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Abstract 
 

This study investigated gender differential item functioning (DIF) in the Progress in 

International Reading Literacy Study (PIRLS) in the 2016 cycle. This is because there is no 

empirical review of gender DIF in this test. The DIF analyses were conducted within and across 

three countries which speak a common language. The study employed logistic binomial 

regression in order to detect uniform and nonuniform DIF items within and across the 

three randomly selected countries. The findings clearly indicated the presence of uniform and 

nonuniform DIF within and across the analyzed countries. The magnitude ranged from small to 

large effect size. This study endeavored for alerting psychometrists, professionals, and all other 

stakeholders about the prescience of gender-based DIF. 
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Chapter 1 

Introduction 

Around the globe, it has been recognized that education, in general, and schooling, in 

particular, are the most influential and spearheaded means for knowledge economies which are 

directly and indirectly related to, for example, a given country’s justice, equality, cultural 

preservation and correctness, economic growth, innovation, and productivity (Becker, 

1994;Goldin & Katz, 2009; World Bank, 2011; Winkle-Wagner, 2010). As such, countries that 

have presumably effective educational systems are better prepared and more likely to compete 

with other countries for prosperous and desirable outcomes. Countries that have low performing 

or ineffective education systems are not ready and lack the likelihood for success in this 

globalized world. 

However, this recognition has heightened and intensified the importance and necessity for 

improving educational systems (Wagner, 2011; World Bank, 2011). Thus, a great number of 

developed and developing countries around the world have been working hard on developing 

their educational systems. One means fueling this development is the establishment of survey 

assessments, nationally and internationally (Braun & Singer, 2019; Hanushek, 2019; Kamens & 

McNeely, 2009; Lietz, Cresswell, Rust, & Adams, 2017; Von Davier, Gonzalez, Kirsch, & 

Yamamoto, 2013). Such policies have not only the advantage of unearthing and uncovering the 

current state of educational systems but have also the possibilities of depicting the shortcomings 

and weaknesses in those systems at all levels (classroom level, school level, district level, state or 

provision level, national level, regional level, and international level). More likely, 

advantageous, positive and desirable findings and practices are more likely to be promoted and 

disseminated while drawbacks and shortcomings are more likely to be redressed or at least 
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confined (Braun & Singer, 2019; Hanushek, 2019; Kamens & McNeely, 2009; Lietz at 

el.,  2017; Singer & Braun, 2018; Von Davier at el., 2013).  

Of particular interest is the proliferation of large-scale international assessments like the 

Trends in International Mathematics and Science Study (TIMSS), the Progress in International 

Reading Literacy Study (PIRLS), and the Programme for International Student Assessment 

(PISA) (TIMSS and PIRLS International Study Center, 2019a). These large-scale assessments 

have been gaining attention from the early on of their inceptions. This is due to the fact that these 

types of international assessment give participating countries a great number of possibilities and 

advantages (Braun & Singer, 2019; Hopfenbeck, Lenkeit, El Masri, Cantrell, Ryan, & Baird, 

2018; Lenkeit, Chan, Hopfenbeck, & Baird, 2015; Kamens & McNeely, 2009; Von Davier at 

el.,  2013). Glas and Jehangier succinctly elaborated on this by saying that these large-scale 

international assessments “enable comparisons of large groups of students within and across 

countries. They allow countries to gauge the performance of their populations on a comparative 

scale, to evaluate their global position, and to gain insights into the factors that determine the 

effectiveness of their educational systems” (2014, p. 97). 

Of most importance is the fact that these large-scale international assessments aim at 

gathering data in order to allow a given participating country to disentangle and look deeper into 

the relationship between the intellectual, attitudinal, and dispositional skills and behaviors 

highlighted in the country’s curriculum and their students’ learning (Wagemaker, 2014). 

Accordingly, these large-scale international assessments collect performance data. These data are 

to be utilized within a given country in order to assess and evaluate its educational policy, 

curricula, performance, and achievement and to be used internationally for comparable analyses 
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across the surveyed countries (TIMSS and PIRLS International Study Center, 2019a; 

Wagemaker, 2014). 

It is of paramount importance to stress the fact that these international assessments have 

played critical roles and impacts within and across countries, and they should be given the 

necessary recognition and understanding. This is because of the fact that these international 

assessments concern and bear various effects on humans (users within and across countries). 

This study concerns the validity and fairness of international assessment. This is specifically 

within country users. Therefore, this study poses the following question: Are international 

assessments fair, invariant, and equitable to country users?  

Statement of the Problem 

As mentioned previously, there are a number of large-scale international assessments; this 

study focuses on the Progress in International Reading Literacy Study (PIRLS). This is due to the 

fact that PIRLS has gained increased attention and popularity since its inception in the early 

2000s. This international assessment targets reading achievement and literacy in the early years 

of schooling. It specifically measures and assesses reading achievement and literacy at the 

fourth-grade level. 

According to the most recent and documented assessment cycle of PIRLS (2016), 61 

international countries participated in this assessment; it included 11 benchmark agencies from 

within across these participating countries (Martin, Mullis, & Hooper, 2017). The reason this 

study is specifically interested in this international assessment relates to the widely accepted 

assertion and findings that reading achievement and literacy are the cornerstones and essential 

building blocks for student learning and development (Harrison, 2003). 
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Importantly to this study, upon reviewing the technical report of PIRLS (Martin at el., 2017) 

it is found that there is a professional and logical review of validity and test fairness 

(respectively, content validation and professional review by experts) across a number of 

demographic and contextual variables, such as culture, language and gender, for ensuring the test 

as a whole and its items in particular are valid and fair for the participant countries and their 

student populations and subpopulations. That is, prior to finalization of the test, professional 

inspection allows judgmental review of the test and its items only and included are items judged 

to neither advantage or disadvantage particular population and subpopulations nationally and 

internationally. To confirm this position, the authors of PIRLS were contacted to verify if there 

have been empirical DIF studies of the tests, and it was confirmed that there has been none 

conducted to date (M. Martin, personal communication. July 9, 2019). 

Even though the logical and professional review procedures are legitimate and in fact are 

recommended, they are not sufficient in themselves for establishing and improving the validity 

and fairness of a test inferences and interpretation (American Educational Research Association, 

American Psychological Association & National Council on Measurement in Education, 2014; 

Camilli, 2006; Kane, 2006, 2013; Messick, 1995, 1989). PIRLS lacks any empirical basis to 

support its external validity, fairness, and measurement invariance and statistical biases for 

common demographic DIF variables as gender, income level, culture, race, etc. Of interest to this 

investigation is gender for the most recently available 2016 PIRLS tests. Consequently, the 

failure to establish empirical evidence to support the internal validity, fairness, and measurement 

invariance of PIRLS tests regarding gender might hinder and obscure the utility and implication 

of the PIRLS assessment. Further, they might not meet the educational and psychological testing 
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standards put forth by AERA et al. (2014) and pointed to by many researchers (Camilli, 2006; 

Kane, 2006, 2013; Messick, 1995, 1989).  

Purpose of the Study 

This study investigates empirically the internal validity and fairness of PIRLS at the item 

level to check for measurement invariance and statistical biases of item performance with regard 

to the gender of the test takers across three countries. It is hypothesized that empirical gender 

DIF should not be present in the PIRLS test’s items. This investigation will contribute to 

furthering the psychometric verification and improvement of PIRLS regarding its validity and 

fairness as these aspects are ongoing processes and essential features of a professionally sound 

test. In fact, this study is responding to recent desperate call for improving the psychometric 

characteristics and interpretability of small and large-scale tests in general and PIRLS in 

particular (Lenkeit & Schwippert, 2018; Pizmony-Levy & Associates, 2014; Martinková, 

Drabinová, Liaw, Sanders, McFarland, & Price, 2017; Singer & Braun, 2018) as well as  for 

attending to a number of concerns and criticisms of the psychometric properties of ILSAs (Braun 

& Singer, 2019; Kato, 2016).  
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Chapter 2 

Review of Literature 

This study investigated the gender DIF in PIRLS 2016 cycle. Therefore, this chapter provide 

a comprehensives discussion of the relevant theoretical and conceptual framework. This chapter 

begins with an overview of the roles of differential item function. Subsequently, the discussion 

proceeds to situate DIF in the three backbone concepts of any psychometric, measurement and 

statistical analysis and activities. These include the following: test validity and validation, test 

fairness, and test bias. It then moves to discuss differential item functioning DIF and situated 

historically within the three previously mentioned concepts: test validity and validation, test 

fairness, and test bias. Subsequently, the discussion proceeds to provide a brief overview of 

popular methods for conducting DIF analysis. The chapter concludes with current research 

findings of using DIF analyses for investigating the psychometrics characteristics in international 

large-scale assessments ILSAs.  

The Role of DIF 

Differential item functioning (DIF) is a framework that includes a variety of statistical 

methods (Camilli et al., 1994; Holland et al., 1993; Magis, Béland, Tuerlinckx, & De Boeck, 

2010; Osterlind & Everson, 2009; Penfield & Camilli, 2006; Zumbo, 2007). The main purpose of 

this framework, via its methods, is to check and investigate a given test’s items. Such 

investigation aims at identifying and parsing out one or more of test’s items that systematically 

function differently across examinees representing two or more groups due to irrelevant or 

unrelated characteristics to the construct(s) being appraised or measured (Camilli et al., 1994; 

Holland et al., 1993; Osterlind & Everson, 2009; Penfield & Camilli, 2006; Zumbo, 2007). That 

is to say that examinees with the same or comparable skills, abilities, competencies, knowledge, 

or disposition responding to one or a set of  test’s items are affected not only by their proficiency 
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or ability (proficiency and ability have inherently different meanings and connotations, although 

I am using them interchangeably in this study) but also by other characteristics, such as 

examinees’ gender and ethnicity and other constructs or skills not targeted and measured by the 

given test. 

The role of DIF is indispensable in behavioral and social science research. This is so due to 

the fact that DIF analysis is employed in order to satisfy and fulfill purposes, such as, when 

developing and building new test(s), when using the existing test(s) in new settings and contexts 

as well as with new populations for whom the test(s) was not initially developed, when utilizing 

the existing test in other languages and cultures, and at last but not least when validating the 

inferences of the test scores (Martinková et al., 2017; Camilli et al., 1994; Holland et al., 1993; 

Osterlind & Everson, 2009; Walker, 2011; Zumbo, 2007). As such, DIF investigation might help 

in the evaluation of the psychometric properties of a given test. Specifically, it can help us in 

examining and evaluating the test’s items individually or collectively and determine their 

psychometric characteristics; thus, enhancing our ability of apprehending and interpreting the 

test’s score(s), and how the test, partially or fully, might be further improved. It needs to be 

indicated that DIF investigation does not reveal what the true differences between the groups in 

terms of the construct(s) being measured or appraised. This is due to the fact that the test itself, in 

the first place, is supposed to reveal the true difference(s) between the examinees (Camilli et al., 

1994; Holland et al., 1993; Osterlind & Everson, 2009). 

