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Examining the factor structure and its replicability across multiple listening test 

forms: Validity evidence for the Michigan English Test  

Abstract 

This study evaluated the validity of the Michigan English Test (MET) Listening Section 

through investigating its underlying factor structure and the replicability of its factor 

structure across multiple test forms. Data from 3,255 test takers across four forms of 

the MET Listening Section were used. To investigate the factor structure, each form 

was fitted with four Bayesian confirmatory factor analysis (CFA) models: (i) a three 

correlated-factor model, (ii) a bi-factor model, (iii) a higher-order factor model, and (iv) 

a single general-factor model. Additionally, a four-pronged heuristic comprising 

construct delineation, construct operationalization, factor structure analysis, and 

congruence coefficient was developed to examine the replicability of factor structures 

across the test forms. Results from the CFA models showed that the test forms were 

unidimensional and the four-pronged heuristic indicated that the test construct was 

consistently operationalized across forms. Furthermore, the congruence coefficient 

indicated that the factor structure representing listening was highly similar and 

replicable across test forms. In sum, the construct of the MET Listening Section did not 

comprise divisible subskills. Yet, the unidimensional factor structure of the test was 

replicable across the test forms.  

Keywords: Bayesian confirmatory factor analysis; factor structure; four-pronged 

heuristic; listening comprehension; psychological dimensionality; psychometric 

dimensionality; replicability; subskill; structural validity 
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Introduction  

Developed by Michigan Language Assessment, the Michigan English Test (MET) is a 

standardized multilevel examination of general language proficiency, covering high 

beginner to advanced levels of the Common European Framework of Reference for 

Languages (Michigan Language Assessment, 2020). It is used for educational and 

occupational purposes such as educational advancement, scholarships, and/or career 

progression (Michigan Language Assessment, 2020). The MET tests four language 

skills (i.e., listening, reading, speaking, and writing) and reports a score for each section 

separately and an overall score that averages across all sections (Michigan Language 

Assessment, 2020). In this study, we use the dichotomously scored MET Listening 

Section as the focal test of investigation. 

The MET Listening Section reflects the language used in real-life situations and 

assesses the ability of a test taker to understand speech in public, personal, educational, 

and workplace contexts and it purportedly measures local, global, and inferential 

listening subskills (Michigan Language Assessment, 2018). Global subskills 

encompass comprehension of the entire passage, whereas local subskills involve 

comprehension of an explicitly stated detail in the passage. In contrast, inferential 

subskills relate to comprehension of the passage’s implicit information.  

Since the MET’s inaugural administration in 2008, a few studies have investigated 

the difficulty of dialogic and monologic stimuli (Papageorgiou, Stevens, & Goodwin, 

2012) and predicted the difficulty of listening input with the MET Listening Section 

(Aryadoust & Goh, 2014). There is, however, a paucity of studies examining the factor 
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structure of the MET Listening Section to validate its construct under measurement and 

support its score interpretation. A further question of concern is whether the underlying 

construct is consistently measured across test forms. Therefore, this study seeks to 

investigate these two fundamental validation issues in the case of the MET Listening 

Section.  

Psychological and Psychometric Dimensionality 

Listening is an internal perceptual process that cannot be directly observed (Buck, 

2001). Importantly, this feature of listening has affected how validation studies have 

been implemented in terms of their psychometric and psychological dimensionality 

across different listening tests (e.g., the Michigan English Language Assessment 

Battery (MELAB) (Wagner, 2004), the Test of English as a Foreign Language (TOEFL) 

(Lee & Sawaki, 2009; Sawaki, Kim, & Gentile, 2009), and other general listening tests 

(Buck & Tatsuoka, 1998)).  

The psychometric and psychological dimensionalities of listening tests have 

previously been investigated using subskill-based and cognitive process-based 

approaches, respectively. The subskill-based approach is predominant in language 

assessment with factor analysis being the fundamental tool of investigation. It has been 

applied to listening tests with dichotomous scales (e.g., Liao, 2007; Song, 2008; Wagner, 

2004), polytomous tests (Sawaki, Kim et al., 2009), and general proficiency tests with 

partially polytomous and open-ended questions (Sawaki & Sinharay, 2018). In this 

approach, each factor is treated as a divisible subskill when the variance of the test data 

is heterogeneous and partitioned into disparate factors (see Thompson, 2004, for 
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technical details). Interestingly, the investigations with dichotomous items have not 

identified separate subskills (Liao, 2007; Song, 2008; Wagner, 2004), whereas the 

studies with partially polytomous items identified several subskills (Sawaki, Kim et al., 

2009; Sawaki & Sinharay, 2018). Alternatively, psychological dimensionality is the 

hypothetical representation of listeners’ thought processes that affect their performance 

on the test items.  

Although there is some consensus on the differences between psychometric and 

psychological dimensionality (Henning, 1992), some scholars contend that the 

psychological attributes engaged by a test need to be represented by psychometric 

dimensionality (Furr & Bacharach, 2014). However, the correspondence between 

psychological and psychometric dimensionality is an under-researched field. To this 

end, researchers have attempted to create one-on-one correspondence between 

psychometric and psychological dimensionality, although to date, these attempts have 

been unsuccessful (Goh & Aryadoust, 2015; Wagner, 2004). For instance, Wagner 

(2004) only found one general listening factor that was attributed to the homogeneity 

of variance in the test data when associating bottom-up and top-down processing in two 

listening tests with divisible factors.  

Due to the popularity of the subskill-based approach in listening assessment 

research, the following section provides a review of this approach. 

Listening Subskills 

Assessments of listening proficiency over the past decades have examined listening as 

a collection of divisible units and microunits that are respectively known as subskills 
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and microskills. This assessment approach assumes that these subskills and microskills 

are activated during listening to allow individuals to perceive and understand the 

auditory stimuli (Goh & Aryadoust, 2015). Another assumption of this approach is that 

learners’ listening proficiency levels can be differentiated by one’s ability in applying 

these subskills and microskills (Buck & Tatsuoka, 1998; Field, 2008). 

Influenced by the idea of teaching and testing reading as taxonomies of subskills, 

the subskill-based approach to listening emerged in the 1970s (e.g., Carroll, 1972; Lund, 

1990; Munby, 1978; Richards, 1983; Rost, 1992). Based on Munby’s (1978) list of 250 

language subskills for communicative syllabus design, Richards (1983) was one of the 

first to categorize listening into subskills and proposed a list of 33 listening microskills 

for conversational listening and 18 microskills for academic listening. 

Although these postulated taxonomies have provided the bases for later research, 

there is still an absence of strong empirical evidence to support the distinguishing of 

subskills and microskills according to their cognitive demands (Buck & Tatsuoka, 1998; 

Davies, 1981; Field, 2008; Mead, 1982; Skehan, 1984). Research in this field has 

primarily adopted quantitative methods to validate the hypothesized taxonomies. A 

branch of studies has used factor analysis where factors have been regarded as 

representatives of listening subskills. For example, as previously discussed, Wagner 

(2004) applied exploratory factor analysis (EFA) to validate a two-factor model (i.e., 

understanding explicit and implicit information) of listening construct based on Buck’s 

(2001) listening construct. Following three rounds of EFA that were based on three 

rounds of manual item coding, Wagner (2004, p. 16) stated that “an examination of the 
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two-factor solution indicated this solution was not as parsimonious or interpretable as 

a one-factor solution”. 

