of reading and listening passages. They are also able to

recognize explicit ideas and some inexplicit ideas, as well as the textual meanings of

common words. Examinees at this level are able to distinguish a significant number

of rhetorical expressions and comprehend their uses and/or significance.

4. High: Examinees at this level are able to write texts that demonstrate correct basic

and detailed language structure. They also show optimal expository narrative

writing skills related to idea development, cohesion, and organization. Examinees at

this level utilize creative, persuasive, and polemic writing techniques. No spelling

mistakes are present. Examinees in this level are able to determine inferred

messages in reading and listening passages. They are also able to recognize explicit

and implicit ideas and the textual meanings of some common words. Examinees at

Al-Owidha Language Testing in Asia  (2018) 8:12 Page 6 of 19



this level are able to distinguish almost all rhetorical expressions and comprehend

their uses and/or significance.

Data analysis

To evaluate the psychometric properties of the Qiyas for L1 Arabic test, Winsteps® version

3.75.1 (Linacre 2012a, 2012b) was used. Two stages of Rasch analysis were carried out in

this particular study. The first stage of analysis compared the suitability of Qiyas L1 test

items against the Rasch standard. Various Rasch statistical indices were examined (e.g., fit

statistics, person and item reliability indices, the person-item map, and point-measure cor-

relation indices). The second stage of analysis investigated the structural aspect of the Qiyas

for L1 Arabic language test using PCAR and DIF analysis, to examine whether irrelevant

factors might be interfering with the main construct under study.

Results
Stage 1

Fit statistics and reliability analysis

Qiyas for L1 Arabic language test data were fitted to the Rasch model. Table 2 shows that

the overall mean infit and outfit were 1.00 and 1.02, respectively, with a mean standardized

infit and outfit of 0.0 and 0.1, respectively. This result suggests that overall, the Qiyas for L1

Arabic language test data fit the Rasch model reasonably well. The extra 0.02 in the overall

mean outfit represented a small amount of unmodeled noise in the Qiyas for L1 Arabic lan-

guage test data. Table 2 also showed that the reliability of the Qiyas for L1 Arabic language

test was 0.86, supporting the notion that the ordering of persons along the construct is replic-

able given similar items measuring the same trait, that is, the Qiyas for L1 Arabic language

Table 2 Overall person- and item-fit statistics and reliability analysis of the Qiyas for L1 Arabic
language test

Total score Count Measure Model error Mosq Infit ZSTD Mnsq Outfit ZSTD

Summary of 271 measured persons

Mean 28.3 50.0 0.33 0.33 1.00 0.0 1.02 0.1

SD 8.7 0.0 0.92 0.03 0.13 0.9 0.26 1.1

Max. 46.0 50.0 2.78 0.54 1.43 2.5 2.29 3.4

Min. 9.0 50.0 − 1.75 0.31 0.69 − 2.7 0.51 − 2.6

Real RMSE = 0.34 True SD = 0.85 Separation = 2.48 Person reliability = 0.86

Model RMSE = 0.33 True SD = 85 Separation = 2.55 Person reliability = 0.87

SE of person mean = 0.06

Summary of 50 measured items

Mean 153.1 271.0 0.00 0.14 0.99 0.0 1.02 0.1

SD 46.5 0.0 0.90 0.01 0.10 1.8 0.20 2.0

Max. 229.0 271.0 2.17 0.18 1.26 4.4 1.62 4.5

Min. 46.0 271.0 − 1.63 0.13 0.78 − 4.1 0.72 − 3.7

Real RMSE = 0.15 True SD = 0.89 Separation = 6.10 Item reliability = 0.97

Model RMSE = 0.14 True SD = 0.89 Separation = 6.22 Item reliability = 0.97

SE of item mean = 0.13
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test had adequate test score reliability. The separation index per person was 2.48. This index

measures the spread of examinee scores along a logit interval scale. Separation greater than 1

suggests that the data are sufficiently broad in terms of position (Frantom and Green 2002).