Furthermore, the measurement and psychometric literature has highlighted the necessity of 

conducting DIF investigation. As such, DIF analysis and investigating are considered 

indispensable means for test validity and validation. This is due to the notion that DIF analysis 

might provide empirical evidence for supporting meaningful interpretations of the test scores, 
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and how such interpretations can be the basis for proper and fair utilization and be subsequently 

put into policy or action (American Educational Research Association, American Psychological 

Association, & National Council on Measurement in Education, 2014; Educational Testing 

Service, 2015). Therefore, DIF analysis is recognized and recommended as an integral 

component of test validity and validation which are ongoing processes. 

Essentially, all types of validity boil down to the foremost and overarching type of validity, 

construct validity (Cronbach, 1990), which gives credence to and is the backbone of both 

argumentative validity (Kane, 2006, 2013) as well as integrative validity (Messick, 1995, 1989). 

It is that the construct validation relates to the degree that the “construct’s implications are 

realized in empirical score relationships … and that these relationships are not attributable 

instead to distinct alternative constructs” (Messick, 1989, p. 34), and/or other characteristics that 

are not directly or indirectly the focus of the test, and which are not being measured. In the case 

that the test scores are caused by other distinct constructs and/or other characteristics, this means 

that the variability of the scores might be accounted by other unrelated factors (Camilli et al., 

1994; Holland et al., 1993; Osterlind & Everson, 2009; Taylor, 2013). This, in fact, might 

pinpoint in the test the presence of what is called construct-irrelevant variance (Cronbach, 1990; 

Messick, 1989; Taylor, 2013). This irrelevant variance might be conceptualized as a systematic 

error that can not and should not be explained by the standard error of measurement. This is due 

to the fact that the assumption of standard error of measurement is that the error must be random, 

and that as long as the error is random it can be accounted for by the standard error of 

measurement (Harvill, 1991). This systematic measurement error (the construct-irrelevant 

variance) might, de facto, introduce internal and external threats of the validity of the test’s 

interpretation(s), use(s), and conclusion(s) (Taylor, 2013). 



 9 

Moreover, there are a variety of factors and sources causing construct-irrelevant variance 

(Cronbach, 1990; Podsakoff, MacKenzie, Lee, & Podsakoff, 2003; Taylor, 2013). For example, 

there is what is called common method variance or common method bias. Common method 

variance relates to the idea that the observed variance, fully or partially, in a given test is caused 

by the measurement method not the construct(s) being measured. Some common method 

variance includes scale length, common scale format, measurement context effects, item context 

effects, anditem characteristic effects; these are just examples (for a more comprehensive review 

see; Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). It is important to underscore the idea that 

the wide sources of construct-irrelevant will eventually and to various degrees affect the 

performance of examinees in a given test. As such, some examinees or group(s) might be 

advantaged over other group(s) (Camilli et al., 1994; Holland et al., 1993; Osterlind & Everson, 

2009). 

Because of the observations that one or more of a given test’s items functions differently 

across groups (reference group being advantaged over focal group) after conditioning on the total 

score (the ability or proficiency being measured) (Camilli et al., 1994; Holland et al., 1993; 

Osterlind & Everson, 2009), the validity of the test interpretation(s) and inference(s) is 

threatened and should and need to be questioned. This, de facto, gives rise to other related issues. 

These include the following: test and measurement bias and test fairness. 

As for the former, there is a long history of test and measurement bias. Some scholars have 

traced the history of bias investigation in measurement (Camilli, 2006; Camilli, 1993; Camilli et 

al., 1994). It is found that there were a number of preliminary endeavors for pinpointing bias in 

mental tests in the early 20th century. For example, Camilli et al. (1994) found that early 

psychometricians, such as Alfred Binet and William Stern, had conducted some sort of test bias 
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in intelligence tests. Such examination caused those researchers to reconceptualized and 

reconstruct their mental tests in an attempt to tease out and control for the observed biases. 

However, it should be noted that the measurement and psychometric analytics and techniques 

were limited and punitive compared to the modern measurement and psychometric (Camilli et al. 

1994). 

According to the chronological history of test bias, it came to be known that the modern 

study of test bias took place in the early 1950s.  Camilli (1993) and Camilli at el. (1994) 

indicated that Eells, Havighurst, Herrick, and Tyler (1951), although not the first researcher to 

take the issue of test item bias, were the first to be comprehensive in their study via basing their 

analysis on ninety studies for 1911 to 1947 and analyzing 650 items from eight intelligence tests 

and employing more sophisticated statistical techniques compared to researchers before them. 

This in fact set the research of item study in motion. As such, more studies of tests items began 

to increase. Moreover, the number of available analytical and statistical techniques began to 

burst afterward. In fact, more robust and sophisticated analytical and statistical techniques began 

to take hold in the psychometric and measurement literature and continue to flourish (Camilli, 

2006; Camilli, 1993; Camilli et al., 1994; Holland et al., 1993; Zumbo, 2007). This is so in order 

to cope with the controversy arising from injustice and inequality encountered by minority and 

disadvantaged groups. 

However, it needs to be highlighted that while there are various analytical and statistical 

techniques for flagging out biased test’s item(s), there is still some confusion and misconception 

reported in the literature regarding the modeling, meaning, and interpretation of bias (Ackerman, 

1992; Angoff, 1993; Camilli, 2006; Camilli, 1993; Reynolds, 2000; Warne et al., 2014). This is 

especially more pronounced for those who have limited or insufficient knowledge in 
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psychometrics and measurement. The misconception stems from confusing two concepts: test or 

item impact and test or item bias. Therefore, in psychometric and measurement literature, 

researchers and scholars have been trying to elaborate and draw distinctions between the two 

terms (Angoff, 1993; Camilli, 2006; Camilli, 1993; Reynolds, 2000; Warne et al., 2014). 

Essentially, test’s items are developed and calibrated for measuring, as efficient and effective 

as possible, a given construct(s) (Cohen, Swerdlik, & Sturman, 2013; Cronbach, 1990). This is in 

order to reveal the true differences of examinees, be they from one group or more (e.g., males 

and females). It is, therefore, the primary purpose of the test to the extent possible to disclose the 

true variation among examinees. Revealing the true variation necessitates the fact that the test in 

general and test items in particular to have and show discrimination power (Cohen et al., 2013; 

Cronbach, 1990). Nevertheless, the discriminatory power of the test or its items should and need 

not to be confused with discriminatory practices and policies, be they social, educational, 

economic, and so forth (American Educational Research Association, American Psychological 

Association, & National Council on Measurement in Education, 2014; Angoff, 1993; Camilli, 

2006; Camilli, 1993; Reynolds, 2000). 

The importance of test or test items discriminatory power is well established in the literature. 

It is closely related to one essential psychometric feature of any given test: Reliability 

(Cronbach, 1990; Traub & Rowley, 1991). It is also the only means, the discriminatory power of 

the test in general and the test’s items in particular, that can reveal examinees differences (those 

who display high quantity or quality of the measured construct(s), those who show low quantity 

or quality of the measured construct(s), and those who are in between) in the appraised and 

measured construct(s) (Cronbach, 1990; Traub & Rowley, 1991). As long as the test or test items 

reveal, to the extent possible, true variations in examinees performance, which is not affected by 
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other unrelated factors to the constructs being appraised, the test or the test items will show 

impact (Angoff, 1993; Camilli, 2006; Camilli, 1993; Reynolds, 2000). Evidently, test impact is a 

good feature of a test due to the fact that it can help in the validation of score interpretation, 

inferences, and implications, and what can be done to deal fairly, effectively, and efficiently with 

such observed differences (Camilli, 2006; Cronbach, 1990; Reynolds, 2000; VandenBos, 2015). 

It is important to stress the idea that the presence of impact does not imply measurement bias. 

While I have talked about test or test items impact, it is now necessary to lay out a clear 

definition of measurement or statistical bias (I used these terms interchangeably). Measurement 

or statistical bias might be understood as the over or under-estamiation of one or more of tests or 

test items’ parameters (e.g., difficulty and discrimination, intercepts, and slopes in regression 

equation) (Camilli, 2006; VandenBos, 2015). It is more informative to put in the words of 

Camilli (2006) when he stated that measurement or statistical bias might represent “a systematic 

difference between two parameters that should be equal. Though all estimates embody some 

level of random error, bias is a kind of systematic error” (p. 225). As such, some examinees will 

be advantaged over other examinees, potentially or more likely distorting the fairness of the test 

or measure and resulting in an equality. This brings us to the concept of measurement and test 

fairness. 

As the notion of test and statistical bias took hold in the measurement and psychometric 

literature, so does the notion of fairness. Historically speaking, the idea of fairness in testing 

began to hold momentum after the first half of the twentieth century. This is especially during 

the civil right movements as more underserved and disadvantaged groups (African American, 

Hispanics, Women, and others) began to critique established policies and practices in all social 

systems (e.g., school system, higher education system, employment system, and others). This 
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social change greatly impacted and still impact the work measurement and educational testing 

personnel, agencies, and users. As it brought with it a great number of legal legislations 

prohibiting the administration of unfair test and the misuse of test scores, interpretations, 

inferences, and implications (for comprehensive review see, Camilli, 2006). What have been 

observed be critics is that there are a variety of biases in numerous assessments that unfairly 

affect the diagnosis, classifications, selection, and assignment of examinees, especially those 

coming from or representing  underserved or disadvantaged segments of the society, to any given 

activities and pursuits, such as attending an educational institution or program, getting a job, and 

so forth(Camilli, 2006). 

Social demands and calls for justice and equality made great strides for surmounting such 

challenges and difficulties. These changes triggered changes in other organization. Of particular 

interest are the American Educational Research Association, American Psychological, and 

National Council for Measurement in Education as well as other testing agencies like 

Educational Testing Service. These organizations took the initiative to deal effectively with the 

issues of test or measurement unfairness and inequality. This is particularly in the field of 

measurement, psychometrics, and research in general. These leading organizations held a joint 

committee in order to develop professional and official conception and understanding of test and 

measurement fairness for those responsible of test development, administration, standardizations, 

interpretation, and use. Therefore, there is a distinct chapter for test or measurement fairness. 

This chapter explicate test or measurement fairness, elaborate on its nuances and subtleties, and 

put forth a number of standards that must be met for establishing the minimum level of test or 

measurement fairness. It also showed how test or measurement fairness relates with and inform 

other psychometric concepts, such as validity and reliability (American Educational Research 
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Association, American Psychological Association, & National Council on Measurement in 

Education, 2014; Educational Testing Service, 2015). 

As a matter of fact, the concept of test fairness and measurement has flourished in various 

arenas and at different levels (classroom level, school level, district level, regional level, national 

level, and international level) (Camilli, 2006; Educational Testing Service, 2015; Tierney, 2014). 