Later factor analysis studies arrived at a solution with multiple highly-correlated 

factors. Using an EFA followed by a CFA, Liao (2007) tested a two-factor model of 

implicit and explicit listening where four teachers coded the items into explicit listening 

and implicit listening. However, the high correlation coefficient (r = .97) between the 

two factors suggested that the subskills were empirically indivisible (see Hair, Black, 

Babin & Anderson, 2019). Similarly, Eom (2008) examined a hypothesized two-factor 

model (i.e., language knowledge and comprehension) using a CFA with 14 proposed 

listening abilities. Eom (2008) reported that the two-factor model only fitted the data 

when the error of measurement for certain language knowledge and comprehension 

items were freed (or covaried). The study reflected significant factor associations as the 

shared variance between the item loadings on separate factors were highly correlated (r 

= .85; see Eom (2008).  

In another study, Song (2008) compared three CFA models for open-ended 

questions in reading and listening. This author reported that a higher-order three-

subskill model (i.e., main idea understanding, details understanding, and inference 

making) was better than a two-factor higher-order model (i.e., encompassing explicit 

and implicit understanding) in fitting the data for listening, whereas the single general-

factor model fitted the data poorly for reading (Song, 2008). Despite strong support for 

the three-subskill model, the high regression weight for the factor of main idea 

understanding (β = .97) in Song’s (2008) study suggested that listening and main idea 
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understanding may arise from the same factor, indicating that listening is likely 

indivisible. Likewise, Goh and Aryadoust (2015) conducted a CFA on a five-factor 

model based on an iterative test content analysis that was informed by past literature. 

High correlations between factors in the first few rounds of CFA persisted, with a final 

higher-order aggregate-level model that resolved the inadmissible correlations (Goh & 

Aryadoust, 2015). Although the results in Goh and Aryadoust’s (2015) study showed 

that the subskills identified were likely divisible, they also influenced each other in 

measurable ways.  

Apart from factor analysis, cognitive diagnostic assessment (CDA) that aimed at 

informing learners’ mastery of skills, strengths, and weaknesses has been used in 

identifying listening subskills (Sawaki, Kim et al., 2009). Buck and Tatsuoka (1998) 

applied a rule-space method and identified 15 major listening attributes with 14 

interactions. According to Buck and Tatsuoka (1998), an attribute is the task 

characteristics or skills that affect test takers’ performances. The 15 attributes identified 

were categorized into five groups by the authors, while their interactions and 

concurrences made the listening process more complicated than if they were activated 

individually (Buck & Tatsuoka, 1998). Unlike Buck and Tatsuoka (1998), Sawaki, Kim 

et al. (2009) only identified four listening subskills with the CDA approach when 

investigating the core skills assessed by the TOEFL Internet-based test (iBT) listening 

section. Through reiterative content analysis, Sawaki, Kim et al. (2009) developed Q-

matrices that represented the relationship between test item and subskills, and validated 

the matrices using a reparametrized unified model (RUM). Extensive discussions over 
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the definition of skills, coding principles, and the fusion and classification of subskills 

in Sawaki, Kim et al.’s (2009) study revealed a common challenge faced by expert 

judgments i.e., the lack of agreement on the subskills that listening tests measure. In 

another study, Aryadoust (2021) created a Q-matrix based on the literature and 

participants’ think-aloud and eye-tracking data. Using a reduced RUM, Aryadoust 

(2021) reported a different set of nine subskills (including the listening-specific and the 

test-related facets) that may be synergistically adopted by test takers when answering 

test items. However, the generalizability of Aryadoust’s (2021) findings was limited 

due to the study’s small sample size and its inconsistency with previous research.  

In summary, the listening studies surveyed were dissimilar in their test populations 

comprising intermediate to advanced learners of English as a foreign language (EFL), 

English as a second language (ESL), or English as the first language (L1). In addition, 

the differences in the research methodologies adopted (e.g., EFA, CFA, the rule-space 

method, and the (reduced) RUM), test format (e.g., multiple choice questions, open-

ended question, matching, gap-filling, and mixed formats), and item coding methods 

(e.g., expert content analysis, retrospective think-aloud, and eye-tracking) across those 

studies may have contributed to the varied taxonomies of listening and reading subskills 

(see online supplementary material for details).  

Addressing the Research Gap  

Presently, the literature remains inconclusive on subskills divisibility and their 

taxonomies in both reading and listening comprehension. Although some factor 

analysis studies have identified several subskills in (listening) tests with dichotomous 
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scales (e.g., Liao, 2007; Eom, 2008; Goh & Aryadoust, 2015) and partially polytomous 

scales (Sawaki, Kim et al., 2009), the high correlation among the identified factors 

indicates that listening subskills may be integrated, highly interdependent, and 

statistically indivisible. 

Notably, previous research did not verify the factorial replicability across test 

forms for use as validity evidence in listening tests. Here, we argue that replicability is 

a component of test validity, and it comprises two levels. Firstly, the test dimensionality 

needs to be replicable across various forms that are developed using the same test 

specifications. This is analogous to construct equivalence across test forms (Messick, 

1989). Secondly, the content of the listening passages, test items, and their linguistic 

features that operationalize the construct needs to be comparable across forms. 

In language assessment, some form of instrument replicability has been 

investigated across subsamples via differential item functioning (DIF) (Aryadoust, Goh, 

& Kim, 2011) and measurement invariance (In’nami & Koizumi, 2012; Shin, 2005). 

The present study, however, proposes a different approach based on Messick (1996) 

and Green, Ünaldi, and Weir (2010), which consists of the examination of factor 

structure and its replicability in combination with linguistic analysis of the content of 

test forms. First, based on previous research (e.g., Loevinger, 1957), Messick (1996, p. 

248) suggested that validity comprises six facets: “content, substantive, structural, 

generalizability, external and consequential aspects of construct validity”. In our view, 

the existence and replicability of subskills across different test forms is closely related 

with the structural aspects of validity (Loevinger, 1957). According to Messick (1996), 
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the test forms developed to operationalize a construct need to be consistent in the 

number and makeup of the factors. To assess consistency in the factor structure (that 

represents subskills), all test forms must be submitted to factor analysis (Brown, 2015). 

To support the structural aspect of validity, the emerging factor solutions that represent 

measurable listening subskills, should remain immutable across different test forms.  

Second, this equity of factor structure of multiple test forms is based on how the 

test construct is operationalized under the same test specification. An authentic 

language test needs to include tasks that reflect the cognitive processes and textual 

features of these tasks in the targeted language use domain (TLU) (Green et al., 2010), 

which are crucial aspects of construct operationalization. Textual features such as length, 

genre, topic, narrativity, word concreteness, syntactic simplicity, and cohesion can 

affect the cognitive processes of test takers and account for the variance in test data 

(Green et al., 2010; McNamara, Graesser, & McCarthy, 2014). For example, a text with 

abstract vocabulary, complex syntax, and low cohesion is cognitively more demanding, 

since it requires global understanding and inference making to fill in the gaps due to 

low cohesion. Therefore, the salient text features provide useful indices reflective of 

the psychological dimensionality or construct operationalization of tests. To assess the 

consistency in these text features, Green et al. (2010) proposed using automated text 

analysis to explore text comparability in different test forms. 

Importantly, the research goal of examining subskills replicability across test 

forms conforms with recent calls for replication studies across various disciplines, 

including applied linguistics (e.g., Coxhead, 2018; Handley, 2018; Markee, 2017; 
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Marsden, Morgan-Short, Thompson, & Abugaber, 2018), educational measurement 

(Hosp, Ford, Huddle, & Hensley, 2018), and psychology (Stanley, Carter, & 

Doucouliagos, 2018). In a systematic review of replication studies in second language 

(L2) learning, Marsden et al. (2018) recommended three subtypes of replication 

research from Lykken (1968), Makel, Plucker, & Hegarty (2012), and Schmidt (2009). 