Table 2 also demonstrates that the item reliability index was 0.97. This indicates that

the Qiyas for L1 Arabic language test items were reasonably well dispersed along the

interval logit scale, suggesting an adequate breadth of position on the linear continuum

from persons who were less skillful to more skillful in Arabic language proficiency. The

person-item map, as depicted in Fig. 1, provides a clear picture of the linear continuum

of the performance of persons in comparison to the Qiyas for L1 Arabic language test

items. The left side represents people on the interval logit scale continuum. The upper

left quadrant represents people who were more skillful in Arabic, whereas the lower left

quadrant indicates people who were less skillful. The right side of the map represents

Qiyas for L1 Arabic language test items. More difficult items are located closer to the

top and easier items are located closer to the bottom of the graph. The letter “M” is the

distribution mean for both items and persons, and “SD” is one standard deviation. The

Fig. 1 Person-item map for the Qiyas L1 Arabic test
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symbol “T” represents two standard deviation units. The mean item distribution was

set to 0. Figure 1 indicates that the average person distribution was 0.33 logits higher

than the distributions of items by one-third SD and was negatively skewed. This sug-

gests that the Qiyas for L1 Arabic language test items were slightly easier for this

group. Some gaps in the item location distribution exist in the map, particularly in the

middle and at the top right side of the map. This finding indicates that people in the

middle and upper levels of the distribution were not reasonably targeted by the Qiyas

for L1 Arabic language test items, that is, the content aspect of the construct under

study lacked some representation, potentially compromising the validity of the test

(Messick 1989). Therefore, a future version of Qiyas for L1 should include more items

that accurately represent the targeted group level.

The Qiyas for L1 Arabic language test items were examined using mean square outfit

statistics for the item and point-measure correlations (see Appendix 1). The item mean

square outfit ranged between 0.7 and 1.73. The item mean square outfit is a Rasch-based

model with standardized residuals used for assessing item fit. The item mean square outfit

statistic is relatively more sensitive to patterns of misfit far from the person trait level. The

expected value of this index is 1. However, dataset items that adequately fit the Rasch

model are expected to range between 0.7 and 1.30 (Wright and Linacre 1994). Table 6

(see Appendix 1) shows that only five out of 50 items in the Qiyas for L1 test failed to fit

Rasch model expectations. These items were as follows: items 19 and 20 in rhetorical ex-

pression, items 26 and 28 in structure, and item 50 in writing accuracy. These five items

should be inspected carefully and then either modified or removed from the Qiyas L1 test

because they contain construct-irrelevant variance that threatens the structural validity of

the construct (Messick 1989). Additionally, inspection of the point-measure correla-

tions index indicates that all but two Qiyas for L1 test items were positively correlated

with the construct. Point-measure correlations in the Rasch model are analogous to

point biserial correlation in classical test theory and describe how well each item con-

tributes to the total test score. For example, Table 6 (see Appendix 1) shows that

items 19 and 20 associated with rhetorical expression had point-measure correlations

of 0.08 and 0.09, respectively. This small positive correlation suggests that these two

particular items were either not functioning as intended or did not contribute ad-

equately to the construct. A common practice in a Rasch investigation is to modify or

delete any negative or close-to-zero point-measure correlations because they contra-

dict the construct of interest (Linacre 1998; Bond and Fox 2007). Thus, all five items

that misfit the Rasch standard, including those with close-to-zero point-measure cor-

relations, were removed for further investigation of the internal structure of the Qiyas

for L1 Arabic language test.

Stage 2

Unidimensionality analysis

The structural aspect of validity of the Qiyas for L1 Arabic language test was further in-

vestigated using PCAR. The PCAR is a factor analysis of residuals, after the Rasch

model is applied to the data. The factor analysis of these residuals is used to identify

common variance shared among data that is unexplained by the Rasch model. If a

dominant measure not explained by the Rasch model is found among the items, then it
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can be inferred that a dimension other than the intended dimension has interfered with

the test data. This calls into question the structural aspect of validity of the measure.

Linacre (2012a, 2012b) argued that for test data to be unidimensional, the smallest

eigenvalue for the contrasts in the residuals is 2 items in unit strength. Simulation stud-

ies have shown that eigenvalues might reach 2 accidentally (Raîche 2005; Linacre

2012a, 2012b). Table 3 displays the results of the Rasch PCAR analysis after removing

misfit items. The total variance explained by the Rasch model was 14.4. The small per-

centage of explained variance could be due to narrow ranges of ability in examinees or

the difficulty level of some items. In other words, similar abilities among examinees

and equal difficulty of test items could have caused the small total explained variance

observed. Table 4 shows that the first contrast remaining after Qiyas for L1 Arabic lan-

guage test data were fit to the Rasch model and had strength of 2.3 out of 45 items.

This contrast explained 3.8% of the variance, which exceeded the benchmark of 2

eigenvalue units suggested by Linacre (2012a, 2012b) and could be indicative of

multidimensionality.