Although there are somewhat various conceptions of fairness in general and test or measurement 

fairness in particular, this study embraces the conception and definition brought up by the 

American Educational Research Association, American Psychological, and National Council for 

Measurement in Education (2014). The organizations refer to test or measurement fairness: 

As responsiveness to individual characteristics and testing contexts so that test 

scores will yield valid interpretations for intended uses. The Standards definition 

of fairness is often broader than what is legally required. A test that is fair within 

the meaning of the Standards reflects the same construct(s) for all test takers, and 

scores from it have the same meaning for all individuals in the intended 

population; a fair test does not advantage or disadvantage some individuals 

because of characteristics irrelevant to the intended construct. To the degree 

possible, characteristics of all individuals in the intended test population, 

including those associated with race, ethnicity, gender, age, socioeconomic status, 

or linguistic or cultural background, must be considered throughout all stages o f 

development, administration, scoring, interpretation, and use so that barriers to 

fair assessment can be reduced (p. 50). 

All in all, it is through empirical evidence, in addition to logical, philosophical, ethical, 

political, legal, and economic reasoning, the process of ensuring that the test has sound 
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psychometric characteristics. Relating this to the previous discussion, it can be said that it is via 

empirical evidence the test or the test items might be ensured not to be biased against any 

examinees or groups. It is also via empirical evidence that it may be assured that the test or test 

items have fair according to the prescription put forth in Standard. At last but not at least, it is 

through empirical evidence that the validity of the test scores interpretations, inferences, and 

implications can continuously refined and be in alignment with Standards put forth by American 

Educational Research Association, American Psychological, and National Council for 

Measurement in Education. One of the most widely used means for securing empirical evidence, 

which helps, to various degrees, address the issues discussed in this section of the study, is DIF 

analysis.  

Formal Definition of DIF  

DIF analysis will lend a great contribution to the validation of the interpretations, 

conclusions, and uses of a given test’s scores. DIF is observed to occur in the case that one or 

more of a test item function differently across groups after conditioning or matched on the 

trait(s) or construct(s) being measured. At this point in the discussion it is necessary to put forth a 

clear definition of DIF analysis, and the most elaborate and succinct definition was put forth 

by Camilli (2006). He had thoroughly reviewed the development and refinement of DIF 

characteristics and definitions. He succinctly stated that: 

Differential item functioning or DIF, for short, is said to occur when examinees 

from groups R and F have the same degree of proficiency in a certain domain, but 

[different] rates of success on an item. The DIF may be related to group 

differences in knowledge of or experience with some other topic beside the one of 

interest (p. 226). 
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Here group R and group F stands for the reference and focal group, respectively, which are to 

be compared to check that the test or test items are working or invariant across the reference 

group and focal group. It has been established that the performance of the reference and focal 

group can be compared using different unit of analysis. In that, the comparison might be made 

via using “A test item, a total test score, or a prediction regarding success on a criterion” 

(Holland and Thayer, 1988, p. 130). However, the modern DIF methods carry out DIF analysis 

using the smallest unit of a given test, the test item(s). 

It should be greatly stressed that the varied performance in a test items be solely investigated 

on the matched groups. This observation has been noted by many researchers (Camilli et al., 

1994; Holland and Thayer, 1988; Holland et al., 1993) due to the fact that such a practice would 

eschew what is called Simpson’s paradox (Simpson, 1951). This paradox is observed in the case 

there are inconsistencies between the item impact and the performance among the matched 

persons. As such, the item impact is directionally opposite of the difference of performance of 

the matched individual within the same group (for comprehensive and detailed review see, 

Wagner, 1982; Holland et al., 1993; Simpson, 1951). 

Having stated the general definition of DIF, it is essential now to provide some practical 

illustrations of DIF using the notations described by (Millsap & Everson, 1993; Osterlind & 

Everson, 2009; Penfield & Camilli, 2006). Practically speaking, any given test has the potential 

of eliciting responses from examinees who react to the test item(s) by either endorsing or not 

endorsing the test stimuli(s). Here the response of the examinees might be denoted by Y. This 

response is supposedly determined or dependent on the appraised latent constructs. The 

measured construct(s), which is a defining feature of the test, might be signified by theta 0. 

Based on this conceptualization, it is easier to mathematically express how Y is probabilistically 
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distributed on 0. Following these notations, it can be said that the operationalized observant or 

indicator of 0 is Y. The simple math expression of this relation can be expressed as follows: 

F(Y)|0. 

The above expression can be carried out in the case of DIF analysis when there is a comparison 

between more than one group. For the case of simplification, let’s say that there are two groups 

(say female students and male students) who take a reading test, and we would like to find out 

the conditional probability of Y for each group, respectively. In this case, the previous functional 

relationship might be expressed for both groups. In that, it can be expressed as: 

F(Y|0, G=R) = F(Y|0, G=F). 

In the above mathematical expression, G stands for the grouping variable, while R and F 

denote the reference group (male students) and the focal group (female students), respectively. 

For further illustration, let’s discuss the following example. Let’s say that female students are 

represented as the focal group (F) while male students are assigned as the reference group (R). 

Let’s suppose that the reading test has an item that is dichotomously scored. Accordingly, correct 

response is present when Y=1, while correct response is absent when Y=0. According to the 

above equation, it can be empirically stated that when the probability of responses is identical for 

the individuals from the R and F groups who have equal standing on 0; the test item shows no 

DIF or item bias regardless of the group membership, being from R or F groups. This means that 

male and female students, regardless of their group membership, have equal or the 

same probability for answering correctly or incorrectly the reading test item due to the fact that 

both groups possess comparable status of the underlying construct(s) or trait(s) being measured. 

However, in the case that the probability of responses is not identical for the  individuals 

from the R and F groups but who have equal standing on 0; the test item is said to demonstrate 
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DIF or item bias due to group membership, being from R or F groups (Camilli et al., 1994; 

Holland and Thayer, 1988; Holland et al., 1993; Millsap & Everson, 1993; Osterlind & Everson, 

2009; Penfield & Camilli, 2006). This means that, while having comparable status on the 

underlying construct(s) or trait(s) being measured, male and female students, depending on their 

group membership, do not have equal or the same probability for answering correctly or 

incorrectly the reading test item after accounting or controlling for 0. That is, the reading test 

item is observed to function differently across the examinees due to their group membership and 

their underlying status or the ability or construct being appraised (Camilli et al., 1994; Holland 

and Thayer, 1988; Holland et al., 1993; Millsap & Everson, 1993; Osterlind & Everson, 2009; 

Penfield & Camilli, 2006). As such, the conditional probability for the two groups might be 

mathematically expressed as follows: 

F(Y|0, G=R) F(Y|0, G=F).  

The presence of DIF signify the notion of conditional dependency between item functioning 

and the group membership of the examinees (Camilli et al., 1994; Holland and Thayer, 1988; 

Holland et al., 1993; Millsap & Everson, 1993; Osterlind & Everson, 2009; Penfield & Camilli, 

2006). As such the presence of DIF present some complexity. This is related to the idea that 

there are two types of DIF. The first type is called uniform DIF. This type of DIF occurs when 

“the strength of the conditional dependence remains across the underlying 0 continuum” 

(Osterlind & Everson, 2009, p. 10). Said differently, DIF represents the fact that the examinees 

representing the reference and focal groups, respectively, have different probability of success in 

answering a given test item(s); wherein the reference group show consistently higher probability 

of success compared to the focal group who demonstrate lower probability of success on the 

identified DIF item. As such, the reference group is advantaged over the focal group (Camilli et 
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al., 1994; Holland and Thayer, 1988; Holland et al., 1993; Millsap & Everson, 1993; Osterlind & 

Everson, 2009; Penfield & Camilli, 2006). 

The other type of DIF is called nonuniform DIF (Camilli et al., 1994; Holland and Thayer, 

1988; Holland et al., 1993; Millsap & Everson, 1993; Osterlind & Everson, 2009; Penfield & 

Camilli, 2006). This is observed to occur in the case that “the conditional dependence shifts and 

changes in degrees or direction at different points on the 0 continuum” (Osterlind & Everson, 

2009, p. 11). Stated differently, nonuniform DIF represents an interaction between examinees’ 

trait (0) and their respective group membership. That is, nonuniform DIF might disadvantage the 

reference group at one point on the 0 level while it might give larger advantage at other level of 

0. Furthermore, it might be the case that nonuniform DIF may present a perplexing situation 

wherein reference group are advantaged over local group at one end of the 0 continuum at the 

same time the focal  group are advantages over the reference group at the other end of the 

continuum (Camilli et al., 1994; Holland and Thayer, 1988; Holland et al., 1993; Millsap & 

Everson, 1993; Osterlind & Everson, 2009; Penfield & Camilli, 2006). The distinction and 

understanding of two types of DIF is essential due to the fact that DIF statistical techniques and 

methods inherently possess varied capabilities for detecting and flagging out such DIF. This 

would be the discussion of the next section. 

Popular Statistical Methods for Detecting DIF 

As indicated previously, there is a proliferation of psychometric analysis of DIF. There is a 

plethora of DIF methods. These methods have various statistical, psychometric, and 

measurement characteristics. Some methods have great power, sensitivity, and capability of 

detecting and flagging out DIF items while some other methods possess limited feature for doing 

so. In the following paragraphs, a brief overview will be provided for three popular methods that 
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have been widely recommended and employed in the psychometric literature. These include the 

following: Item Response Theory, Mantel-Hanzel, Logistic Regression (Which is mentioned 

here but discussed at length in chapter three) (for a comprehensive review of these and other 

methods see Camilli et al., 1994; Holland et al., 1993; Magis et al., 2010; Millsap & Everson, 

1993; Osterlind & Everson, 2009; Penfield & Camilli, 2006). 

Since its founding, the Item Response theory, hereafter IRT, (Lord & Novick, 1967) has been 

explored in various contexts, especially in the context of conducting DIF analysis. As such, a 

number of IRT statistical and measurement methods and models have been developed. This is in 

an attempt to detect DIF in a one or set of test items (Camilli et al., 1994; Magis et al., 2010; 

Millsap & Everson, 1993; Shealy & Stout, 1993; Suh & Cho, 2014; Thissen, Steinberg, & 

Wainer, 1993). IRT model might be conceptualized and estimated via the following models: 

One-parameter model, which might be called the Rach model, wherein the item discrimination is 

set constant across all the other items and the items difficulty are estimated, two-parameters 

model for both of which the item discrimination and item difficulty are estimated, and three-

parameters model where, in addition, to item discrimination and item difficulty, item guessing 

are all estimated (for review see Baker & Kim, 2017; Lord, 1980). 

On the onset, it is of paramount importance to highlight the fact that IRT framework and its 

related approaches for detecting DIF give us the capability for identifying and interpreting 

differences between groups in light of the Item Characteristics Curves (ICCs) and differences 

between groups in respect to the item parameters (Camilli et al., 1994; Magis et al., 2010; 

Millsap & Everson, 1993; Shealy & Stout, 1993; Suh & Cho, 2014; Thissen, Steinberg, & 

Wainer, 1993). Thus, IRT-based approaches detect DIF based on the comparison of item 

parameters. As such, one or more of item parameters (discrimination, difficulty, and or 
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pseudoguessing) are contrasted to examine the likelihood of differences between the local and 

reference groups. The presence of statistical difference(s) might indicate the presence of DIF or 

item bias (Camilli et al., 1994; Magis et al., 2010; Shealy & Stout, 1993; Suh & Cho, 2014; 

Thissen, Steinberg, & Wainer, 1993). 