They comprise (i) direct replication (i.e., no change to the initial study), (ii) partial 

replication (i.e., one significant change to the initial study), and (iii) conceptual 

replication (i.e., more than one significant change to the initial study) (Marsden et al., 

2018). Factorial replication across test forms is similar to direct replication as it aims at 

examining the construct reproducibility with new data. It is expected that parallel test 

forms not only operationalize the test construct in the same way, but also exhibit the 

same psychometric property to minimize measurement error. Similarly, in 

psychological research, studies have examined factor replicability of instruments across 

different formats (Pappas & Friedman, 2012) and form lengths (Frydenberg & Lewis, 

1996). In assessing general language abilities, Sawaki and Sinharay (2018) presented 

one of the first studies to compare test sub-scores across four operational forms of the 

TOEFL iBT. To our knowledge, this is the first study that exclusively focuses on 

listening assessment and examines the replicability of factor structures across multiple 

listening test forms. 

This study firstly adopted Bayesian CFA to validate three subskills (i.e., local, 

global, and inferential subskills) that purportedly constitute the structure of the MET 

Listening Section (Michigan Language Assessment, 2018). The analysis served to 
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answer the first research question of the study: Does the MET Listening Section 

comprise divisible and measurable local, global, and inferential subskills?  

Next, a four-pronged heuristic was developed according to research on validation 

(Messick, 1989) and text analysis (Green et al, 2010) to not only provide a framework 

for listening assessment replication studies but also generate evidence of factorial 

replicability at four levels: (i) construct delineation, (ii) construct operationalization, 

(iii) factor structure analysis, and (iv) congruence coefficient (see Methods). This 

heuristic was applied to answer the second research question of the study: Is the factor 

structure of the MET Listening Section replicable across different test forms? 

Methods 

Data  

The dataset was provided by Michigan Language Assessment, MC, USA, and 

comprised scored item responses from 3,255 test candidates. The test candidates were 

between 10 and 84 years old, 54.3% of whom were females and 45.7% were males. The 

majority of the candidates’ L1 was Spanish (99.0%, see Table 1 for further details). The 

sample was considered representative of the operational MET population based on the 

candidates’ reported native countries, including Columbia (66.7%), Peru (30.1%), 

Costa Rica (2.3%), Brazil (0.8%), and Chile (0.2%). 

There were four MET listening forms in the dataset, and each candidate only 

undertook one test. Each test data set comprised 46 test items, resulting in a total of 184 

multiple-choice test items. All test items were dichotomously scored to assess local, 

global, and inferential listening subskills (Michigan Language Assessment, 2018). 
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Table 1  
Background Information of the Test Takers 

Form  Mean Age 
(Range, 
Years) 

Sample 
Size (N) 

Males 
(N) 

Females 
(N)  

Language (N) Country (N) 

1 22.1 (10-84) 963 457 506 Spanish (961) 
Russian (1) 

Peru (963) 

2 23.0 (13-68) 758 336 422 Spanish (755) 
Persian (1) 
Cambodian (1) 
German (1) 

Columbia (719) 
Costa Rica (25) 
Peru (8) 
Chile (6) 

3 20.9 (11-62) 708 347 361 Spanish (705) 
Finish (1) 
French (1) 
Italian (1) 

Columbia (680) 
Costa Rica (22) 
Peru (6)  

4 23.6 (10-68) 826 348 478 Spanish (801) 
Portuguese (25) 

Columbia (771) 
Costa Rica (27) 
Brazil (25) 
Peru (3) 

 

Instrument: The MET Listening Section 

The MET Listening Section comprised three parts:  

a. Part one comprised 17 short conversations; each conversation was followed by a 

test item with four options. On average, the word counts of the short conversations, 

stems, and options were 57, 7, and 21, respectively. The conversations included 

academic topics such as conference scheduling, borrowing of textbooks, and daily 

life topics (e.g., ordering in the café or restaurant, chatting about a vacation, and 

consulting a doctor).  

b. Part two comprised five long conversations; each conversation was followed by 

three or four test items with four options. On average, the word counts of the long 

conservations, stems, and options were 180, 8, and 23, respectively. The 

conversation topics included discussing a writing assignment, choosing a major, 
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making an appointment, asking for parking permits, and returning a product.  

c. Part three comprised three mini-talks; each talk was followed by three or four test 

items with four options. On average, the word counts of the mini-talks, stems and 

options were 244, 8, 21, respectively. The mini-talks were academic in nature, and 

covered topics on a newly developed swimsuit material, hotel security, the use of 

reusable bag, and food offering.  

Data Analysis  

Coding of the Items 

Prior to performing the Bayesian CFA, test items were iteratively coded into local, 

global, and inferential subskills based on the construct and definition of these subskills 

by Michigan Language Assessment (2018). Thus, Michigan Language Assessment’s 

(2018) statement concerning the constituents of the MET Listening Section served as 

the working hypothesis for this study.  

In our coding scheme, items that assessed the listeners’ ability to identify 

supporting details, understand vocabulary, and make restatements were coded as local 

skill items; items that required listeners’ ability to understand the main idea of a text, 

identify speakers’ main purpose, and synthesize ideas were coded as global skill items; 

and items that tapped into listeners’ ability to make inferences, understand the rhetorical 

meaning of the auditory message, infer supporting details, and understand pragmatic 

implications were coded as inferential skill items (see Michigan Language Assessment 

[2018] for specific examples under each subskill).  

The researchers first coded all 184 items independently. They then discussed and 
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modified the coding until a complete consensus was reached. To enhance the reliability 

of the coding results, one of the researchers coded the items twice. A one-week span 

was allowed before the final round of coding by the researchers. The inter-coder and 

intra-coder reliability for each form were calculated.  

Descriptive Statistics and Reliability Analysis  

Descriptive statistics (i.e., mean and standard deviation) and measurement consistency 

of the listening section across all forms were examined using IBM SPSS Statistics for 

Windows, version 24 (IBM Corp., 2016).  

Research Question 1: Factor Structure   

To answer the first research question, the Bayesian CFA was performed using IBM 

SPSS Amos, version 24 (Arbuckle, 2016a). As all items were scored dichotomously, 

Bayesian estimation was adopted for its accuracy when handling parameters that are 

not normally distributed (van de Schoot et al., 2014). From a Bayesian perspective, true 

model parameters are considered random. These parameters are assigned a joint 

distribution i.e., a combination of prior and posterior distributions (Arbuckle, 2016b; 

Byrne, 2016). A prior distribution is the probability distribution of parameters before 

the data are observed and a posterior distribution refers to the probability distribution 

of parameters after the data are observed and combined with the prior distribution 

(Arbuckle, 2016b). 

As discussed previously, the test description that was provided by Michigan 

Language Assessment (2018) indicated three listening subskills. This suggests a three 

correlated-factor model or a higher-order factor model wherein the three latent factors 
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are ‘caused’ by a general listening factor. In addition, it is necessary to reject plausible 

alternatives (Jöreskog, 1993; Sawaki, Stricker, & Oranje, 2009; Sawaki & Sinharay, 

2018), including a bi-factor model and a single general-factor model in this study. 