Inspection of Table 4 indicates that items 44 and 37 in writing accuracy and item 31 in

structure all had large positive factor loadings of 0.40. The clustering of these three items

is notable because it suggests that they have a common meaning that is different from the

yardstick of Rasch measurement (Bond and Fox 2007). This finding is evidence of a sec-

ondary dimension with a small influence. In general, any item loading ≥ 0.40 should be in-

vestigated (Bond and Fox 2007).

Because the results indicated the presence of an influential three-item cluster on the

Qiyas for L1 Arabic language test, two separate Rasch calibration analyses were conducted

to determine if person measures were severely affected by the secondary dimension

(Wright and Stone 1979; Linacre 2012a, 2012b). A confirmatory finding would indicate

that those items should be either modified or removed from the Qiyas for L1 Arabic lan-

guage test, because the construct runs a risk of being distorted by this irrelevant

Table 4 Factor loadings of Qiyas for L1 Arabic language test items that signify multidimensionality

Contrast Loading Measure Infit
MnSq

Outfit
MnSq

Item Loading Measure Infit
MnSq

Outfit
MnSq

Item

1 0.62 − 0.3 0.81 0.72 44 − 0.36 0.12 1 0.97 2

1 0.53 − 1.12 0.86 0.76 37 − 0.36 0.52 1.16 1.15 3

1 0.43 0.05 0.83 0.77 31 0.33 1.55 1.05 1.1 15

1 0.35 − 0.39 0.78 0.71 39 − 0.3 0.16 1.03 1.03 5

Table 3 PCARs of Qiyas for L1 Arabic language test data

Standardized residual variance (in Eigenvalue units) Observed (%) Expected (%)

Total raw variance in observations 59.4 100.00 100.00

Raw variance explained by measures 14.4 24.20 24.30

Raw variance explained by persons 6.1 10.30 10.40

Raw variance explained by items 8.3 13.90 13.90

Raw unexplained variance (total) 45 75.80 100.00 75.70

Unexplained variance in first contrast 2.3 3.80 5.00

Unexplained variance in second contrast 1.9 3.30 4.30
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sub-dimension. The first Rasch analysis targeted only the three-item cluster with positive

loadings (writing accuracy). The second Rasch calibration targeted items with negative

loadings. If the Qiyas for L1 Arabic language test fits the Rasch standard, then the person

measures should remain invariant, allowing for a reasonable number of errors, that is, the

person measures obtained from the two calibrations should fall within the 95% two-sided

confidence interval (Bond and Fox 2007; Linacre 2012a, 2012b).

As depicted in Fig. 2, one or two person measures fell outside the specified 95% con-

fidence interval, and the correlation between the two sets of person measures was 0.66.

This result implies that the Qiyas L1 Arabic language test is unidimensional.

DIF analysis

DIF analysis was also performed to determine whether any irrelevant factors interfered

with the construct under study, and an analysis of test and item bias within the frame-

work of the Rasch model was applied to the Qiyas for L1 Arabic language test data. A

review of the literature of test bias (Crocker and Algina 1986) indicated that bias exists

when test outcomes or results reflect irrelevant factors or characteristics outside the

construct of interest (e.g., demographic variables). By this definition, bias would impair

the construct validity by means of test score interpretation. Therefore, to investigate

whether the Qiyas for L1 Arabic language test data produced assessment scores that

reflected only the construct of interest, a Rasch analysis of uniform differential test

and item functioning by gender (e.g., male versus female) was implemented. Items

that misfit the Rasch model were first excluded. After removing five misfit items, a

DIF analysis by gender was performed on the remaining 45 items to determine

whether the Qiyas for L1 Arabic language test produced invariant scores in the

cross-gender subgroup classification. Bond and Fox (2007) suggested that item

measures obtained from two Rasch analyses must fall within the 95% two-sided

Fig. 2 Cross-plot person measures for the Qiyas L1 Arabic test
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confidence interval to be invariant. Thus, two separate Rasch analyses for male and

female subgroups were conducted. The two item measures obtained from each

analysis were then cross-plotted, as shown in Fig. 3.

The dashed line in the middle of Fig. 3 represents the Rasch model best-fit line.

The two curved solid lines surrounding the best-fit line represent the 95% confi-

dence interval. The plot shows that, except for a few items, the majority of the

Qiyas for L1 Arabic language test data fall within the 95% confidence interval and

cluster around the Rasch best-fit line across male and female subgroups. This re-

sult implies that the Qiyas for L1 Arabic language test produces item measures

that are invariant with respect to gender.