These methods have various capabilities and features for not only identifying DIF in 

dichotomously scored test items but also for polytomous test items as well (Magis et al., 2010; 

Osterlind & Everson, 2009). Almost all IRT-based methods have the abilities to flag out uniform 

and nonuniform DIF items. However, IRT-based methods for detecting DIF item(s) need to have 

longer test with a huge number of participants to have stable estimate if at all. This is, in fact, one 

of the notorious drawbacks of those methods, the requirement or necessity of long test as well as 

a numerous number of sample size of the test takers (Osterlind & Everson, 2009; Millsap & 

Everson, 1993).  

Another widely used method for detecting DIF is Mantel-Haenszel (MH) (Camilli et al., 

1994; Osterlind & Everson, 2009; Millsap & Everson, 1993). This statistical method was 

originally developed by two researchers, Nathan Mantel and William Haenszel, in the medical 

field (Mantel & Haenszel, 1959). These researchers developed this method in order to overcome 

the inherent challenges when using chi square test. As a matter of fact, it has been reported that 

this method was extended for the detection of DIF by the work of Holland and Thayer (1988) 

and subsequently by the work of Dorans and Holland (1993). 

The MH method is grounded on the basis of contingency table (Camilli et al., 1994; Dorans 

and Holland, 1993; Millsap & Everson, 1993; Thayer, 1988). It compares the performance of 

examinees at different levels on the construct being measured. Specifically, it contrasts the 

performance of focal group to the performance of the reference group. As such, it compares the 
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two groups on all the items constituting a given test; however, it does so one item at a time 

(Camilli et al., 1994; Dorans and Holland, 1993; Millsap & Everson, 1993; Thayer, 1988). 

It is of paramount importance to underscore the fact that for the comparability purpose 

between the focal group and reference group; a matching variable need to be established. This 

matching variable, according to the MH method, is the total score of the test (Camilli et al., 

1994; Dorans and Holland, 1993; Millsap & Everson, 1993; Thayer, 1988). There are some 

advantages of using such methods. For example, this method can be used to investigate DIF in 

binary scored test items as well as polytomously scored test items.  Another example is that this 

method has high capabilities for detecting DIF item(s) in short test, as small as 20 items. Still 

another example is that this method has also the capability for flagging out DIF item(s) with a 

somewhat small sample size (Camilli et al., 1994; Dorans and Holland, 1993; Millsap & 

Everson, 1993; Thayer, 1988). Nevertheless, the MH method has a number of disadvantages. For 

example, it lacks the ability to detect nonuniform DIF item(s) (Rogers & Swaminathan, 1993). 

Another example is that the MH method might falsely demonstrate DIF wherein the DIF is not 

present. This is especially more apparent and pronounced when the length of the test is short, less 

than 20 test items (Millsap & Everson, 1993). 

Relevant Literature of International Large-Scale Assessment 

There is a proliferation of the literature of International Large-Scale Assessments ILSAs. 

There has been a number of scholarly publications tackling and addressing various issues and 

concerns of ILSAs (Hopfenbeck at el., 2018; Lenkeit at el., 2015; Von Davier at el., 2013). 

These publications attempt at expounding on the importance of such international tests. For 

example, it sheds more light on how those tests are conceptualized, developed, and constructed, 

and how they are administered, scored, and interpreted. More importantly, these publications go 
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further in order to increase the awareness of these tests as they possess a substantial power for 

both exploratory, confirmatory, and predictive purposes. Hence, some of these publications aims 

at facilitating discussion and understanding of ILSAs via providing accessible or readable 

information for not researchers and practitioners but also for those who are influenced by the 

implementation and inferences of such tests, whether directly or indirectly. 

Moreover, some of those publications delve into the discussion of how to effectively and 

efficiently utilize the data collected by ILSAs. Those publications expounded on how to make 

sense of various types of data. In that, how to analyze, interpret, make inferences of the ILSAs 

scores which represent two types of tests: test of maximum performance (the achievement facet 

of the ILSAs) and test of typical performance (the psychological and background aspects of 

ILSAs). Furthermore, some of the publications addressed some of the psychometrics 

measurement aspects of ILSAs in order to further current understanding of the tests’ 

psychometrics properties, such as validity and reliability. 

In this section, the discussion is about the investigation of measurement or statistical bias 

with respectsto ILSAs. However, it needs to be stated from the outset that although there are a 

number of studies that have examined the soundness of the psychometric and measurement 

properties of ILSAs, such studies are not equally representative of all types of ILSAs. As it 

appears, most studies, including those investigating bias or DIF, have focused on two ILSAs (the 

Trends in International Mathematics and Science Study (TIMSS) and the Programme for 

International Student Assessment (PISA)) compared to other ILSAs (Progress in International 

Reading Literacy Study (PIRLS)) which is the focus of this study (Hopfenbeck at el., 2018; 

Lenkeit at el., 2015). 
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This study attempts at including the relevant literature that have been done for addressing 

gender bias in ILSAs in general and in PIRLS in particular. This is due to the general observation 

that there is a paucity of research that has investigated DIF in ILSAs, and this is particularly 

more pronounced in the case of PIRLS. However, relevant literature that investigated gender DIF 

is reported subsequently. The reported studies are classified according to the type of ILSAs that 

are under scrutiny. That is, studies that have investigated gender DIF in TIMSS are grouped 

together, and studies that have examined gender DIF in PISA are combined together, and finally 

studies which have explored gender DIF are assembled together. 

There is a number of studies that have investigated gender DIF in TIMSS (Bielinski & 

Davison, 2001; Penner, 2003). Penner (2003) found that across 10 countries participating in 

TIMSS, male students were advantaged over female students. This was especially pronounced 

when the items showed moderate to higher levels of difficulty. Another study investigated item 

difficulty interaction with the gender of the test takers who participated in mathematics 

achievement tests (Bielinski & Davison, 2001). This study examined gender DIF in two national 

assessments a s well as one ILSA (TIMSS). The findings indicated the presence of gender DIF in 

all the examined tests with a variation of the number of detected DIF items in each test. The 

study reported the finding of both uniform and nonuniform DIF but most of the flagged items 

showed nonuniform DIF. Generally speaking, it is found, on the one hand, that easy math items 

tended to favor female students while they disfavor male students (Bielinski & Davison, 2001). 

On the other hand, hard math items tended to advantage male students whereas they 

disadvantage male students. In fact, this pattern of gender DIF in mathematics achievement tests 

has been corroborated in the literature with small and large sample sizes, in diverse contexts, and 

with a variety of test formats (Bielinski & Davison, 1998; Ong, Williams, & Lamprianou, 2015). 
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A number of studies have investigated measurement bias or DIF in PISA (for review see, for 

example, Hopfenbeck at el., 2018); however, a number of studies have examined gender bias or 

DIF and other confounding factors in this international assessment (Cheema, 2019; Le, 2009; 

Schwabe, McElvany, & Trendtel, 2015; Yalçın, 2017; Yildirim, 2019). In a large-scale study that 

analyzed science section in PISA data, it is found that there is a strong confirmation that gender 

DIF is present in many items across a number of countries. That is to say that that male students 

were advantaged over female students across the studied participating countries. The males’ 

advantage was reported to be consistent across all the items being analyzed, and indicated a 

uniform DIF (Le, 2009). 

Recently, Cheema (2019) analyzed the 2012 PISA data across a number of participant 

countries to examine gender DIF at the country level. The findings spoke unequivocally to the 

presence of gender uniform and nonuniform DIF (Cheema, 2019). As a matter of fact, some 

studies, which have employed more robust and sophisticated statistical methods in order to 

investigate gender DIF and control for a number of confounding variables, have reported the 

presence of gender DIF in PISA math items (Yildirim, 2019). The findings spoke to the bias 

against female students. That is, math items that showed DIF favored male students over female 

students. Moreover, some other researchers have examined the reading items of PISA and 

confirm the presence of gender DIF at a number of levels: Students level and school level 

(Schwabe at el., 2015). However, it needs to be stated that a few studies have reported the 

absence of gender DIF in PISA math items after accounting for a number of confounding factors 

(see Yalçın, 2017). 

While there are a reasonable number of studies investigating gender DIF in TIMSS and 

PISA, this is not the case in regard to PIRLS. This is because of the observation that there are 
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very few studies examining gender DIF in PIRLS (Geske & Ozola, 2010; Schwabe at el., 2015), 

and these studies have examined previous cycle of PIRLS. However, these studies supported 

different conclusions. For example, when investigating gender DIF in PIRLS 2006 cycle in one 

European country, Geske & Ozola (2010) reported that although there were a number of DIF 

items which either advantaged or disadvantaged both male and female students, the identified 

DIF items canceled out each other and showed no advantage for one group over the other. 

However, these findings were inconsistent with other pattern of observation in the literature. This 

is due to the fact that there are a disproportionate number of studies showing that there are 

gender bias in reading achievement tests between boys and girls, and such differences and biases 

are evident in numerous aspects reading performance or achievement tests like the format of the 

test, the textual and purposes of the test items, and so forth (for review see Li, Hunter, & 

Oshima, 2013; Schulz-Heidorf, & Støle, 2018). 

Interestingly, a recent study has established gender bias in PIRLS 2011 cycle (Schwabe at el., 

2015). This study reported that female students were advantages over male students.  This is 

specifically for flagged out in respect to the PIRLS 2011 constructed test items (Schwabe at el., 

2015). However, some other studies have examined other types of bias or DIF in PIRLS. For 

example, using mothers’ native language of the test takers as a matching-grouping variable, 

across a number of European Countries (Finch, Hernández Finch, & French, 2016) investigated 

DIF in PIRLS 2011 cycle. Their findings showed there were a number of items demonstrating 

DIF based on the mothers’ language of the test takers. The magnitude of the identified DIF 

varied across the European nations included in the study (Finch et al., 2016). 

In summary, few systematic studies have been carried out, but when done, some evidence of 

empirical DIF has been found in TIMMS and PISA. This is especially more pronounced in the 
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case of PIRLS as there are very few studies addressing this void in the literature. The 

consequence of this finding has been largely ignored by users and developers alike. With limited 

evidence, and PIRLS left largely unevaluated, this investigation reports on a comprehensive 

random effect evaluation for gender DIF within three countries out of the 61 participating 

countries on the 2016 PIRLS tests. Results of this evaluation will have a dramatic impact on the 

utility, meaningfulness, comparative fairness and validity representativeness of the PIRLS 

assessment.  
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Chapter 3 

Research Methodology 

This study investigated the gender DIF in PIRLS 2016 cycle. Thus, this chapter highlight a 

number of methodological and data procedures. In this chapter, the source of the data that will be 

analyzed in this study is addressed. As such, a brief overview of PIRLS data is provided. I 

subsequently discuss the methodology that will be employed in order to answer the hypothesis of 

this study. This chapter ends with the analytical with a discussion of the analytical procedures 

this study undertakes.  