Therefore, four models were hypothesized and compared: a three correlated-factor 

model (Model 1), a bi-factor model (Model 2), a higher-order factor model (Model 3), 

and a single general-factor model (Model 4) (see Figures 1, 2, 3, and 4 for four models 

of Form 1). All observed variables were recoded as ‘ordered-categorical’ in IBM SPSS 

Amos version, 24 (Arbuckle, 2016b) and the regression weights of the latent variables 

and the general factor of listening were set at 1.0 to allow Bayesian estimation for 

ordered-categorical variables (Byrne, 2016).  

As demonstrated in Figure 1, the three correlated-factor model (Model 1) 

hypothesized that three latent variables (i.e., local subskill, global subskill, and 

inferential subskill) that underlie performance on the MET Listening test forms were 

correlated with each other. The model was inspired by Liao’s (2007) and Eom’s (2008) 

studies, which reported that listening comprises correlated subskills.  
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Figure 1. The three correlated-factor model (Model 1). (Circle = factors; rectangle = 
item; oval = error of measurement; bi-directional arrow = correlation; arrow = 
regression; 1 = value of constraint for regression weights) 

 

As illustrated in Figure 2, the bi-factor model (Model 2) represented a latent 

structure where each item loads on a general listening factor. This factor accounted for 

significant variance in all the observed variables while the three domain-specific factors 

(subskills) accounted for their unique variances (Brown, 2015). The three latent 

variables on the right side of this model were freely correlated.  

The tuning parameter method for Bayesian analysis (i.e., set at .2, .3, .35) was 
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‘adapted’ to allow for Model 2 to converge (IBM Corp., 2018). However, Model 2 in 

all four forms did not fit the data in Bayesian estimation. Additionally, the estimation 

of this model with polychoric correlation matrices in LISREL failed to converge. Thus, 

maximum likelihood (ML) estimation was used to generate Pearson correlation for 

Model 2. Although this analysis could lead to biased estimations (Byrne, 2016), it was 

assumed that ML estimation (if converged) could provide a rough gauge of the model 

parameters. Fit statistics for test Form 1 were estimated using ML. However, the 

iteration did not converge for test Forms 2, 3, and 4.  
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Figure 2. The bi-factor model (Model 2). (Left circle = general factor; right circle = 
factors; rectangle = item; oval = Error of measurement; bi-directional arrow = 
correlation; arrow = regression; 1 = value of constraint for regression weights)  

 

The higher-order factor model (Model 3) as shown in Figure 3 was proposed based 

on Song (2008) who reported that a higher-order CFA model was most parsimonious 

and had an interpretable factor structure for listening ability. Lastly in Figure 4, the 

single general-factor model (Model 4) motivated by Wagner’s (2004) study was tested.  
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Figure 3. The higher-order factor model (Model 3). (Left circle = higher-order factor; 
middle circles = first-order factors; rectangle = item; oval = error of measurement; 
arrow = regression; 1 = value of constraint for regression weights) 
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Figure 4. The single general-factor model (Model 4). (Circle = general factor; 
rectangle = item; oval = error of measurement; arrow = regression, 1 = value of 
constraint for regression weights) 

 

Model Fit and Parameter Estimation 

For model estimation, the convergence cut-off point was set as 1.026 (i.e., the default 

value) (Gelman et al., 2004). All models for all forms except Model 2 converged, and 

the model estimation criteria were tabulated to compare model fit (Schumacher & 

Lomax, 2010).  
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The overall model fit was estimated using posterior predictive p-value (PPP). 

Liberal PPP cut-offs of .01, .05 and .10 were proposed by Gelman et al. (1996), Muthén 

and Asparouhov (2012). If the PPP was equal to or greater than these cut-off values, the 

model fitted the data well. A PPP around .50 indicates excellent fit model (Cain & 

Zhang, 2019; van de Schoot et al., 2014). In addition, regression coefficients per item 

were estimated. An absolute standardized direct effect around .30 indicates a medium 

effect and values above .50 indicate a large effect (Kline, 2010). The 95% credibility 

interval for the standardized direct effect was checked to determine whether the range 

between the lower and upper bounds excluded zero, as this would indicate that the 

standardized direct effect was statistically significant (van de Schoot et al., 2014). The 

variances of the latent variables and the range of standard deviation for item 

standardized effect were also estimated.  

For Models 1 and 2, the correlation coefficients between the latent variables 

(factors) were estimated. A high correlation between the latent variables (Rx,y > .90) 

suggested multicollinearity and empirically non-discriminable factors for conceptually 

similar constructs (Hair et. al, 2019). For Model 3, the regression coefficients between 

the listening factor and the three factors representing subskills were estimated. A high 

regression weight on the second-order factor (> .90; R2 = .81) indicated that the second-

order factor accounted for at least 81% of the variance in the first-order factors and that 

the first-order factors could be collapsed into a single factor (Brown, 2015).  

The Deviance Information Criterion, which was used for model comparison in 

Bayesian CFA, could not be estimable as our data were coded as ‘ordered-categorical’. 
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Research Question 2: Replicability of Factor Structure  

To address the second research question, a four-pronged heuristic was applied to the 

results obtained from the CFA. The first and second steps in the heuristic were termed 

construct definition and operationalization, respectively. Messick (1989) had 

previously presented these steps as priori stages of test development. In our view, 

however, they must be reexamined retrospectively when the constituents of a test are 

investigated. In this study, the former step was regarded as an inquiry that was related 

to the theoretical or conceptual construct as suggested in Michigan Language 

Assessment (2018). The latter step was considered an inquiry relevant to the test forms’ 

measurable features (Green et al., 2010; Messick, 1989), which was examined 

psychometrically. The two steps are discussed below. 

First, construct delineation defines the construct under investigation and the test 

structure specifies the features of the tasks that are used to measure the construct 

(Messick, 1989). Subskill taxonomies propose several component skills that constitute 

listening (Buck, 2001). This concept was applied in Michigan Language Assessment 

(2018) and it proposed that the MET Listening Section measures local, global, and 

inferential listening. The MET 2018 Test Report (Michigan Language Assessment, 

2020) also stressed that these listening subskills were operationalized in both academic 

and general versions of the MET Listening Section. 

Second, construct operationalization refers to the manner with which construct 

definition is realized in terms of test items and listening passages. According to Green 

et al. (2010) and Messick (1989), the test forms were compared based on four features: 



 

24 (Author page number) 
 

(i) The number of test items in each section, including the short conversation, long 

conversation, and the mini-talk, were compared across four forms.  

(ii) The word counts for each of the short conversation, long conversation, and 

mini-talk were calculated (i.e., text and test items) and compared using Kruskal-Wallis 

H test (Kruskal & Wallis, 1952) to determine if there were significant differences in the 

word counts across the four forms.  

(iii) The foci of the texts were coded as academic or non-academic, and a Pearson 

Chi-square test (Roever & Phakiti, 2017) was conducted to examine if there were 

significant differences between academic and non-academic based text contents across 

the four forms.   