In the next step, DIF analysis at the item level was implemented to determine the

specific items that exhibited bias across males and females. Linacre (2012a, 2012b) rec-

ommended two criteria: first, the probability of the item DIF should be small, that is,

the probability of the item DIF must be statistically significantly different, with p ≤ 0.05.

Second, the DIF contrast must be at least 0.5 logit to merit a noticeable DIF difference.

Test data were subjected to a uniform DIF analysis by gender (male versus female).

Table 5 displays the results of DIF analysis for items that exhibited a significantly

noticeable DIF. Items 1, 6, 9, and 10 in reading comprehension, item 16 in rhetorical

expression, and item 36 in writing accuracy were statistically significant at an alpha

level of 0.05 and had DIF contrasts at or above the required 0.5 logit. The same

findings are depicted in Fig. 4. The gendered responses on items 1, 6, and 36 with logit

values of 0.85, 0.95, and 0.66, respectively, indicated that those items were more diffi-

cult for males than for females. Conversely, items 9, 10, and 16 with logit values of −
0.66, − 0.63, and − 1.00, respectively, were easier for males than for females. Those

flagged items would benefit from further investigation by the test developers and

subject-matter reviewers of the Qiyas for L1 Arabic test, to determine why they differed

Fig. 3 DTF by gender for the Qiyas L1 Arabic language test
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between males and females. Overall, the results of the uniform DIF analysis within the

framework of the Rasch measurement model lent support to the structural aspect of

validity of the Qiyas for L1 Arabic language test from the perspective of gender. The

complete DIF analysis is given in Appendix 2.

Discussion
The purpose of this study was to investigate the psychometric properties of the

field-testing version of the Qiyas for L1 Arabic language test using Rasch analysis. To

this end, several Rasch quality-control fit-statistic indices were used. At the test level,

the Qiyas for L1 Arabic language test mean square outfit statistic for the test level was

1.02, indicating that it fit the Rasch standard reasonably well. However, at the item

level, mean square outfit statistics indicated that five out of 50 items on the Qiyas L1

Arabic language test were misfits, according to the Rasch standard. Those items would

benefit from modification or should be deleted from the Qiyas for L1 test because they

add irrelevant variance that could distort the precision of measurement of the construct

and compromise the structural aspect of validity. The Rasch reliability analysis of the

Fig. 4 DIF analysis by gender

Table 5 DIF analysis of the Qiyas for L1 Arabic language test at the item level

DIF measure DIF contrast Rasch–Welch’s t p Item

Male Female

1 2 0.85 2.32 0.02 1 RC

1 2 0.95 2.24 0.03 6 RC

1 2 − 0.66 − 2.26 0.03 9 RC

1 2 − 0.63 − 2.09 0.04 10 RC

1 2 − 1.00 − 3.35 0.00 16 RE

1 2 0.66 2.22 0.03 36 WR
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Qiyas for L1 Arabic language test was 0.86, indicating that the test is sufficiently reli-

able in test scores. The person-item map of the Qiyas for L1 test indicated that the

average person location is higher than the average item location by one-third SD, sug-

gesting that the Qiyas for L1 Arabic language test items are slightly easier compared

with the ability of those taking the test. In fact, the small mismatch between the loca-

tions of persons and items could be explained by the gaps at the top right and middle

of the item locations. Those gaps clearly illustrate that there was a content representa-

tion deficiency in the Qiyas for L1 Arabic language test, which suggests that the con-

struct of interest is under-represented. Construct Under-representation could threaten

the content aspect validity of the construct, for example, if not enough items target the

average- and higher-ability groups. This issue of construct underrepresentation could

be resolved by instructing the Qiyas for L1 Arabic language test developer to add more

items targeting specified groups. This modification would likely improve the quality

and content representation of the Qiyas for L1 Arabic language test. However, it should

be emphasized that the addition of more items should be driven by practical applica-

tions of measurement. If important decisions are being made about performance on a

scale, then the scale should have sufficient item coverage. If a particular group or subset

of a group is being targeted, then that targeted group should have sufficient item cover-

age on the scale.

The structural aspect of the construct under study was further investigated using

PCAR and DIF methods in the second-stage analysis, after removing unwanted items.

Findings from the PCAR analysis lent support to the assumption of unidimensionality

of the Qiyas for L1 Arabic language test for assessing four skills, whereas the DIF ana-

lysis flagged six items that exhibited significant DIF and merit further investigation.