Data 

This study uses data gathered by the TIMSS and PIRLS International Study Center which is 

overseen and supervised by the International Association for the Evaluation of Educational 

Achievement (IEA) (TIMSS and PIRLS International Study Center, 2019b). This study 

particularly uses the data of Progress in International Reading Literacy Study (PIRLS). This 

large-scale international assessment has been in place since 2001. It is conducted every five 

years. As a matter of fact, there have been four cycles (2001, 2006, 2011,2016) of this large-

scale assessment. The number of participating countries has been increasing from 35 countries to 

61 countries in 2016, and the number of participating countries is anticipated to increase in the 

next cycle of PIRLS which will take place in 2021 (TIMSS and PIRLS International Study 

Center, 2019b). 

PIRLS, as discussed previously, survey student literacy and reading achievement at the 

fourth grade. This study utilized the most recently available data from the PIRLS 2016 

administration taken by 61 countries (TIMSS and PIRLS International Study Center, 2019c). 

Three countries were randomly selected based on their spoken, common language, out of six 

countries speaking the same language. This, in fact, represent a random effect. However, the 
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selection of the three countries might be attributed to two reasons. The first one relates to the 

idea that to what extent the findings from the randomly selected countries can show comparable 

or similar descriptive patterns. The other reason is associated with the idea of increasing the 

generalizability of the study inferences and interpretations (TIMSS and PIRLS International 

Study Center, 2019c). It is important to note that the names of the selected countries are not 

revealed for confidentially purposes in regard to the researcher. 

Additionally, there are more than 30,000 students, speaking a common language, across the 

three randomly selected countries (TIMSS and PIRLS International Study Center, 2019b). This 

study analyzes the 85 PIRLS multiple choice items. This study extracted from the documented 

data base the examinee self-reported gender grouping variable (TIMSS and PIRLS International 

Study Center, 2019b). It needs to be sated that PIRLS computed five plausible values 

demonstrating the achievement and performance of students. Thus, each student has five 

plausible values. In doing so, the PIRLS developers want to  

 Ensure the accuracy of estimates of the proficiency distributions for the 

PIRLS populations as a whole and particularly for comparisons between 

subpopulations. A further advantage of this method is that the variation 

between the five plausible values generated for each student reflects the 

uncertainty associated with proficiency estimates for individual students. 

However, retaining this component of uncertainty requires that additional 

analytical procedures be used to estimate students’ proficiencies (for review 

how the plausible value is calculated see Martin at el., 2017, p. 11.7). 
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This study selected randomly a plausible value (i.e., fifth plausible value) out of the 

five plausible values. This plausible value is used for conditioning the performance of the 

students (i.e., total achievement score) (see below for how this plausible value is used).  

Method 

As indicated in the previous chapter, there are a number of statistical methods for detecting 

DIF (for review see Camilli et al., 1994; Holland et al., 1993; Magis et al., 2010; Millsap & 

Everson, 1993; Osterlind & Everson, 2009; Penfield & Camilli, 2006). However, this study 

employed the logistic regression for detecting DIF (Rogers & Swaminathan, 1993; Swaminathan 

& Rogers, 1990). This statistical technique was extended from general logistic regression which 

deals with the prediction of binary or dichotomous outcome (dependent variable) (for review see 

Cohen, Cohen, West, & Aiken, 2003; Tabachnick & Fidell, 2013). 

The logistic regression is based on a probability function, and this probability functions is 

estimated via maximum likelihood (Cohen et al., 2003; Tabachnick & Fidell, 2013). As such, the 

outcome variable is categorical. It represents the probability or likelihood for responding to an 

item in a predictable manner (correct or incorrect response for binary items or ordinal response 

for polytomous items). The estimated probability for responding to an item is estimated via other 

independent variables (Cohen et al., 2003; Tabachnick & Fidell, 2013). 

Applying this conceptualization of logistic regression to the analysis of DIF, (Rogers & 

Swaminathan, 1993; Swaminathan & Rogers, 1990) proposed and tested their logistic regression 

model for detecting DIF. The logistic regression for detecting DIF mainly consists of three 

components: the total score, the grouping variable, and the product of the interaction between the 

total score and the grouping variable (Rogers & Swaminathan, 1993; Swaminathan & Rogers, 

1990). This functional relationship is statistically expressed in the following equation:  
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Y= B0 + B1X1 + B2X2 + BX1*X2 

The left side of the equation, Y, represent the outcome variable, which is categorical (correct 

or incorrect response to the item in PIRLS). The first part of the equation in the right side, B0, 

indicates the intercept (average probability in the absence of predictors or their relation). The 

second part of the equation in the right side typifies the total score (the randomly selected 

plausible value in PIRLS). This is called the matching ability variable. The third part of the 

equation in the right side represents the grouping variable (the gender of students in PIRLS). 

This is a dummy coded variable: focal group (female students) and reference group (male 

students. The fourth part of the equation in the right side shows the interactions between the 

ability matching variable and the categorical variable gender. 

As it can be seen that this statistical model (the logistic regression) proposed by 

Swaminathan & Rogers (1990) and further tested by (Rogers & Swaminathan, 1993) capitalizes 

on the notion of conditional probability which is estimated by the maximum likelihood method. 

Therefore, the probability responses to the outcome variable (here the correct or incorrect 

response to the test item in PIRLS) are conditioned on three components: the matching ability 

variable (PIRLS plausible value), the grouping variable (student gender), and the interaction term 

between the matching variable and the grouping variable. 

Logistic regression technique has been documented to be a robust and powerful method for 

detecting both DIF (Hidalgo & LÓPez-Pina, 2004; Osterlind & Everson, 2009; Rogers & 

Swaminathan, 1993; Swaminathan & Rogers, 1990; Zumbo, 1999). The logistic regression has 

the capacity to detect uniform and nonuniform DIF. Uniform DIF occurs when “the strength of 

the conditional dependence remains across the underlying 0 continuum” (Osterlind & Everson, 

2009, p. 10). 
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 Said differently, uniform DIF represents the fact that the examinees representing the 

reference and focal groups, respectively, have different probability of success in answering a 

given test item(s). On the one hand, it might be the case that the reference group consistently 

shows higher probability of success compared to the focal group who demonstrates lower 

probability of success on the identified DIF item. On the other hand, it may be the case that the 

focal group consistently demonstrates higher probability of success compared to the reference 

group who shows lower probability of success on the identified DIF item.  Nonuniform DIF is 

observed to occur in the case that “the conditional dependence shifts and changes in degrees or 

direction at different points on the 0 continuum” (Osterlind & Everson, 2009, p. 11). Stated 

differently, nonuniform DIF represents an interaction between examinees’ trait (0) and their 

respective group membership. Thus, this method overcome some of the difficulties associated 

with other methods which do not have the statistical capacity to detect both types of DIF. 

Moreover, Logistic regression has also other advantages. For example, this statistical 

technique has the capacity to detect DIF in small sample size such as 20 items. This is in regard 

to the number of items in a given test, and it is also in terms of the sample size of the participants 

(Hidalgo & LÓPez-Pina, 2004; Osterlind & Everson, 2009; Rogers & Swaminathan, 1993; 

Swaminathan & Rogers, 1990; Zumbo, 1999). 

Most importantly, when logistic regression method compared to confirmatory factor analysis, 

there are a number of differences. For example, logistic regression method for detecting DIF has 

the capacity for controlling for the ability level to evaluate the presence or absence of 

measurement invariance (Osterlind & Everson, 2009; Rogers & Swaminathan, 1993). 
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Chapter 4 

Results  

This study investigated the gender DIF in PIRLS 2016 cycle. This chapter begins with a 

discussion of the analytical procedures for analyzing the data. Subsequently, it proceeds to the 

analysis of the test items and report the presence of DIF or the lack thereof. The results are 

separately reported for each country. Then, there is a section for reporting DIF items that show 

similar patterns across the three countries (Country A, Country B, and Country C).  

Data Analytical Procedures 

This study employed logistic regression to detect gender based DIF in the PIRLS 2016 data. 

For each item, there are three independent variables: the total reading plausible value ability 

score (the fifth plausible value), reported gender of each student, and the interaction between 

total score and gender variable. The statistical model is entered hierarchically following the 

recommendation of previous research (Osterlind & Everson, 2009; Rogers & Swaminathan, 

1993; Swaminathan & Rogers, 1990; Zumbo, 1999). 

Therefore, the total score was entered as the first block, followed by the gender variable as 

the second block, and the ability by gender interaction effect as the third block. Using binomial 

logistic regression, when there is no statistically significant (p  .05) gender effect, no plausible 

value ability effect (p  .05) and no statistically significant (p  .05) interaction effect then the 

item is considered to display measurement invariance, fairness, and internal validity for that 

given item. 

For judging the magnitude of uniform and nonuniform DIF, this study utilized the 

Nagelkerke R square statistic (Zumbo, 1999). This study follows the convention that item 

showing .2 and above of Nagelkerke R square statistic is flagged out as a DIF item (Zumbo, 
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1999). It should be noted that the Nagelkerke R is reported for the full model. It should be noted 

that the 85 multiple choice items along with the gender variable, and the randomly selected 

plausible value (i.e., fifth plausible value) are included in Appendix 1. This is for those who 

would like to replicate the analyses.   

Result for Country A 

In this section, I reported the results of item DIF analysis within the context of country A. I 

analyzed the 85 multiple-choice items in PIRLS 2016 cycle. The logistic regression analyses 

demonstrated the fact that there are a number of DIF items. Out of the 85 multiple choice items, 

there are 20 items that display DIF (R2 ≥ .2) (full model). This number represents approximately 

23.53% of the total number of the multiple-choice items. 

As a matter of fact, the flagged DIF items did not show a single DIF pattern; rather instead, 

they showed both uniform and nonuniform DIF patterns. There are six items that showed 

uniform DIF, while at the same time, there are 14 items which displayed nonuniform DIF. These 

findings can be constructed from a percentage perspective. Therefore, based on the total 

identified DIF items (20 DIF items), uniform DIF represents 30% while the nonuniform DIF 

consistutes 70%. For both uniform and nonuniform DIF see Table 1. In this table, three types of 

information are reported. Accordingly, the coding name of the item is reported along with the 

types of DIF (uniform or nonuniform), the Nagelkerke R square statistic, and the observed alpha 

level, accordingly.  
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Table 1: Uniform and nonuniform DIF Items, R Sqaure, and Observed P Value 

Item Name Uniform DIF Nonuniform DIF Nagelkerke R square statistic Alpha Level 

R11F01M 
 

✓ .351 .007 

R41O01M 
 

✓ .283 .000 

R41O11M 
 

✓ .249 .002 

R21Y01M ✓ 
 

.200 .010 

R21Y02M ✓ 
 

.266 .006 

R31M07M 
 

✓ .213 .025 

R21Y08M 
 

✓ .240 .000 

R31M01M 
 

✓ .304 .032 

R31M14M 
 

✓ .237 .000 

R41H10M 
 

✓ .206 .008 

L21B10M ✓ 
 

.236 .017 

L21B11M ✓ 
 

.377 .013 

R41I05M 
 

✓ .206 .000 

R41I12M 
 

✓ .227 .025 

R41I08M 
 

✓ .356 .001 

R31W03M 
 

✓ .269 .000 

R41T15M 
 

✓ .219 .000 

L21E08M ✓ 
 

.273 .001 

L21E11M ✓ 
 

.231 .017 

L21E17M 
 

✓ .330 .048 

According to the reported findings in Table 1, it can be said that there is no uniformity of the 

explained variance within and across the two types of DIF. As for the uniform DIF items, the 

range of explained variance on the outcome variable by each item separately goes from a 

minimum of approximately 4% to a maximum of 14.21% in the outcome variables, controlling 

for the other variable (in this case the total score). As for the nonuniform DIF items, the 

explained variance in the outcome variable distinctively ranges from a minimum of roughly 

4.24% to maximum of 12.67%, holding the other variables constant (in this case the total score 

as well as the gender). 