(iv) To explore the linguistic features of the test items and listening passages, a 

series of Coh-Metrix TEA were conducted to measure (1) narrativity, (2) syntactic 

simplicity, (3) word concreteness, (4) referential cohesion, (5) deep cohesion, and (6) 

Flesch-Kincaid Grade Level (Graesser, McNamara, & Kulikowich, 2011). Among 

these, top-down processing is proxied by narrativity, referential cohesion, and deep 

cohesion, while bottom-up processing is indirectly represented by syntactic complexity 

and word concreteness (McNamara et al., 2014). A text with high narrativity, referential 

cohesion, and deep cohesion requires minimal guessing and inference making (top-

down processing) (McNamara et al., 2014). Here, high narrativity and coherence reflect 

the tendency of the text to use familiar words and evident connections in the text to 

describe specific and familiar events and/or characters (McNamara et al., 2014). For 

texts with low coherence and narrativity, readers must close the cohesion gaps among 
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the text banks by drawing more inferences to connect their world knowledge and textual 

ideas (Graesser, McNamara, Louwerse, & Cai, 2004). Presently, there is no rigorously 

tested framework to connect test constructs with computable linguistic features. Thus, 

Coh-Metrix TEA was chosen among available automatic linguistic analysis tools as it 

not only emphasized the significance of cohesion in differentiating test difficulties but 

also aligned with Kintsch’s (1998) construction-integration model of comprehension 

(McNamara et al., 2014). Additionally, Kruskal-Wallis H tests (Kruskal & Wallis, 1952) 

were conducted to examine whether the linguistic features measured by the Coh-Metrix 

TEA were significantly different across the test forms. Importantly, any significant 

differences across the forms would indicate differences in construct operationalization 

and the cognitive processes engaged across the tests (McNamara et al., 2014).  

Third, factor structure analysis examines the number and makeup of the factors. 

We compared the number and makeup of the factors in the admissible CFA model 

identified when investigating the first research question. Although four models were 

hypothesized and estimated to answer the first research question, we relied on the most 

parsimonious and interpretable model to examine whether the number and meaning of 

the factors were consistent across the four forms. A parsimonious model should be 

simple, robust, and statistically valid (Schumacher & Lomax, 2010). 

Lastly, we calculated the congruence coefficient to examine the extent to which 

the contribution of each factor to the holistic factor structure can be replicated across 

test forms. We first computed the congruence coefficient by comparing pairs of items 

in different test forms based on their running order. We also parceled the 46 items in 



 

26 (Author page number) 
 

each test form into nine aggregate-level items with three items representing each 

listening subskill and estimated the congruence coefficient, and thus computed the 

item-level and subskill-level congruence coefficients across the test forms. The 

congruence coefficient was calculated using the factor loadings of the most 

parsimonious model identified in answering the first research question. The congruence 

coefficient measures the similarity between two configurations by computing a cosine 

between the matrices of factor scores or loadings (Lorenzo-Seva & Ten Berge, 2006; 

Abdi, 2010). The congruence coefficient calculator (Stauner, n.d.) was used to compute 

the metric. The congruence coefficient ranges from +1 (i.e., perfect agreement) to -1 

(i.e., perfect inverse agreement), and a value of zero represents no agreement (Harman, 

1976). A congruence coefficient of .90 indicates a high degree of factor similarity across 

separate tests and a coefficient of .95 or higher suggests that the factors are identical 

(Harman, 1976). The factor loadings of the four forms were compared on a pair-to-pair 

basis to generate a congruence coefficient matrix to examine the similarity between the 

factors across the test forms.  

Results 

Coding of the Items  

After completing the independent coding, two of the researchers exchanged their 

coding results. While the researchers agreed on most of their coding, they differed in 

their coding for items 26, 27, and 28 of Form 1, items 2, 9, and 24 for Form 2, item 6 

for Form 3, and items 42, 59, and 60 for Form 4. After multiple rounds of discussions, 

a full consensus was reached, and the coding and distribution of the items are shown in 
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Table 2.  

 
Table 2  
Distribution of the Listening Subskills Identified in the MET Listening Section  

Form  Subskills No. of items  
in Section 1 

No. of items  
in Section 2 

No. of items  
in Section 3 

No. of items  
In Total 

1 Local  4 6 7 17 
 Global 7 6 3 16 
 Inferential 6 5 2 13 
2 Local  4 9 4 17 
 Global 5 3 2 10 
 Inferential 8 5 6 19 
3 Local  4 7 7 18 
 Global 5 6 2 13 
 Inferential 8  4 3 15 
4 Local  3 7 7 17 
 Global 8 8 3 19 
 Inferential 6 2 2 10 

 

As presented in Table 3, the Cohen’s Kappa for inter-coder reliability for all forms 

ranged from .897 to .902 while the Cohen’s Kappa for intra-coder reliability for the 

first coder was between .932 and .967. As the values were above .80, there was high 

coder reliability (Roever & Phakiti, 2017).  

 
Table 3  
Inter-coder Reliability and Intra-coder Reliability of Item Coding 

Form Inter-coder Reliability Intra-coder Reliability 
1 .902 .934 
2 .900 .934 
3 .967 .967 
4 .897 .932 

 

Descriptive Statistics and Reliability  

As shown in Table 4, the means and standard deviations of the test scores across the 

four test forms ranged from 24.94 to 27.71 and 9.90 to 11.55, respectively. The large 
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standard deviations and wide score range indicated large variability in test takers’ 

listening ability. All data sets had high internal consistency (> .90; Kline, 2010), and 

this suggested that the test items consistently measured the construct of the MET 

Listening Section.  

  
Table 4  
Descriptive Statistics and Reliability 

Form Sample Size (N) Mean Score (Range) Standard Deviation Reliability 
1 963 26.98 (7-46) 11.30 .983 
2 758 27.71 (6-46) 10.77 .931 
3 708 24.94 (5-46) 9.90 .909 
4 816 26.49 (5-46) 11.55 .940 

 

Research Question 1: Factor Structure of the Four Forms of the MET Listening 

Section 

The four models postulated for each form were estimated and model fit statistics were 

computed to assess model admissibility. As presented in Appendix, the PPP for the three 

correlated-factor model (Model 1) of Form 1 and Form 4 were .21 and .23, respectively, 

indicating acceptable model fit in accordance with the proposed cut-offs by Gelman et 

al. (1996) and Muthén & Asparouhove (2012). In contrast, the PPP of Form 2 and Form 

3 were both .00, indicating poor model fit (Cain & Zhang, 2019; van de Schoot et al., 

2014). Despite acceptable PPP for Form 1 and Form 4, the high correlations between 

the three latent variables (see Form 1 for example, Rlocal, global = 1.000, Rlocal, inferential 

= .987, and Rglobal, inferential = 1.003; all > .90) suggested multicollinearity and lack of 

discriminant validity (Hair et al, 2019; Brown, 2015). This indicated that the postulated 

factors were not empirically discriminable, and thus Model 1 was not admissible. 

The bi-factor model (Model 2) did not fit any of the four forms in the Bayesian 



 

29 (Author page number) 
 

Estimation, and the model only fitted Form 1 with ML estimation. As presented in Table 

5, the root mean square error of approximation (RMSEA) was .022 (< .07), comparative 

fit index (CFI) was .959 (> .92), and Tucker-Lewis Index (TLI) was .957 (> .92), 

indicated acceptable model fit (Hair et al., 2019). The standardized regression weight 

of items loading on listening ranged from .195 to .653, while the regression weights for 

items 3, 18, 45, and 58 were below .30. In addition, the standardized regression weights 

of items loading on local, global, and inferential factors ranged from .244 to .352, .199 

to .227, and .237 to .302, respectively. All item regression weights below .30 except for 

items 2 and 45. The correlation between the factors representing subskills was high 

(Rlocal, global = 1.001, Rlocal, inferential = .950, and Rglobal, inferential = 1.052; all > .90), 

suggesting multicollinearity and lack of discriminant validity (Hair et al., 2019). Thus, 

these results indicated that Model 2 was not admissible. 