Those identified items should be reviewed because they contain construct-irrelevant

variance that could alter the precision of measurement and threaten the structural as-

pect of validity of the construct. The results of the Rasch-based DIF analysis could in-

form the developers and content experts of the Qiyas for L1 Arabic language test in

determining what caused those particular six items to differ between males and fe-

males, before concluding that they are biased items.

Overall, the findings of this study indicate that the field-testing version of the

Qiyas for L1 Arabic language test has satisfactory psychometric properties. How-

ever, two limitations of the study should be noted. First, the data used in this study

were not collected from real job applicants and other high school- and

university-level students across Saudi Arabia. Instead, they were collected from stu-

dents in high schools and with college-level education in Riyadh and may therefore

not be representative of the intended population of the Qiyas for L1 Arabic lan-

guage test. Thus, the generalizability of the findings of this study is limited; add-

itional investigations using more representative samples are warranted. Second, the

sample size used to conduct the DIF analysis was small. Smith (2004) noted that

Rasch-based DIF methods lack the power to detect biased items of less than 0.5

logits when the sample size is smaller than 500 people in each subpopulation.

Moreover, DIF studies commonly produce nonreplicable results (Linacre 2012a,

2012b). Consequently, it is possible that the six items flagged in this study would

not be flagged in a different study. Follow-up studies using greater sample sizes

are needed to confirm the results reported here.
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Last, the findings of this study suggest new venues for future research studies.

First, taking into account the representative sample targeted in the Qiyas for L1

Arabic language test, it would be beneficial to cross-validate this study using differ-

ent measurement models (e.g., classical test theory models, item response theory

models, structural equation modeling) and compare the results of those models

with those obtained using the Rasch measurement framework. Such comparisons

would fill some gaps in knowledge associated with using a Rasch measurement

framework alone. For instance, validity is typically viewed as a unitary concept that

embodies all evidence that supports the intended interpretation of test scores for

the proposed use (AERA, APA, and NCME, 2014). In this study, only psychometric

features related to the structural and content aspects of validity were investigated.

Validity arguments (Messick 1989) that include findings from different measure-

ment and statistical models would add substantial value to the intended interpret-

ation of the Qiyas for L1 Arabic language test score. Second, a standard-setting

analysis is an integral component of test development, especially in testing situa-

tions related to education and licensing. Additional studies are needed to deter-

mine if the four-level categorization of language attainment, as specified by the

Qiyas for L1 test developers, is reasonably defined in the field-testing version of

the Qiyas for L1 Arabic language test.

Third, the ultimate objective of the Qiyas for L1 Arabic language test is to serve

as a standardized tool that assesses modern standard Arabic language skills, not

only in Saudi Arabia but throughout the Arab world. It would therefore be benefi-

cial for the NCA to carry out cross-cultural studies of the Qiyas for L1 Arabic lan-

guage test in other Arab countries. Such studies would strengthen the reliability

and validity of the test and also broaden its usability, resulting in greater inter-

national recognition.

Conclusion
The overall aim of this study was to highlight the usability, applicability, and in-

formative nature of the Rasch measurement framework in the field of language

testing. The specific objective was to investigate the psychometric properties of the

test during field-testing using a Rasch model. The initial findings of the Rasch ana-

lysis indicated that the Qiyas for L1 Arabic language test has satisfactory psycho-

metric properties. However, this result should be interpreted with caution given

the limitations of the sample population used. Thus, continued investigation of the

psychometric proprieties of the test is necessary to ensure its appropriate use as a

tool of assessment for modern Arabic language skills. Nevertheless, because the

test data conformed to model expectations, developers of the Qiyas for L1 Arabic

language test would likely benefit from these findings during field-testing for devel-

opment and validation, particularly when the sample size is small. For instance, test

developers could be guided by the results of the Rasch analysis in efforts to im-

prove effectiveness of the assessment tool by adding, removing, or modifying some

items. Test developers and measurement practitioners would also benefit from

using Rasch analysis to evaluate the psychometric features of the test to assess

construct-related validity (e.g., structural and content aspects of validity of test

scores); this assessment would support the interpretation of test scores.
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Appendix 1
Table 6 Summary of item measures, outfit indices, and PMCs of Qiyas for L1 Arabic language test
data