Most importantly, the uniform DIF showed a consistent pattern across the focal group 

(female students) and the reference group (male students). That is, male students are found to 

Yahya Alshehri
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have higher means in the identified uniform DIF items compared to their counterparts, female 

students (see Table 2 below). These findings speak to the fact that male students have higher 

probability for endorsing the items correctly than female students after accounting for theta (the 

total score or the ability score). These results indicate that group membership does affect 

students' answers to the PIRLS test multiple choice items. 

Table 2: Means for the Focal and Reference Groups in the Identified Uniform DIF Items 

Item Name Mean for the Focal Group  

(Females) 

Mean for the Reference Group 

(Males) 

R21Y01M -4.215 -3.792 

R21Y02M -4.42 -3.949 

L21B10M -3.667 -3.253 

L21B11M -5.496 -5.035 

L21E08M -4.656 -4.105 

L21E11M -3.94 -3.537 

Interestingly, the nonuniform DIF showed a consistent pattern across the focal group (female 

students) and the reference group (male students). That is, the focal group students tended to 

have higher means in the lower tail of the nonuniform DIF items’ distributions, while at the same 

time the focal group students tended to show higher means in the higher tail of the same 

nonuniform  DIF items’ distributions (see Table 3 below). These findings speak to the fact that 

male students have higher probability for endorsing the items correctly than female students at 

the lower tail of theta after accounting for theta (the total score or the ability score), while they 

have lower probability for endorsing the items correctly at the higher tail of theta. Meanwhile, 

the results also indicate the fact that female students have higher probability for endorsing the 

items correctly than female students at the lower tail of theta after accounting for theta (the total 

score or the ability score). These findings show that there is an interaction between the group 

membership and answering the items either correctly or incorrectly.  
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Table 3: Means for the Focal and Reference Groups in the Identified Nonuniform DIF items 

Item Name Mean for the Focal 

Group 

 (Females) 

Mean for the Reference 

Group 

 (Male) 

Mean  

(Lower Tail) 

Mean  

(Higher Tail) 

R11F01M -6.35 -3.003 R F 

R41O01M -3.038 0.638 R F 

R41O11M -3.387 0.144 R F 

R31M07M -3.252 -1.075 R F 

R21Y08M -2.222 1.93 R F 

R31M01M -3.966 -1.427 R F 

R31M14M -3.137 2.598 R F 

R41H10M -3.041 -0.15 R F 

R41I05M -3.206 1.371 R F 

R41I12M -4.019 -1.661 R F 

R41I08M -4.976 -0.701 R F 

R31W03M -3.714 1.663 R F 

R41T15M -2.316 2.071 R F 

L21E17M -4.474 -2.134 R F 

Further, for visualization purposes, the flagged out DIF items (uniform and nonuniform) are 

graphically display. As an example, two graphs are shown below. Figure 1 shows the presence of 

nonuniform DIF.  Figure 2 shows the presence of uniform DIF. Figure 3 represents the absence 

of DIF. For more graphs see Appendix 2.  

 

 

Figure 1: Nonuniform DIF  
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Figure 2: Uniform DIF 

 
Figure 3: Absence of DIF 
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Result for Country B 

This part of the study is concerned with reporting the findings of DIF analysis within the 

context of country B. Thus, I investigated DIF in the 85 multiple-choice items in PIRLS 2016 

cycle. The logistic regression analyses showed the fact that there is a presence of DIF in a 

number of multiple-choice items. Accordingly, there are 19 items that display DIF out of the 85 

multiple-choice items. The number of DIF represents approximately 22.35% of the total number 

of the multiple-choice items. 

Additionally, it needs to be stated that flagged items did not display a single DIF pattern; on 

the contrary, they showed both uniform and nonuniform DIF patterns. There are five items that 

were flagged out as uniform DIF; meanwhile, there are 14 items which were teased out as 

showing nonuniform DIF. These findings can be construed from a percentage perspective. Thus, 

of the total flagged DIF items (19 DIF items), uniform DIF accounts for 26% while the 

nonuniform DIF constitutes 74%. For both uniform and nonuniform DIF see Table 4. I provided 

in this Table three types of information. These are as follows: the coding name of the item, the 

types of DIF (uniform or nonuniform), the Nagelkerke R square statistic for the whole model, 

and the observed alpha level, subsequently.  
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Table 4: Uniform and nonuniform DIF Items, R Sqaure, and Observed P Value 

Item Name Uniform DIF Nonuniform DIF Nagelkerke R square statistic Alpha Level 

R11F01M 
 

✓ 0.425 .000 

R11F04M 
 

✓ 0.345 .000 

R41O01M 
 

✓ 0.303 .033 

R41O12M 
 

✓ 0.256 .001 

R31M07M 
 

✓ 0.257 .000 

R41H02M ✓ 
 

0.344 .045 

R21Y08M 
 

✓ 0.284 .030 

R31M01M 
 

✓ 0.311 .000 

R31M11M 
 

✓ 0.28 .010 

R31M13M 
 

✓ 0.291 .001 

R41H10M 
 

✓ 0.225 .005 

L21B03M ✓ 
 

0.397 .032 

L21B11M 
 

✓ 0.279 .011 

R11L05M ✓ 
 

0.201 .005 

R11L11M 
 

✓ 0.218 .006 

R31W06M 
 

✓ 0.248 .037 

R31W08M ✓ 
 

0.223 .010 

R41T01M ✓ 
 

0.314 .026 

L21E04M 
 

✓ 0.224 .013 

Based on the presented findings in this table, it can be said that there is no uniformity of the 

explained variance within and across the two types of DIF. As for the uniform DIF items, the 

range of explained variance on the outcome variable by each item distinctively goes 

approximately from as low as 4.04% to as high as 14.21% in the outcome variable, controlling 

for the other variable (in this case the total score). As for the nonuniform DIF items, the 

explained variance in the outcome variable by each item separately ranges from a minimum of 

roughly 4.75% to maximum of 18.06%, holding the other variables constant (in this case the total 

score as well as the gender). 

Of particular importance are the results related to the uniform DIF items. The analyses 

revealed the fact that uniform DIF items showed inconsistent patterns across the focal group 

(female students) as well as the reference group (male students). On the one hand, male students 
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are found to have higher means in three uniform DIF items (R41H02M, R11L05M, and 

R31W08M). On the other hand, female students are found to have higher means in two uniform 

DIF items (L21B03M and R41T01M) (see Table 5 below). These results pinpoint to the fact that 

male students have higher probability for endorsing the items correctly in three DIF items 

mentioned previously compared to their counterparts, female students, after accounting for theta 

(the total score or the ability score). Moreover, the findings also present the fact that female 

students display higher probability for endorsing the items correctly in two DIF items mentioned 

previously compared to their counterparts, male students, after accounting for theta (the total 

score or the ability score). These results indicate that group membership does affect students' 

answers to the PIRLS test multiple choice items.   

Table 5: Means for the Focal and Reference Groups in the Identified DIF items 

Item Name  Mean for the Focal Group  

(Females) 

Mean for the Reference Group  

(Males) 

R41H02M -5.294 -5.046 

L21B03M -3.76 -4.174 

R11L05M -3.842 -3.513 

R31W08M -4.206 -3.9 

R41T01M -4.442 -4.72 

Interestingly, the nonuniform DIF showed a consistent pattern across the focal group (female 

students) and the reference group (male students). That is, the focal group students tended to 

have higher means in the lower tail of the nonuniform DIF items’ distributions, while at the same 

time the focal group students tended to show higher means in the higher tail of the same 

nonuniform DIF items’ distributions (see Table 6 below). These findings speak to the fact that 

male students have higher probability for endorsing the items correctly than female students at 

the lower tail of theta after accounting for theta (the total score or the ability score), while they 

have lower probability for endorsing the items correctly at the higher tail of theta. Meanwhile, 
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the results also indicate the fact that female students have higher probability for endorsing the 

items correctly than female students at the lower tail of theta after accounting for theta (the total 

score or the ability score). These findings show that there is an interaction between the group 

membership and answering the items either correctly or incorrectly.  

Table 6: Means for the Focal and Reference Groups in the Identified Nonuniform DIF items 

Item name Mean for the Focal 

Group  

(Females) 

Mean for the Reference 

Group  

(Male) 

Mean  

(Lower Tail) 

Mean  

(Higher Tail) 

R11F01M -5.802 -3.005 R F 

R11F04M -3.957 -1.015 R F 

R41O01M -3.493 -2.428 R F 

R41O12M -3.687 -1.583 R F 

R31M07M -3.659 -2.429 R F 

R21Y08M -3.659 -2.429 R F 

R31M01M -3.414 0.281 R F 

R31M11M -3.135 -1.625 R F 

R31M13M -3.911 -1.458 R F 

R41H10M -3.33 -1.497 R F 

L21B11M -3.606 -1.981 R F 

R11L11M -3.122 -1.542 R F 

R31W06M -3.416 -1.963 R F 

L21E04M -3.111 -1.304 R F 

Further, for visualization purposes, the flagged out DIF items (uniform and nonuniform) are 

graphically display. As an example, two graphs are displayed below. Figure 4 displays the 

presence of nonuniform DIF. Figure 5 displays the presence of uniform DIF, and Figure 6 shows 

the absence of DIF. For more graphs see Appendix 3.   
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Figure 4: Nonuniform DIF  

 

Figure 5: Uniform DIF 
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Figure 6: Absence of DIF 

Result for Country C 

In this section, I reported the results of item DIF analysis within the context of country C. I 

analyzed the 85 multiple choice items in PIRLS 2016 cycle. The logistic regression analyses 

showed the fact that there is a number of DIF items. Out of the 85 multiple choice items, there 

are 37 items that display DIF. This number represents approximately 43.52% of the total number 

of the multiple-choice items.  

Furthermore, the analyses showed that the flagged items did not have a single DIF pattern. 