 
Table 5 
Fit Statistics for the Maximum Likelihood Confirmatory Factor Analysis (Model 2) 

Form  RMSEA CFI TLI Item Standardized  
Regression Weights 
(Range) 

Correlation of Latent 
Variables  

Variance 

1 .022 .959 .957 Listening  
(.195-.653) 
Local  
(.244-.352)  
Global  
(.199-.227) 
Inferential  
(.237-.302) 

Global ↔ Local 
(1.001) 
Local ↔ Inferential  
(.950) 
Global ↔ Inferential 
(1.052) 

Local  
(.015) 
Global  
(.010) 
Inferential 
(.014) 
Listening 
(.056) 

Abbreviations: RMSEA = Root Mean Square Error of Approximation; CFI = Comparative Fit Index; 
TLI = Tucker-Lewis Index. 

 

The PPP for the higher-ordered factor model (Model 3) for Form 1, Form 2 and 

Form 3 were .00, indicating the model was non-admissible for these forms (Cain & 



 

30 (Author page number) 
 

Zhang, 2019; van de Schoot et al., 2014). While the PPP for Form 4 was .25, the high 

regression weights of the three latent variables (.992–1.001) to the second-order factor 

of listening suggested that the second-order factor of listening was either non-

admissible or explained the significant correlation between the latent variables in Model 

2 for Form 4. Thus, the three subskill factors can be collapsed into a single factor 

(Brown, 2015). Therefore, Model 3 was also non-admissible.  

The PPP for the single general-factor model (Model 4) were .21, .12, .26, and .26 

for Form 1, Form 2, Form 3, and Form 4, respectively. This indicated acceptable model 

fit in accordance with the proposed cut-offs by Gelman et al. (1996) and Muthén and 

Asparouhove (2012). All items for Form 1, Form 3 and Form 4 had regression weights 

above .30, and all items for Form 2 except item 1 (.296) had regression weights 

above .30 (Kline, 2010). Based on the PPP and regression coefficients, Model 4 was 

identified as the most parsimonious and interpretable for the data set, and this indicated 

that the MET listening construct was unidimensional.  

Research Question 2: Replicability of Factor Structures  

Stages 1 and 2: Construct delineation and construct operationalization 

Stages 1 and 2 in the four-pronged heuristic for replicability were construct definition 

and construct operationalization, respectively. As discussed previously, construct 

operationalization was investigated as follows:  

(i) The four test forms largely included the same number of texts and items across 

the short conversations (i.e., 17 texts with 1 item per text), long conversations (i.e., 5 

texts with 3 or 4 items per text) and the mini-talks (i.e., 3 texts with 4 items per text). 
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    (ii) As shown in Table 6, there was no significant difference in the word counts of 

the short conversations, long conversations, and the mini-talks across the four test forms.  

(iii) Focus of the text. The results of the Pearson Chi-square tests for the short 

conversations (χ2 (3, N=17) = .723, p = .87), long conversations (χ2 (3, N=5) = 1.667, p 

= .63), and the mini-talks (χ2 (3, N=3) = 1.333, p = .72) showed that none of the three-

part MET Listening Section was significantly different across the four forms in terms 

of conversation/talk foci. The Kruskal-Wallis H tests and Pearson Chi-square tests 

indicated that the construct of the MET Listening Section was operationalized 

consistently across the four forms.  

(iv) Table 6 shows the results of the Kruskal-Wallis H test for the linguistic features 

of the three sections across the four forms. Only one out of the 21 Coh-Metrix TEA 

measures (i.e., narrativity) was significantly different across the forms. This indicated 

that the four forms had comparable linguistic features.  

 
Table 6 
The Kruskal-Wallis H Test Statistics for Content and Linguistic Features of Four Test 
Forms 

 Short conversation Long conversation Mini-talk 
Word Count H(3) = 3.357, p = .34 H(3) = 2.097, p = .55  H(3) = 1.052, p = .79 
Narrativity H(3) = 1.269, p = .74 H(3) = 9.999, p = .019* H(3) = 3.370, p = .34 
Syntactic Simplicity H(3) = 1.174, p = .76 H(3) = 2.434, p = .50 H(3) = 1.446, p = .70 
Word Concreteness H(3) = 2.060, p = .56 H(3) = 1.258, p = .74 H(3) = 6.385, p = .09 
Referential Cohesion H(3) = 0.385, p = .94 H(3) = 1.395, p = .71 H(3) = 1.974, p = .58 
Deep Cohesion H(3) = 1.811, p = .61 H(3) = 1.699, p = .64 H(3) = 0.846, p = .84 
F-K Grade level H(3) = 0.368, p = .95 H(3) = 3.205, p = .36 H(3) = 1.149, p = .77 

Note. One-tail tests were performed, * p <.05. Abbreviation: F-K = Flesch-Kincaid.  
 

Stages 3 and 4: Factor structure and the congruence coefficient  

Stages 3 and 4 of the four-pronged heuristic investigated the consistency in the number 
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and makeup of the factors identified in the factor structure and the congruence 

coefficient of subskills. As previously discussed, the CFA modeling showed that the 

four forms of the MET Listening Section measured one general factor of listening. 

Accordingly, the congruence coefficients on paired items across the test forms and 

parcel items were computed one-by-one to investigate factor similarity (factor 

contribution to the factor structure) across the test forms. As shown in Table 7, all 

congruence coefficients were above .95 (see values in parentheses). This indicated that 

the factors were identical (Harman, 1976). Based on the results of this analysis (i.e., the 

four-pronged heuristic), the unidimensional factor structure of the MET listening was 

replicable across the four test forms.  

 
Table 7 
The Congruence Coefficient Matrix of Four Forms 

 Form 1 Form 2 Form 3 Form 4 
Form 1 1    
Form 2 .971 (.993) 1   
Form 3 .960 (.999) .955 (.992) 1  
Form 4 .968 (.999) .981 (.996) .952 (.999) 1 

Note. The congruence coefficients of the parcel items are presented in parentheses.  

Discussion  

This study aimed to assess the validity of the MET Listening Section by examining 

whether it could be (i) divided into subskills and (ii) replicated in terms of its factor 

structures and construct operationalization. Our content analysis of the items yielded 

evidence supporting three subskills underlying the MET listening test items (local, 

global, and inferential subskills), which conforms to the construct definition postulated 

by the test developer (Michigan Language Assessment, 2018). However, we did not 

find distinctive psychometric listening subskills in the factor analysis procedures. 
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Importantly, this suggested that the test forms were psychometrically unidimensional. 

Furthermore, a series of analyses using the four-pronged heuristic showed that this 

unidimensional factor structure of the MET Listening Section was replicable across the 

four test forms. The research questions and implications of the study for validation of 

listening tests are discussed below. 

Research Question 1 

The MET Listening Section is developed based on an approach where each listening 

test item purportedly measures a distinct subskill (Michigan Language Assessment, 

2018). In contrast, the statistical approach used in this study indicated an absence of 

distinctive subskills in the MET Listening Section. Although the use of anecdotal 

taxonomies of subskills in listening (e.g., Munby, 1978; Richards, 1983) appeared 

instrumental for teaching and testing L2, the lack of empirical evidence as highlighted 

in previous research (e.g., Buck, 2001; Davies, 1981; Field, 2008; Mead, 1982; Skehan, 

1984) alongside the statistical evidence in this study suggests that the assumptions of 

those taxonomies were questionable. Additionally, the high correlations between 

subskills represented in the hypothesized models here and in previous empirical studies 

(Liao, 2007; Eom, 2008) indicate that statistically distinct listening subskills may not 

be plausible. Even if subskills are conceptually divisible, they are interdependent and 

statistically inseparable and may be executed in unison during listening (Buck, 2001; 

Field, 2008). Notably, our findings also resonated with a recent review of L1 and L2 

comprehension subskills by Aryadoust (2020) who reported that empirically supported 

comprehension subskills (e.g., phonological awareness and orthographic knowledge) 
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were not only low-level, but they were predominantly supported in L1 research and not 

in L2 studies. However, it should be acknowledged that the investigation of the 

underlying structure of the MET Listening Section depended on our item-coding 

method, but ideally such analysis should be performed based on the test developers’ 

item coding. Additionally, we were only able to investigate the psychometric 

divisibility of subskills of the MET Listening Section which is dichotomously scored. 

