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Differential Item Functioning (DIF) analysis is always an indispensable methodology for detecting item and test bias in the arena of language testing. This study investigated grade-related DIF in the General English Proficiency Test-Kids (GEPT-Kids) listening section. Quantitative data were test scores collected from 791 test takers (Grade 5 = 398; Grade 6 = 393) from eight Chinese-speaking cities, and qualitative data were expert judgments collected from two primary school English teachers in Guangdong province. Two R packages “difR” and “difNLR” were used to perform five types of DIF analysis (two-parameter item response theory [2PL IRT] based Lord’s chi-square and Raju’s area tests, Mantel-Haenszel [MH], logistic regression [LR], and nonlinear regression [NLR] DIF methods) on the test scores, which altogether identified 16 DIF items. ShinyItemAnalysis package was employed to draw item characteristic curves (ICCs) for the 16 items in RStudio, which presented four different types of DIF effect. Besides, two experts identified reasons or sources for the DIF effect of four items. The study, therefore, may shed some light on the sustainable development of test fairness in the field of language testing: methodologically, a mixed-methods sequential explanatory design was adopted to guide further test fairness research using flexible methods to achieve research purposes; practically, the result indicates that DIF analysis does not necessarily imply bias. Instead, it only serves as an alarm that calls test developers’ attention to further examine the appropriateness of test items.

Keywords: grade, DIF, GEPT-Kids, listening, mixed-methods approach


INTRODUCTION

It is self-evident that language tests should be fair to all the test takers, rather than favoring or disfavoring any test taker groups because of construct-irrelevant issues such as gender, age, and native languages. This, however, cannot always be guaranteed no matter how carefully tests are designed. Conscientious test developers are expected to provide research evidence for the quality of their tests including the absence of bias (Kunnan, 2017). A well-known method to address this problem is the Differential Item Functioning (DIF) analysis, which examines whether test items function differentially toward two testing groups after controlling for the ability level of the groups (Holland and Wainer, 1993). Numerous scholars and test standards have advocated this method for the purpose of detecting construct-irrelevant and biased test items and improving test validity and fairness (e.g., Camilli and Shepard, 1994; Kunnan, 1997, 2000, 2004, 2017; Xi, 2010; Martinková and Drabinová, 2018).

Empirical studies have conducted DIF analysis to detect problematic test items, providing evidence for test quality and fairness. Existing studies, however, have mainly focused on the DIF effect toward testing groups classified by native languages (Abbott, 2007), gender (Aryadoust et al., 2011; Grover and Ercikan, 2017), and age (Geranpayeh and Kunnan, 2007; Aryadoust, 2012; Banerjee and Papageorgiou, 2016; Oliver et al., 2018). It is commonly known that learners of the same age may be placed into different grades, meaning that their years of English learning are different. But the grade-related DIF, emphasizing years of receiving English education, in tests for young children has been under-researched. The grade DIF usually occurs due to the discrepancy of grade levels. In other words, since higher grade students tend to be more cognitively developed due to their extra years of receiving English education, it is speculated that they are likely to be favored in a test even when the overall ability of the higher and the lower grade students is controlled for (i.e., they are more likely to get the correct answer even if they have the same overall ability as the lower grade students). Therefore, the indispensability of grade cannot be neglected in that it might influence test takers’ test performance, and further challenge the fairness and validity of the assessment.

While DIF items can be easily detected due to the development of statistical methods and software, relevant studies have rarely provided sound explanations for the existence of DIF. Geranpayeh and Kunnan (2007) reported that existing studies mainly focus on detecting DIF items, rather than identifying DIF sources. Similarly, Zumbo (2007) also pointed out this problem and called for exploring the reasons for DIF. In fact, some studies have made efforts to answer this why question (e.g., Li et al., 2004; Yao and Chen, 2020). However, only a weak relationship was found between gender DIF and task types, but no convincing explanations could be provided (see detailed discussion in the next section).