On the contrary, they showed both uniform and nonuniform DIF patterns. There are 14 items that 

displayed uniform DIF, while at the same time, there are 23 items which demonstrated 

nonuniform DIF. These results can be constructed from a percentage perspective. Therefore, 

based on the total identified DIF items (37 DIF items), uniform DIF represents 37.83% while the 
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nonuniform DIF constitutes 62.16%. For both uniform and nonuniform DIF see Table 7. In this 

table, three types of information are reported. Accordingly, the coding name of the item is 

reported along with the types of DIF (uniform or nonuniform), the Nagelkerke R square statistic 

for the whole model, and the observed alpha level, accordingly.  
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Table 7: Uniform and nonuniform DIF Items, R Sqaure, and Observed P Value 

Item Uniform DIF Nonuniform DIF Nagelkerke R square statistic Alpha Level 

R11F01M 
 

✓ 0.551 .000 

R11F03M 
 

✓ 0.329 .027 

R11F05M 
 

✓ 0.25 .000 

R11F11M 
 

✓ 0.286 .000 

R11F13M 
 

✓ 0.294 .002 

R41O11M 
 

✓ 0.224 .000 

R41O12M 
 

✓ 0.401 .016 

R21Y02M 
 

✓ 0.318 .038 

R21Y05M 
 

✓ 0.348 .001 

R41H05M ✓ 
 

0.269 .002 

R21Y06M ✓ 
 

0.323 .004 

R21Y08M 
 

✓ 0.351 .026 

R31M03M ✓ 
 

0.252 .003 

R21Y11M 
 

✓ 0.267 .016 

R31M13M 
 

✓ 0.475 .005 

R31M14M 
 

✓ 0.395 .000 

R31M15M 
 

✓ 0.254 .000 

R41H09M 
 

✓ 0.224 .013 

R41H11M ✓ 
 

0.4 .014 

R41H12M ✓ 
 

0.285 .005 

L21B03M ✓ 
 

0.289 .044 

L21B10M ✓ 
 

0.245 .000 

L21B11M 
 

✓ 0.445 .043 

L21B05M ✓ 
 

0.403 .016 

R21K03M 
 

✓ 0.251 .001 

R21K08M 
 

✓ 0.26 .038 

R21K06M ✓ 
 

0.219 .028 

R41I05M ✓ 
 

0.26 .005 

R11L09M 
 

✓ 0.397 .041 

R11L07M 
 

✓ 0.204 .041 

R11L05M ✓ 
 

0.365 .000 

R31W08M ✓ 
 

0.262 .000 

R41T15M 
 

✓ 0.229 .002 

R41T16M 
 

✓ 0.297 .015 

L21E03M 
 

✓ 0.369 .002 

L21E08M ✓ 
 

0.382 .015 

L21E11M ✓ 
 

0.397 .006 

According to the reported findings in the table, it is evident that there is no uniformity of the 

explained variance within and across the two types of DIF. As for the uniform DIF items, the 

range of explained variance on the outcome variable by each item separately goes from a 

minimum of approximately 4.79% to a maximum of 16.24% in the outcome variables, 

controlling for the other variable (in this case the total score). As for the nonuniform DIF items, 
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the explained variance in the outcome variable distinctively ranges from a minimum of roughly 

4.16% to maximum of 3036%, holding the other variables constant (in this case the total score as 

well as the gender).  

Of particular importance is the results related to the uniform DIF items. The analyses 

revealed the fact that uniform DIF items showed inconsistent patterns across the focal group 

(female students) as well as the reference group (male students). On the one hand, male students 

are found to have higher means in all uniform DIF items except for two uniform DIF items. On 

the other hand, female students are found to have higher means in only two uniform DIF items 

(L21B03M and L21B05M) (see Table 8 below).  

The above results speak to the fact that male students have higher probability for endorsing 

the items correctly in twelve DIF items mentioned previously compared to their counterparts, 

female students, after accounting for theta (the total score or the ability score). Moreover, the 

findings also pinpoint to the fact that female students display higher probability for endorsing the 

items correctly in only two DIF items mentioned previously compared to their counterparts, male 

students, after accounting for theta (the total score or the ability score). These results indicate 

that group membership does affect students' answers to the PIRLS test items.  
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Table 8: Means for the Focal and Reference Groups in the Identified DIF items 

Item name Mean for the Focal Group  

(Females) 

Mean for the Reference Group 

(Males) 

R41H05M -4.911 -4.643 

R21Y06M -5.073 -4.813 

R31M03M -4.504 -4.248 

R41H11M -5.73 -5.481 

R41H12M -4.334 -4.076 

L21B03M -2.911 -3.213 

L21B10M -4.097 -3.634 

L21B05M -5.019 -5.287 

R21K06M -3.91 -3.72 

R41I05M -4.654 -4.41 

R11L05M -5.366 -5.019 

R31W08M -4.163 -3.767 

L21E08M -5.28 -5.04 

L21E11M -5.487 -5.219 

Interestingly, the nonuniform DIF showed a consistent pattern across the focal group (female 

students) and the reference group (male students) except for one nonuniform DIF item 

(R21K08M). That is, the focal group students tended to have higher means in the lower tail of 

for almost all the nonuniform DIF items’ distributions, while at the same time the focal group 

students tended to show higher means in the higher tail for almost all the same nonuniform DIF 

items’ distributions (see Table 9 below). These findings speak to the fact that male students have 

higher probability for endorsing the items correctly than female students at the lower tail of theta 

after accounting for theta (the total score or the ability score), while they have lower probability 

for endorsing the items correctly at the higher tail of theta except for one item (R21K08M). 

Meanwhile, the results also indicate the fact that female students have higher probability for 

endorsing the items correctly than female students at the lower tail of theta after accounting for 

theta (the total score or the ability score) except for one item (R21K08M). These findings show 
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that there is an interaction between the group membership and answering the items either 

correctly or incorrectly.  

Table 9: Means for the Focal and Reference Groups in the Identified Nonuniform DIF items 

Item 

Name 

Mean for the Focal 

Group  

(Females) 

Mean for the Reference 

Group  

(Males) 

Mean  

(Lower Tail) 

Mean  

(Higher Tail) 

R11F01M -7.706 -5.185 R F 

R11F03M -4.777 -3.964 R F 

R11F05M -4.683 -2.281 R F 

R11F11M -3.871 -0.631 R F 

R11F13M -3.99 -2.418 R F 

R41O11M -3.081 -1.274 R F 

R41O12M -5.908 -4.536 R F 

R21Y02M -4.365 -3.318 R F 

R21Y05M -5.387 -3.224 R F 

R21Y08M -4.915 -3.926 R F 

R21Y11M -4.178 -2.815 R F 

R31M13M -6.281 -4.141 R F 

R31M14M -5.452 -2.685 R F 

R31M15M -3.884 -2.118 R F 

L21B11M -5.597 -4.336 R F 

R21K03M -4.117 -2.504 R F 

R21K08M -5.198 -6.181 F R 

R11L09M -4.816 -3.701 R F 

R11L07M -3.85 -2.705 R F 

R41T15M -3.354 -1.81 R F 

R41T16M -3.871 -2.409 R F 

L21E03M -4.574 -3.054 R F 

Further, for visualization purposes, the flagged out DIF items (uniform and nonuniform) are 

graphically display. As an example, two graphs are shown below. Figure 7 shows the presence of 

nonuniform DIF.  Figure 8 shows the presence of uniform DIF. Figure 9 represents the absence 

of DIF. For more graphs see Appendix 4.   
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Figure 7: Nonuniform DIF  

 

Figure 8: Uniform DIF  
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Figure 9: Absence of DIF 

Results Across the Countries 

In this section, I report findings across the countries. That is, I looked for similarity of DIF 

items in all or two countries. The analyses revealed that there are a number of items that showed 

DIF in two or more countries. However, some DIF items showed uniform DIF while other items 

displayed nonuniform DIF. For both uniform and nonuniform DIF across two or more countries 

see Table 4. In this table, relevant information is reported. Accordingly, the coding name of the 

items is reported along with the types of DIF (uniform or nonuniform) in two or all countries.  
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Table 10: Descriptive comparisons of DIF Items among Countries 

Item Uniform DIF Nonuniform DIF 

 Country A Country B 
Country 

C 
Country A Country B 

Country 

C 

R11F01M    ✓ ✓ ✓ 

R21Y08M    ✓ ✓ ✓ 

L21B11M ✓    ✓ ✓ 

R41O01M    ✓ ✓  

R31M07M    ✓ ✓  

R31M01M    ✓ ✓  

R41H10M    ✓ ✓  

R41O11M    ✓  ✓ 

R21Y02M ✓     ✓ 

R31M14M    ✓  ✓ 

L21B10M ✓  ✓    

R41I05M   ✓ ✓   

R41T15M    ✓  ✓ 

L21E08M ✓  ✓    

L21E11M ✓  ✓    

R41O12M     ✓ ✓ 

R31M13M     ✓ ✓ 

R31W08M  ✓ ✓    

According to the Table above, there are a number of items that demonstrated comparable 

DIF patterns across the three countries. That is, there are three items that showed DIF in all of 

the three countries. However, all the DIF items showed nonuniform DIF across the three 

countries except for one DIF item. This DIF item showed nonuniform DIF in country B and 

country C while displaying uniform DIF in country A. 

Additionally, there are a number of items that showed DIF patterns across two countries. In 

that, there are four items displaying DIF patterns in country A and country B. All of these DIF 

items displayed nonuniform DIF. There are also eight items which demonstrated DIF patterns 

across country A and country C. However, not all the items across these countries displayed a 

single DIF pattern. That is, while there are three items that showed uniform DIF, there are three 

items which indicate nonuniform DIF. The two other items showed a combination of both 

uniform and nonuniform DIF across the two countries. This means that while one showed 
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uniform DIF in country A, it showed nonuniform DIF in country C, and vice versa for the other 

item. Lastly, there are three items which displayed DIF patterns across country B and country C. 

All the items showed nonuniform DIF except for one item that indicated uniform DIF across 

these two countries.  
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Chapter 5 

Discussion and Conclusion 

In this chapter, I discuss the results regarding the presence of gender DIF in PIRLS 20016 

cycle in light of the literature. I then present some of the study implications. Subsequently, I 

provided some limitations and future directions and sum up with a brief conclusion.  

Research Findings 

As Indicated previously, international assessments have been considered as critical forces 

that have impacts within and across countries. Accordingly, this study is concerned with the 

validity interpretations and inferences and fairness of international assessment. It did so within 

country users.  

This study empirically investigated the internal validity and fairness of PIRLS 2016 cycle at 

the item level to check for measurement invariance and statistical biases of item performance 

with regard to the gender of the test takers across three countries, having a common language. It 

was hypothesized that empirical gender DIF should not be present in the PIRLS test’s items. 

Separate logistic regression analyses were conducted for each country. 