While the results of this study may imply that (i) psychometric dimensionality 

tends to digress from psychological dimensionality for dichotomously scored tests, (ii) 

the MET test design does not allow for adequate construct operationalization, or (iii) 

listening is a ‘fundamentally’ unidimensional language skill, we consider the first 

interpretation to be the most plausible. The results from our four-pronged heuristic 

analysis refute the second postulation and the available research rebuts the third 

postulation (Goh & Aryadoust, 2015; Buck, 2001; Buck & Tatsuoka, 1998; Sawaki, 

Kim et al., 2009). Furthermore, the inability to separate the psychologically derived 

subskills via our psychometric method used here is consistent with other studies using 

dichotomous items (Goh & Aryadoust, 2015; Liao, 2007; Wagner, 2004). Despite the 

test developers’ efforts in establishing a one-to-one correspondence between test items 

and intended subskills, the variance in dichotomous test item data may be too small and 

homogenous to lend itself to partitioning as Thompson (2004) argues that small 

variance precludes the partitioning of items into separable factors. Goh and Aryadoust 

(2015) previously reported that the dichotomous items in their study did not represent 

the psychological multidimensionality, either, whereas the polytomous counterparts 
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captured the multidimensionality that was in line with both psychometric and 

psychological construct representations. We propose that the psychometric 

dimensionality, at least in part, is dependent on the test methods used. This warrants 

future research into test method effects in listening assessment. 

Despite research highlighting the limitations of subskill taxonomies, several high-

stake tests of ESL/EFL such as the TOEFL, International English Language Testing 

System (IELTS), the MET, the MELAB are developed based on this approach (Bejar et 

al., 2000; British Council Singapore, n.d.; Wagner, 2004). There appears to be a 

consensus among test developers that these so-called high-stakes listening tests are 

designed to have a unidimensional construct to support the practice of reporting an 

overall score for a given language skill rather than assessing psychometrically 

distinguishable subconstructs or reporting scores at the subconstruct level. 

While the subskill-based approach is largely useful as a heuristic for test 

development and teaching, it is worth examining listening constructs from the 

alternative cognitive process-based approach, especially for learning-oriented or 

diagnostic assessments where sub-scores for listening components reflect the gains and 

losses of information the listener processes. Using neuroimaging techniques such as 

electroencephalogram (EEG), functional near-infrared spectroscopy (fNIRS), and 

functional magnetic resonance imaging (fMRI), previous research has presented 

converging evidence supporting the involvement of both bottom-up and top-down 

processing during (listening) comprehension (Aryadoust, Ng, Foo, & Esposito, 2020; 

Kintsch, 1998; Obleser & Kotz, 2011; Zekveld, Heslenfeld, Festen, & Schoonhoven, 
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2006). Research supporting cognitive process-based models of comprehension such as 

the immersed experiencer (Zwaan, 2004) shows that successful comprehenders 

reconstruct multiple textual dimensions such as time, space, and actions by applying 

dynamic bottom-up and top-down processing. In our view, these facets of 

comprehension need to be parameterized in future psychometric research on listening 

comprehension. For example, to measure listeners’ understanding across these 

dimensions, test items should evaluate listeners’ comprehension of the gist, location 

and time, and understanding a range of overt or covert relationships such as cause-effect 

and comparison and contrast.  

Research Question 2 

In this study, we developed the four-pronged heuristic composed of computational 

techniques of text analysis (Green et al., 2010; McNamara et al., 2014), factor structure 

analysis (Arbuckle, 2016b), and the congruence coefficient (Lorenzo-Seva & Ten 

Berge, 2006) to investigate the factor invariance of the MET Listening Section across 

multiple test forms. Our results revealed the unidimensional listening construct was 

consistent across different MET test forms, lending supporting evidence to its validity. 

The replicability of the one-factor structure across the four test forms further suggested 

that the possibility of errors in our findings was negligible.  

The four-pronged heuristic introduced in this study consists of four stages: 

construct delineation, construct operationalization, factor structure analysis, and 

congruence coefficient. While stages 1 and 2 are pertinent to both test development and 

validation, stages 3 and 4 are relevant to validation. The delineation and 
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operationalization of the test construct are pre-administration steps that underpin test 

development, specification, and realization of the test’s psychological dimensionality. 

During construct delineation, the listening construct is defined either through subskills-

based or cognitive process-based approaches. In contrast, the construct(s) is(are) 

realized into a listening test comprising test items and listening passages during 

construct operationalization. Subsequently, the items measuring the psychological 

dimensionality of the test need to be inspected for consistency across test forms, texts, 

item stems, and options. To carry out this inspection, test developers need to investigate 

whether there are significant differences in linguistic features across different test forms. 

Furthermore, the congruency of topics, length, and linguistic features of the scripts, 

stems, and options across test forms need to be examined to establish equity at this pre-

administration stage.  

Alternatively, the analysis of factor structure and the congruence coefficient 

support test validation as they concern the empirical examining of psychometric 

dimensionality and replicability based on test data. The factor structure is a 

psychometric representation of variance in the test data. If the test variance lends itself 

to partitioning (i.e., test items can be grouped into separate latent factors), the test is 

psychometrically multidimensional (Thompson, 2004). This allows test developers to 

provide sub-scores representing the test dimensions as well as total scores representing 

the whole construct (in the presence of a higher-order listening factor) (see Sawaki & 

Sinharay, 2018). The congruity between the psychometric dimensionality identified 

during this stage and the psychological dimensionality specified in stage 2 be subjected 
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to validity investigation. Although Buck (1994), Buck and Tatsuoka (1998), Wagner 

(2004), and Goh and Aryadoust (2015) attempted to identify a correspondence between 

these two concepts, not all of them achieved optimal results. Thus, the consistency of 

psychometric and psychological dimensionality of listening tests remains unresolved.  

In the final stage of the four-pronged heuristic, we proposed adopting the 

congruence coefficient in two ways. Firstly, the coefficient can be computed for test 

items across different test forms. Here, the items are paired based on their running order. 

Secondly, items measuring the same psychological or psychometric dimensionality can 

be aggregated for computing the congruence coefficient if the one-on-one 

correspondence of items is not established across test forms. The congruence coefficient 

is different from reliability across test forms and is regarded as a step to examine test 

validity based on the similarity between factors derived in different test forms 

(Lorenzo-Seva & Ten Berge, 2006).  

The four-stage heuristic used in this study served as a model for test development, 

investigating the replicability of language constructs and collecting evidence for test 

validity. Valid tests must possess the same factor structures or latent constructs that are 

consistently represented across test forms i.e., the number and substantive meaning of 

the factors captured in parallel test forms must be equitable. In particular, the 

application of the congruence coefficient provided evidence for factor consistency as 

this index indicates whether the factors identified had similar psychometric 

interpretations across different test forms (Lorenzo-Seva & Ten Berge, 2006). In this 

study, we found that the test content and psychometric properties are consistent across 
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the four MET listening test forms and this is indicative that the factor structure is 

reproducible. Importantly, this adds validity evidence to the score reporting practices in 

the MET Listening Section, while the inconsistency of psychometric-psychological 

dimensionalities warrants further investigation. 