Considering the above-mentioned reasons, this study aims to detect grade DIF in a test for children, the GEPT-Kids (listening section1), and to find out potential reasons for such DIF. The GEPT-Kids claims that it is designed for primary school students but does not specify for which grade (Language Training and Testing Center, LTTC, 2015; Kunnan and Liao, 2019). Hence, it ought to be fair to all the pupils, rather than functioning differentially toward different grades. However, this has not been supported by empirical research evidence, which will be addressed in the current study.



LITERATURE REVIEW

On account of the development of methods, empirical DIF studies have a relatively long history. Geranpayeh and Kunnan (2007) listed relevant studies in language testing from 1980 to 2005. Later, Kunnan (2017) continued to summarize DIF studies conducted from 1980 to 2017. Table 1 updates Kunnan’s (ibid) list by including more studies in the arena of language assessment during the same period. As the table shows, most of the existing DIF studies have placed the foci on L1 language, gender, age, and academic major. None of them have examined grade DIF, which, as argued in the introduction, is an influential factor for children due to years of English learning. In addition, tests for young children tend to be ignored in studies of this type. In terms of analytical methods, few of the existing studies used multiple methods. Therefore, their results may not be as precise or comprehensive as expected.


TABLE 1. DIF studies in language testing (1980–2017).
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 Another deficiency with existing studies is that they can hardly give convincing explanations for the DIF effect that they found. At the early stage, Angoff (1993) concluded that DIF results are often confounding because it cannot be explained the reasons that some perfectly reasonable items are flagged. This question is still not well solved today, even though researchers have tried to explain DIF items. There are mainly two approaches to investigating DIF reasons: exploratory and confirmatory approaches. The exploratory approach detects DIF items first with statistical methods and then asks content experts to look for possible reasons for the DIF effect. Geranpayeh and Kunnan (2007) adopted this approach and proposed some reasons for DIF (e.g., the multidimensionality of test items). However, the reliability of explanations based on content experts’ experience and speculation sometimes is in doubt. The confirmatory approach is theory-based and hypothesis-driven. It first proposes hypotheses based on relevant literature, then detects DIF items, and finally checks the correctness of the hypotheses. For example, Li et al. (2004) attempted to find out the relationship between test items characteristics and gender DIF by coding test items based on Ibarra’s (2001) multi-context theory and Gallagher’s (1998) cognitive structure analysis approach. Correlation analyses between coded DIF index and detected DIF index suggested that multi-context theory-based approach could predict gender DIF more effectively (cf. Li et al., 2004). While this study shows that test items with certain characteristics tend to favor a particular group of test takers, and it inherently does not explain why such a relationship exists or why some test items with the same characteristics do not favor any group. Potential DIF sources are fruitful and reasons for DIF may vary across items. The confirmatory approach, however, tends to confine its focus to a particular reason and overgeneralizes this reason to all the items.

By contrast, the exploratory approach is open to any reasonable explanations and treats each question as a unique item with its own DIF sources. Therefore, the exploratory approach is considered to be more appropriate in exploring DIF sources in the current study. Since expert judgment alone does not give reliable reasons, Ercikan et al. (2010) used verbal report protocols of test takers to confirm DIF sources identified by experts. Such triangulation is supposed to improve the reliability of the study.

In view of the research gaps identified above and the merits and demerits of different research methods, the current study aims to examine grade-related DIF in the GEPT-Kids (listening section) through different analytical methods and explore the potential DIF sources through expert judgment and post-test interviews. To achieve these purposes, the following research questions are raised to guide the research.


(1)Are there any items in GEPT-Kids Listening exhibiting DIF toward different grade groups (Grade 5 and Grade 6)?

(2)What are the possible reasons for the detected grade DIF?





METHODS

To address the research questions, a mixed-methods sequential explanatory design was adopted in this study with two phases (Creswell et al., 2003; Ivankova et al., 2006). A quantitative DIF analysis was conducted to identify potential grade DIF items in GEPT-Kids listening (phase I). Then, qualitative expert judgment was conducted to find out the potential reasons for the detected grade DIF (phase II).