This investigation contributes to shedding more light on the psychometric properties of 

PIRLS in terms of its validity interpretation, inferences, and fairness. This is due to the fact that 

these psychometric aspects are ongoing processes and essential features of any professionally 

sound test (AERA et al., 2014; Camilli, 2006; Kane, 2006, 2013; Messick, 1995, 1989).In 

addition, his study responded to disproportionately desperate calls for investigating the 

psychometric characteristics and interpretability of small and large-scale tests in general and 

PIRLS in particular (Lenkeit & Schwippert, 2018; Pizmony-Levy & Associates, 2014; 

Martinková, Drabinová, Liaw, Sanders, McFarland, & Price, 2017; Singer & Braun, 2018) as 
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well as for attending to a number of raised concerns and criticisms of the psychometric 

properties of ILSAs (Braun & Singer, 2019; Kato, 2016). 

Interestingly, while this study posed the following question: Are international assessments, in 

this case PIRLS as an example, fair, invariant, and equitable to country users? This study has 

sufficient evidence for rejecting the proposed hypothesis. Using logistic regression for DIF 

analysis (Swaminathan & Rogers, 1990), the study found the presence of DIF in PIRLS 85 

multiple choice items. This is indicated and flagged out within each country. 

The results of this study support the findings of other previous studies that investigated DIF 

in general or gender DIF in particular in International Large-Scale Assessments (Cheema, 2019; 

Le, 2009; Schwabe at el., 2015; Yalçın, 2017; Yildirim, 2019). In addition, the findings of this 

study specifically corroborated with the results reported in studies investigating PIRLS, in 

particular (Schwabe at el., 2015).   It identified a varying number of DIF items within each 

country, which was the focus of this investigation. In the following paragraphs, I am going to 

discuss the general findings of this study. 

Importantly, the quantity of DIF items within each country is not the same. As for country A 

and country B, there are 20 and 19 DIF items, respectively, in each country. However, the 

number of DIF items in country C is disproportionately different than the number of DIF items in 

country A and country B. That is, there are 36 DIF items in country C. As it can be seen that the 

patterns of DIF number vary across the three countries, most noticeably country C. 

Additionally, while the number of DIF items differ within each country, so does the quantity 

of uniform and nonuniform DIF items. That is, the number of uniform and nonuniform DIF 

items show different patterns within each country. The analyses for each country reveal different 

patterns. As for country A, the analyses pinpoint the fact that while there are 20 DIF items in this 



 56 

country, six of which show uniform DIF items. As for country B, the analyses indicate the 

findings that while there are 19 DIF items in this country, five of which display uniform DIF 

items. As for country C, the analyses speak to the fact that while there are 36 DIF items in this 

country, fourteen of which show uniform DIF items. As it can be seen that the patterns of 

uniform DIF number vary across the three countries, most noticeably country C. 

Interestingly, it is evident that the quantitative and qualitative patterns of DIF items vary 

within and across the three countries. Generally speaking, although it is concerning to observe 

the presence of a large number of DIF items in PIRLS tests within the investigated countries, it is 

more worrying to see more DIF items in Country C. This is due to the observation that the 

percentage of DIF items in this country constitute approximately 45% of the 85 multiple choice 

test items. 

Although the three countries selected in this study share the same language, the presence of 

DIF varies disproportionately. There are a number of factors that might be contributing to such a 

phenomenon. Of particular interest is the notion of homogeneity in the society. As such, country 

A and country B do show mostly homogeneous society while country C does show high 

proportion of heterogeneous groups constituting that society. These patterns of homogeneity and 

heterogeneity across the societies in these countries will surely shape, influence, and characterize 

many societal features in these countries. 

As such, there are a great number of questions that can be raised: What are the beliefs and 

values systems in these societies? How do people in these societies conceive of education in 

general and schooling in particular? What are the expected roles of male and females in these 

societies? These questions are examples just to show how education and schooling get affected 

and shaped by the approximate as well as the remote environments. As such, it might be the case 
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that students in country C might be representing various groups who hold various values and 

beliefs of the roles of females and male students. Consequently, the development and 

implementation of PIRLS test might have not accounted for such an observation, thus the huge 

differences of item functioning across participating countries, in this case, country A, B, and C. 

Additionally, this study reports the results of descriptive analyses across the three countries. 

It found that there are 18 that show the same uniform or nonuniform DIF patterns across at least 

two countries. This speaks unequivocally to the unfairness presence in PIRLS across these three 

countries. It also raises some concerns regarding the validity interpretation and inferences of the 

PIRLS test in these countries at that particular time. 

Most importantly, it is important to discuss the notion of uniform and nonuniform DIF. 

Plainly, the PIRLS test items that showed nonuniform DIF present an inherent difficulty of 

interpreting them (Angoff, 1993). This is due to the fact that male and female students show no 

consistent performance along the continuum ability or theta level. In that, at some levels on the 

theta or ability continuum some segment of female students showed lower performance on one 

identified nonuniform DIF item compared to some segment of male students; meanwhile, some 

other female students display higher performance compared to some other males on the same 

item but at different levels on the theta or ability continuum. 

This type of performance on the nonuniform DIF items is also empirically evident in the 

behaviors of male students. That is, at some levels on the theta or ability continuum some 

segment of male students showed lower performance on one identified nonuniform DIF item 

compared to some segment of female students; at the same time, some other male students 

display higher performance compared to some other females on the same item but at different 

levels on the theta or ability continuum. 
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It needs to be stressed that the patterns of performance of female and male students are not 

consistent across all the identified nonuniform DIF items. For more information and elaboration 

please consult the nonuniform graphs in the appendix. 

While there is an inherent and embedded difficulty and intricacies in discussing and expound 

a clear and instructive understanding of nonuniform DIF, it is unambiguous and crystal clear 

when it comes to the discussion of uniform DIF. This is due to the fact that the performance of 

students, be they females or males, is consistent across the theta or ability levels. That is, one 

group of students, let us say male students, outperform or underperform the other group of 

students, let us say female students, along the theta continuum. 

Generally speaking, the findings of this study speak to the general observation that uniform 

DIF items within each country mostly favor or advantage the reference group, male students. As 

such, male students tended to have higher probability for correctly answering the identified 

uniform DIF items compared to their counterpart, the focal group, female students. 

Most importantly, the findings of uniform DIF items might speak to the notion that the 

performance of female students taking PIRLS test in these countries might be underestimated. 

This might confirm the disadvantages encountered by female students, particularly in educational 

settings. This, in fact, might systematically increase the notion and sense of superiority of male 

students and inferiority of female students. As a result, PIRLS test might, directly or indirectly, 

exacerbate bitterly the educational experience of female students, resulting in more 

disadvantages. All in all, this study shows concerning findings. This is especially apparent in the 

case of uniform DIF items that present unfairness and mostly systematic bias against female 

students. 
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Implications 

The presence of DIF in PIRLS multiple choice items raises the question of the validity 

interpretation, inferences, and fairness of the test scores of the test takers. This is incongruent 

with the highly recommended practices for establishing, implementing, and disseminating 

“good” and professionally sound tests (AERA et al., 2014; Camilli, 2006; Kane, 2006, 2013; 

Messick, 1995, 1989). As such, this study encourages all stakeholders to put forth the necessary 

effort and resources in order to ensure that PIRLS in particular as well as other ILSA tests in 

general hold strongly to the psychometrics assumptions, guidelines, and practices that have been 

highlighted in the literature. This is due to the fact any psychometrics properties of a test need to 

be checked and updated as long as this test is being used and implemented. 

Therefore, this study has some implications for various parties. First and foremost, test 

developers of PIRLS need to conduct empirical review of the test items as logical review not 

sufficient for ensuring that the test is free or, at minimum, impacted by unfairness and systematic 

bias. It does not matter which factor or factors causing the unfairness and the systematic bias; the 

test developers have to handle professionally issues as they relate closely to many psychometric 

properties of the test. This study along with others that has been done previously are attempts to 

ignite and kindle continuous empirical investigation in this regard. 

Another implication is that policy makers within each country that participated in PIRLS in 

particular and/or other ILSA tests should put in clear and strong policies that guide and 

coordinate the conceptualization, adoption, implementation, and dissemination of ILSAs. These 

policies might help in making sure that those who are responsible for the coordination and 

implementation of PIRLS and/or ILSA tests have the expertise to handle professionally all the 

issues regarding the psychometric properties of international tests. As such, the coordination of 
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ILSAs should be the responsibility of various individuals who hold and represent various 

expertise. For instance, the collective entity or group might include methodologists, evaluators, 

psychologists, sociologists, anthropologists, and linguists, just to name a few. This is in order to 

make sure that the conceptualization, adoption, implementation, and dissemination of ILSAs are 

performed at the highest possible professional standards.  

Limitations and Future directions  

This study would like to highlight some limitations that might be overcome by future 

research. For example, this study employed separate logistic regression analysis (Swaminathan 

& Rogers, 1990) across the three countries; this, in fact, presents some limitations. For instance, 

there are variances that are not accounted for when using this statistical technique. This is due to 

the fact that the PIRLS data represents what is called nested data. In that, the students are nested 

within a particular classroom, the classrooms are nested within specific schools, and schools are 

nested within a region and/or nation. 

Therefore, the nestedness of the data calls for sophisticated statistical techniques for account 

for the multiple or nested variances embedded with and manifested in this type of international 

tests. As a start, future research might decide to due within country DIF analysis using multilevel 

modeling statistical technique. Future research might also try to employ multinomial logistic 

regression to account simultaneously for DIF items within and across the three countries.  

Finally, this study employed random effect analyses. That is, it selected three countries 

sharing a common language. Future research may decide to do random effect analyses. That is, 

future research might select randomly greater number of countries having a common language 

for doing DIF analyses. In addition, future research may add another group of countries sharing 
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another common language and do DIF comparable analyses.  Doing so might increase the 

generalizability of the findings of DIF or the lack thereof.   

In addition, this study also investigated gender DIF within a limited number of 

randomly selected countries that speak a common language. Future research might apt 

to randomly select more countries that are speaking a common language as well as countries that 

are speaking different languages. Doing so will increase the generalizability of the findings.    

Conclusion 

This study empirically explored the internal validity and fairness of PIRLS 2016 cycle at the 

item level. This is in order to check for measurement invariance and statistical biases of item 

performance in regard to the gender of the test takers across three countries which have a 

common language. The logistic regression analyses indicate the presence of gender DIF within 

the three countries. The identified DIF items show varying patterns and types. That is, the results 

show the presence of uniform and nonuniform DIF items. This study concludes with some 

implications for various stakeholders. It also indicates some limitations and calls for future 

directions. 
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Appendix1 

The analyzed 85 multiple choice items, the grouping variable, the plausible value: 

 

"R11F01M" "R41H05M" "L21B11M" "R11L07M" "L21E06M" 

"R11F02M" "R21Y06M" "L21B05M" "R11L05M” "L21E08M" 

"R11F03M" "R21Y07M" "L21B06M" "R11L11M" "L21E09M" 

"R11F04M" "R21Y08M" "L21B14M" "R31W03M" "L21E11M" 
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Appendix2 

Graphs for Country A showing Uniform and nonuniform DIFs: 
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Appendix3 

Graphs for Country B showing Uniform and nonuniform DIFs: 
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Appendix4 

Graphs for Country C showing Uniform and nonuniform DIFs: 
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