Item Measure SE Outfit MnSq PMC

19 2.17 0.18 1.74* 0.08*

20 1.02 0.14 1.42* 0.09*

50 1.74 0.16 1.36* 0.21

26 1.3 0.15 1.33* 0.24

28 − 1.35 0.17 1.33* 0.36

17 1.85 0.17 1.29 0.18

24 0.68 0.14 1.29 0.16

6 − 1.55 0.18 1.23 0.21

36 0.82 0.14 1.2 0.28

4 0.36 0.14 1.15 0.28

3 0.4 0.14 1.13 0.27

14 0.74 0.14 1.13 0.29

9 0.15 0.14 1.12 0.32

11 1.02 0.14 1.12 0.32

8 0.94 0.14 1.1 0.29

15 1.42 0.15 1.07 0.3

40 − 0.03 0.14 1.07 0.34

38 − 0.38 0.15 1 0.34

25 − 0.13 0.14 1.04 0.38

31 − 0.41 0.15 1.03 0.35

46 0.82 0.14 1.03 0.34

18 − 0.24 0.14 1.02 0.37

5 0.05 0.14 1.02 0.37

33 0.8 0.14 1.02 0.37

7 − 1.76 0.19 0.91 0.31

21 0.03 0.14 0.99 0.39

44 0.07 0.14 1.01 0.39

16 0.4 0.14 1 0.4

10 − 0.43 0.15 0.94 0.41

2 0.01 0.14 0.95 0.42

37 − 0.99 0.16 0.98 0.41

1 − 1.1 0.16 0.88 0.41

23 0.11 0.14 0.95 0.44

32 0.09 0.14 0.96 0.43

47 − 0.77 0.15 0.93 0.41

45 − 0.89 0.16 0.88 0.42

13 −1.07 0.16 0.82 0.43

27 0.11 0.14 0.91 0.47

12 − 0.3 0.14 0.9 0.46

29 1.04 0.15 0.92 0.49

34 − 0.28 0.14 0.9 0.47
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Table 6 Summary of item measures, outfit indices, and PMCs of Qiyas for L1 Arabic language test
data (Continued)

Item Measure SE Outfit MnSq PMC

22 − 0.7 0.15 0.79 0.5

49 − 0.89 0.16 0.88 0.47

39 − 1.18 0.17 0.78 0.48

42 − 1.42 0.18 0.77 0.48

30 − 0.07 0.14 0.79 0.56

41 − 1.21 0.17 0.74 0.51

35 − 0.05 0.14 0.78 0.57

48 − 0.41 0.15 0.73 0.59

43 − 0.49 0.15 0.71

*Indicates misfit items. Bold type indicates negative and small positive point-measure correlations

Appendix 2
Table 7 Summary of item bias analysis of Qiyas for L1 Arabic language test data by gender

DIF measure DIF
contrast

Rasch
Welch’s
t

p Item

Male Female

− 0.71 − 1.55 0.85 2.32 0.02 1

0.26 − 0.11 0.38 1.29 0.19 2

0.73 0.2 0.53 1.83 0.06 3

0.63 0.25 0.38 1.31 0.19 4

− 0.04 0.45 − 0.49 − 1.68 0.09 5

− 1.15 − 2.1 0.95 2.24 0.02 6

− 1.7 − 1.65 − 0.05 − 0.12 0.9 7

1.16 0.92 0.25 0.83 0.4 8

− 0.01 0.65 − 0.66 − 2.26 0.02 9

− 0.59 0.04 − 0.63 − 2.09 0.03 10

0.99 1.43 − 0.43 − 1.41 0.16 11

− 0.25 − 0.11 − 0.14 − 0.46 0.64 12

− 1.06 − 0.87 − 0.19 − 0.57 0.57 13

0.86 0.86 0 0 1 14

1.34 1.97 − 0.63 − 1.88 0.06 15

0.13 1.13 − 1 − 3.35 0 16

1.99 1.97 0.02 0.06 0.94 17

− 0.36 0.2 − 0.56 − 1.88 0.06 18

0.14 0.14 0 0 1 19

− 0.63 − 0.56 − 0.07 − 0.23 0.81 20

0.22 0.25 − 0.03 − 0.1 0.91 21

0.89 0.65 0.24 0.81 0.41 22

− 0.08 0.04 − 0.12 − 0.4 0.68 23

0.36 − 0.01 0.37 1.28 0.2 24

1.09 1.31 − 0.21 − 0.69 0.48 25

0.06 − 0.01 0.07 0.25 0.8 26

− 0.22 − 0.44 0.23 0.74 0.45 27
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