Data Collection

Quantitative data used in this study were 791 pupils’ test scores in a GEPT-Kids listening test. The 791 participants (Grade 5 = 398; Grade 6 = 393) were English as a Foreign Language (EFL) learners from eight Chinese-speaking cities (i.e., Beijing, Shanghai, Guangzhou, Hong Kong, Macau, Taipei, Taichung, and Kaohsiung). The number of male (N = 399) and female (N = 392) students is similar. All the participants started learning English in Grade 1, and their first language is Chinese and second language is English. The GEPT-Kids listening test paper included four parts and 25 multiple-choice questions in total, with each item carrying one point. The test aims to test pupils’ understanding of common words, phrases, and simple sentences used in familiar topics that pupils may encounter in their daily life and school context (LTTC, 2015). The data were collected in a GEPT-Kids related project funded by LTTC2 in 2016–2017. The research assistants in this project went to the above-mentioned cities and administered the test in a Grade 5 and a Grade 6 class in each city. Then, the test papers were scored, and the results were input. The current study has gained permission from the LTTC to use relevant data.

Qualitative data were gained from expert judgment by two primary school English teachers in China. They both passed the Test for English Majors-Band 8 (TEM-8) and have been teaching English in the primary school in Guangdong province for more than ten years. Additionally, they are experienced in developing and designing tests for pupils. Firstly, the two teachers were asked to read the whole test paper carefully and judge whether certain items may favor Grade 5 and Grade 6 students and why. Then, they were informed which items were flagged as DIF items and tried to find out potential reasons. The two teachers sent their thoughts and opinions to the researchers during their analysis.



Data Analysis

The quantitative data (i.e., test result) were analyzed by the Statistical Package for the Social Sciences (SPSS) v.24.0 and the RStudio. Firstly, SPSS v.24.0 was used to conduct a descriptive analysis of the test result. Mean and point-biserial correlation coefficients (item discrimination) were calculated to present an overview of the test result. Then, RStudio v.3.6.1 (R Studio Team, 2019) was used to conduct DIF analyses. Even though many DIF methods are available, different methods show different results and consensus has not been achieved on which method is the best. A feasible solution is to use different methods and examine all the results, in which way we may get closer to the truth that we are looking for Zumbo (2007); Zumbo et al. (2015). Also, even though various software has been developed for those DIF methods, such as the simultaneous item bias test (SIBTEST, Shealy and Stout, 1993), Differential Item Functioning Analysis System (DIFAS, Penfield, 2005, 2013), BILOG-MG (Zimowski, 1998), Item Response Theory for Patient-reported Outcomes (IRTPRO, Cai et al., 2011), not all of them are free, and more essentially, able to apply different methods [see Liu et al. (2019) published on Frontiers in Psychology for specific DIF methods discussion]. In terms of accessibility and flexibility, RStudio is an ideal tool, which is open to the public and allows the installation of various R packages to perform different kinds of analysis. Therefore, RStudio was chosen to conduct multiple DIF analyses. In RStudio, two R packages “difR” (Magis et al., 2010) and “difNLR” (Drabinová and Martinková, 2017; Hladka and Martinkova, 2020) were used to perform five types of DIF analysis (two-parameter [2PL] IRT based Lord’s chi-square and Raju’s area tests, MH, LR, and NLR DIF methods) on the test result. As different methods may flag different DIF items, the above-mentioned methods were taken to make the analysis as exhaustive as possible. Besides, ShinyItemAnalysis package (Martinková and Drabinová, 2018) was used to display item characteristic curves (ICCs) in RStudio to give a direct visual presentation about which test group the DIF items favor. Default settings were used for all the DIF analyses, interested readers may consult the manuals of related R packages online.