Here, we adopted Loevinger’s (1957) structural facet of validity, which was 

adopted by Messick (1996), too, to conceptualize a hybrid approach for examining test 

validity i.e., the four-pronged heuristic that combines issues of reliability/consistency 

and construct validity. In argument-based validation, evidence regarding the 

consistency of scores across test forms needs to be relevant to a warrant supporting a 

claim about the consistency or reliability of test scores, while evidence regarding the 

factor structure would be relevant to a warrant supporting the explanation inference or 

construct validity (i.e., claims about the meaningfulness of score interpretations) (Kane, 

2006; Messick, 1989). The four-pronged heuristic extends these concepts and 

emphasizes the role of construct equivalence across test forms generated based on the 

same test specification. What differentiates our approach from measurement invariance 

or test equating methods is that it allows for test equivalence investigations in the 

absence of linking test items, which is essential for test equating (Kolen & Brennan, 

2014). Our approach is particularly useful under the circumstances where test 

developers cannot use linking items across different test forms to avoid test security 

issues.  

Conclusion 

This study further contributes towards an understanding of L2 listening assessment. To 
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broaden our understanding and assist communication from an ecological perspective, 

the assessment and teaching of L2 listening need to focus on dynamics across various 

listening mechanisms. Importantly, the main purpose of teaching L2 listening is to assist 

language learners in becoming better communicators. Accordingly, a communicative 

approach to listening that focuses on authenticity must be prioritized (Ockey & Wagner, 

2018). Instead of viewing listening as a set of distinct subskills and building language 

learning lessons around subjective and idiosyncratic representations of listening, L2 

teachers and testers should aim at improving language learners’ communication skills 

to select from a range of communicatively-oriented listening behaviors that best serve 

the purpose of listening in a given context.  

From a methodological perspective, the four-pronged heuristic proposed for 

investigating factor invariance across multiple test forms can provide psychometric 

validity evidence for listening tests. In particular, the statistical test of construct 

delineation and operationalization across test forms used in this study is useful for 

investigating the content-related validity ‘objectively’. Furthermore, examining the 

factor structures and the congruence coefficient that targets structural-related validity 

can offer appropriate validity evidence for listening comprehension tests. 

We proposed the use of psychological reality (e.g., a cognitive process-based 

approach) to drive theoretical construct definition and subsequent operationalization 

instead of the ‘practical’ approach (e.g., subskills-based approach). As the present study 

is limited by its approach of adopting one proficiency test with dichotomous data, future 

studies should examine whether the findings can be extrapolated to tests with other test 
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formats. Future studies can also employ other methods such as think-aloud, eye tracking, 

and neuroimaging techniques to provide reliable and replicable alternatives to 

understand the cognitive processes of L2 listening. Such methods have been applied in 

other studies on language and brain (Quaresima, Bisconti, & Ferrari, 2012; Sugiura et 

al., 2011) and may perhaps inform us on the listening comprehension under test and 

real-world conditions since listening is an internal process.  
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Appendix  
Fit Statistics for the Bayesian Confirmatory Factor Analysis 

Form  Model PPP Item Standardized 

Regression Weights 

(Range) 

Correlations of Latent 

Variables 

Standardized 

Regression 

Weights of Latent 

Variables 

Number of 

Insignificant 

Standardized 

Regression 

Weights  

Item Standardized 

Deviation (Range) 

Variance Remark 

1 1 .21 Local (.377-.829) 

Global (.463-.731) 

Inferential (.402-.822) 

Global ↔ Local (1.000) 

Local ↔ Inferential (.987) 

Global ↔ Inferential (1.003) 

NA 0 Local (.17-.38) 

Global (.018-.032) 

Inferential (.019-.033) 

Local (.363) 

Global (.271) 

Inferential (.287) 

N-AD 

 2  NE NE NE NE NE NE NE NE 

 3 .00 Local (.290-.800) 

Global (.486-.806) 

Inferential (.339-.831) 

NA Local (.996) 

Global (1.004) 

Inferential (.998) 

0 Local (.012-.023) 

Global (.012-.034) 

Inferential (.017-.032) 

Listening (1.684) N-AD 

 4 .21 Listening (0.391-.819) NA  NA 0 Listening (.017-.041) Listening (.347) AD 

2 1 .00 Local (.461-.904) 

Global (.621-.841) 

Inferential (.534-.721) 

Global ↔ Local (1.000) 

Local ↔ Inferential (.996) 

Global ↔ Inferential (1.010) 

NA 0 Local (.010-.049) 

Global (.018-.069) 

Inferential (.012-.041) 

Local (.540) 

Global (.106) 

Inferential (.73) 

N-AD 

 2  NE NE NE NE NE NE NE NE 

 3 .00 Local (.449-.896) 

Global (.616-.847) 

Inferential (.567-.882) 

NA Local (.993) 

Global (1.008) 

Inferential (1.002) 

0 Local (.008-.039) 

Global (.016-.043) 

Inferential (.010-.036) 

Listening (.519) 

 

 

N-AD  

 

 

 4 .12 Listening (.296-.812) NA NA  0 Listening (.014-.047) Listening (.075) AD 



 

50 (Author page number) 
 

Form  Model PPP Item Standardized 

Regression Weights 

(Range) 

Correlations of Latent 

Variables 

Standardized 

Regression 

Weights of Latent 

Variables 

Number of 

Insignificant 

Standardized 

Regression 

Weights  

Item Standardized 

Deviation (Range) 

Variance Remark 

3 1 .00 Local (.333-.759) 

Global (.347-.858) 

Inferential (.387-.768) 

Global ↔ Local (.986) 

Local ↔ Inferential (1.014) 

Global ↔ Inferential (1.005) 

NA 0 Local (.016-.041) 

Global (.018-.038) 

Inferential (.017-.048) 

Local (2.045) 

Global (.338) 

Inferential (.259) 

N-AD 

 2  NE NE NE NE NE NE NE NE 

 3 .00 Local (.435-.827) 

Global (.465-.763) 

Inferential (.506-.758) 

NA Local (.994) 

Global (.986) 

Inferential (1.018) 

0 Local (.011-.032) 

Global (.011-.041) 

Inferential (.019-.052) 

Listening (2.306) 

 

 

N-AD  

 

 

 4 .26 Listening (.307-.817) NA NA  0 Listening (.013-.059) Listening (.163) AD 

4 1 .23 Local (.333-.759) 

Global (.347-.858) 

Inferential (.387-.768) 

Global ↔ Local (.987) 

Local ↔ Inferential (.992) 

Global ↔ Inferential (.997) 

NA 0 Local (.013-.028) 

Global (.012-.042) 

Inferential (.015-.028) 

Local (.436) 

Global (.36) 

Inferential (.262) 

N-AD 

 2  NE NE NE NE NE NE NE NE 

 3 .25 Local (.431-.831) 

Global (.475-.765) 

Inferential (.506-.785) 

NA Local (.992) 

Global (1.001) 

Inferential (.993) 

0 Local (.018-.039) 

Global (.017-.039) 

Inferential (.020-.045) 

Listening (.455) 

 

 

N-AD  

 

 

 4 .26 Listening (.424-.823) NA NA  0 Listening (.015-.036) Listening (.329) AD 

Abbreviations: PPP = Posterior Predictive p-value; NE = Not Estimable; NA = Not Applicable; N-AD = Non-admissible; AD = Admissible  
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