In the DIF analyses, it was hypothesized that Grade 6 students might be favored while Grade 5 students might be disfavored. The rationale is that for young children, grades are very likely to influence their test performance because different grade students vary in learning curriculums, psychological status, and other aspects. Even when the overall levels of different grade students are controlled for, Grade 6 students still tend to be favored (i.e., more likely to get the correct answer) because they are more cognitively developed, having larger working memory capacity and better comprehension of language, gaining more exposure to English and tests, and having been learning English for one more year. Since all of these developmental features seem to advantage higher grade students, in this study, Grade 6 was set as the reference group and Grade 5 as the focal group (the group at the risk of being disfavored, see Jiao and Chen, 2014).

The qualitative data were the two teachers’ self-reported thoughts during the analysis of the test paper. Their thoughts were summarized and reported below.




RESULTS


Descriptive Statistics

Table 2 presents the descriptive statistics of the test performance data, which show the item difficulty and item discrimination. The mean of test items ranges from 0.52 to 0.98 for Grade 5 and from 0.65 to 0.98 for Grade 6. The highest mean for both Grade 5 and Grade 6 students lies in L9 and L12, and the lowest mean lies in L21. This result implies that students from both performed well on items L9 and L12, but poorly on item L21. The mean of most items is above 0.80, indicating that the test might be too easy for the test takers. In terms of item discrimination, most items have a discrimination level above 0.30 (McCowan and McCowan, 1999), indicating that they can discriminate test takers to some extent. To be more specific, high scorers are more likely to answer the items correctly, while low scorers are more likely to answer the items incorrectly. However, five items (L1, L3, L4, L5, and L9) may not be able to discriminate test takers at different levels because their corrected item-total correlation is too low (<0.30, McCowan and McCowan, 1999).


TABLE 2. Descriptive analysis of test performance data.
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Differential Item Functioning Results

Table 3 summarizes DIF items flagged by different methods. From the table, the nonlinear regression test is the most sensitive method, detecting the most DIF items (14 items, over half of the total 25 items). On the other hand, 2PL IRT based Lord’s chi-square test and MH test are the least sensitive methods, detecting the fewest DIF items (four items). Five methods altogether flagged 16 items (i.e., L2, L3, L4, L6, L7, L9, L13, L15, L16, L17, L19, L20, L21, L22, L23, and L25) with potential DIF effect, which represent 64% of the total items. Among which, item L15 was flagged as DIF for the most times (four times). All these results were significant at 0.05 level (p < 0.05) and the effect sizes for the flagged items were moderate or large.


TABLE 3. DIF items flagged by different methods.
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 The ICCs of the flagged 16 items show details about their DIF effect, which is displayed in Table 4. According to the table, four items have little DIF effect. The little effect represents that the test items are detected as DIF items, but the effect is minimal or even negligible. Also, six items favor Grade 6 students; four items favor Grade 5 students; and two items have non-uniform DIF effect (i.e., favoring one group at lower ability level and favoring the other group at higher ability level). Due to the space limit, not all the ICCs can be presented here; only an example of each DIF type is presented below.


TABLE 4. Types of DIF effect.
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 The ICCs show that the DIF effect of L6, L7, L16, and L17 is minimal. Taking L16 as an instance (see Figure 1), the two lines of the reference group and the focal group are almost identical, indicating that test takers at different levels have almost the same probability to get the correct answer. A striking feature is that most of the items, as predicted, favor Grade 6 students. As L3 in Figure 2 shows, at the lower ability level, the reference group (Grade 6) has a higher probability to get the correct answer. Surprisingly, there are four items favoring grade 5 students. For example, Figure 3 shows that at the lower ability level, the focal group (Grade 5) students are more likely to get the correct answer. Besides, L15 and L21 present a complex non-uniform DIF effect. As Figure 4 shows, at lower ability level, the focal group is more likely to get the correct answer, while at higher ability level, the reference group has a higher probability to get the correct answer.
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FIGURE 1. ICC of listening L16.
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FIGURE 2. ICC of listening L3.
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FIGURE 3. ICC of listening L2.
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FIGURE 4. ICC of listening L21.




Expert Judgment

Expert judges were used to corroborate the findings from the DIF study. Without being told which items were identified in the DIF analysis, the two teachers who took part in the study could not identify any problems related to the grade factor with the test items. They did not think that any items would favor students in Grade 5 or Grade 6. After being told which items were flagged, they tried to come up with reasonable explanations for particular students being favored on certain items. They suggested that four items that may cause DIF: L20, L21, L22, and L25. For example, L21 asks what is Nina going to do this evening? with three options: A. See Dr. Li; B. Watch a ball game; C. Stay at home. The possible reason that they could think of is that be going to structure is not taught until the second term of Grade 5. Grade 5 students might have not learned this structure yet at the time of the data collection. Therefore, Grade 6 students might be favored on these four items with the be going to structure. Nevertheless, no plausible explanations could be given for other flagged items. For example, L2 requires test takers to look at a picture (a pair of socks) and judge whether what they hear (This is a pair of socks.) is the same as the picture. In the teachers’ opinion, test items like this one was considered fair to Grade 5 or Grade 6 students, because the topic and language were familiar to students in both grades, although these items were flagged as DIF items in the DIF analyses.




DISCUSSION AND CONCLUSION

This study used a sequential explanatory mixed-methods design to detect DIF items in GEPT-Kids Listening. Different methods identified different potential DIF items, which may undermine the reliability of the analysis. Some researchers (e.g., Ferne and Rupp, 2007) recommend using multiple methods to validate DIF results. This study found that cross-validation may not be achieved through this way. Even though the five methods detected many potential DIF items, there were no items flagged by all of the five methods. The true value of using multiple DIF methods might be that they can detect potential DIF items to a larger extent and remind test developers to further examine those items. In addition, a potential limitation of research methods was that this study did not use correction for multiple comparisons in methods where DIF is tested item by item. Future DIF studies may try to use correction for multiple comparisons when they adopt multiple methods to conduct DIF analyses.

Similar to many of the previous studies (e.g., Uiterwijk and Vallen, 2005; Geranpayeh and Kunnan, 2007; Song et al., 2015), this study did not find convincing reasons for the DIF effect or any evidence of bias with the DIF items. It was suspected that L20, L21, L22, and L25 may favor Grade 6 because they contain be going to structure which is not taught until in the second term of Grade 5. This speculation makes sense to some extent. However, it does not explain why L21 exhibits non-uniform DIF, rather than favoring Grade 6 only. In addition, the two teachers’ speculation was solely based on their teaching experience in Guangdong province, so it may not be appropriate for this explanation to be generalized to other areas. Besides, there is no golden standard, i.e., criteria or rubrics, for teachers to appraise the suitability of test items in terms of grade. Moreover, even if the be going to structure is the reason for certain items favoring Grade 6, it does not mean that those items are biased, because language knowledge is a construct-relevant issue. The Grade 5 students have not learned this structure is not the problem with the test items themselves. In GEPT-Kids Listening, no evidence of bias could be found with the DIF items, which suggests that those items are not problematic. It is to be hoped that further research using expert judgment could consider containing more experts to share their opinions and feedback.

Even though this study detected many DIF items through statistical analyses, it should be noted that being flagged as DIF items does not necessarily mean that those items are biased (Angoff, 1993). Since DIF sources cannot be identified in this and many other studies, it might be reasonable to arrive at the conclusion that the result of DIF analysis only serves as an alarm that calls test developers’ attention to further examine the appropriateness of test items. When further examination cannot find evidence of bias with the test items, a verdict might be made that the test is free of bias. On the other hand, given the current study only lays emphasis on the grade factor, other variables such as gender and region are advocated to be included in further DIF research to present more comprehensive and representative research outcomes.

To sum up, the current study may both contribute to the test fairness to achieve its sustainable development: methodologically, robust mixed-methods research was adopted to guide further research using more flexible methods; practically, the study suggests test developers pay more attention to the test bias so that fairer test items could be developed, which may enhance the validity and reliability of the test and the bring about beneficial consequences to the educational system and practices or even the society.
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