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ABSTRACT

Morphological knowledge is an important building block of second-language learners’ writing ability. The present

research aimed to determine whether the materials of a simple tool for probing awareness of morphological knowledge

— the Wug test — can be used in a novel manner and for a novel purpose. Namely, it asked whether these materials can

be co-opted to predict second-language learners’ (a) writing anxiety, (b) fluency of writing processes (e.g., the number

of words and sentences written per minute in response to a prompt), and (c) writing quality (as indexed by word type,

sentence complexity, and coherence). Participants were Arabic-English bilingual speakers enrolled in an English written

communication course that demarcated their transition to college. In this research, as Wug test performance increased,

writing anxiety decreased, suggesting that morphological competence is a key aspect of learners’ comfort with foreign

language writing. Wug test performance also predicted learners’ greater vocabulary competence (as reflected in their

reliance on low-frequency words) and writing fluency (as indexed by the length of text written under time constraints).

However, it did not predict sentence-level properties of their writing, such as sentence complexity and cohesion. These

findings suggest that the Wug test is a useful, albeit limited, tool for identifying second-language learners’ basic difficulties

in writing, including word-level competence and affective factors.
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1. Introduction

Morphological knowledge is ‘the grammar of words’ [1].

As such, it is an important building block of second-language

learners’ ability to write [2,3]. It refers to the knowledge learn-

ers have of how morphemes (basic units of meaning) can

either stand alone as meaningful entities or be combined

to create other meanings. Learners’ writing performance

heavily relies on the ability to apply regularities to novel

instances of the language. Depending on the theoretical ap-

proach [1,4], regularities can be understood as arising from

morphological rules (abstraction-based processing) or simi-

lar instances in the language encoded in long-term memory

(analogy-based processing). Nevertheless, regularities are

key to parsing new words, and thus to building an increas-

ingly larger and more sophisticated vocabulary. For instance,

imagine that a novel combination of letters is encountered,

such as ‘Wug’, along with a picture that illustrates a fictional

character labeled Wug. A picture is then shown in which the

original character is paired with a physically identical one. A

prompt asks the test-taker to indicate (through either writing

or speaking) how the two characters would be called (i.e.,

Wugs). This example refers to one of the many items of the

well-known Wug test [5,6]. The test aims to elicit inflected

forms of pseudowords, each linked to a drawing illustrating

its alleged meaning. The test is best performed if participants

treat the pseudowords as if they were real words, activating

the appropriate rules for inflection or relying on analogies

for the same purpose [7]. This ostensibly fun and simple task

may not be an easy feat for second-language learners, as it

requires many cognitive operations to be carried out. If the

task is administered in a written format, a correct answer

to the test item described above entails reading, understand-

ing the information provided by the picture and its related

prompt, retrieving the appropriate morphological inflection

from long-term memory (as either a rule or through recogni-

tion of similar patterns), and applying it to the pseudoword

‘Wug’. Thus, performance on the Wug test rests chiefly

on morphological awareness, which refers to the conscious

knowledge of how words are built in a given language, in-

cluding meaningful roots and affixes (i.e., morphemes).

The acquisition of a second language at an adult age

heavily relies on the explicit recognition of regularities as

well as practice in their application. According to Levy [7],

the Wug test offers a good measure of the degree to which

morphological knowledge is automated when it is given to

individuals whose knowledge of a language is still in the

process of being established. Theories of the development

of cognitive skills, including language, claim that skilled

performance is achieved when knowledge becomes procedu-

ral and automated [8,9]. It follows that learners may initially

devote considerable attention to noticing and encoding regu-

larities in the second language and then use them in writing

or speaking. With practice, such perceptual-cognitive oper-

ations become largely effortless (i.e., fluent). The task of

forming inflected forms of pseudowords, as in the Wug test,

is not immune to practice with morphology. Yet, it rests heav-

ily on test-takers’metacognitive awareness of morphological

regularities [2]. Of course, in second-language learners, the

task of consciously retrieving and applying the right mor-

phological regularities is more or less laborious depending

on their practice with the second language. As language

practice increases, the retrieval and application of such regu-

larities become quick and effortless. That is, it exhibits the

properties of fluent processing.

The Wug test has been primarily administered to chil-

dren to assess their level of spoken word acquisition. Much

less research has involved the administration of the Wug test

to adult learners of a second language [10]. With such learners,

written responses to the Wug test can assess morphological

knowledge applied to written forms of the second language.

Can the materials of a simple tool for probing morphological

knowledge (the Wug test), which is easy to administer and

fun to complete, be used in a novel manner and for a novel

purpose? In this vein, the present research seeks to determine

whether the test can become a useful, easy-to-administer, and

fun-to-complete assessment tool for predicting cognitive and

affective aspects of writing in second-language learners. The

research rests on the recognition that for such learners, writ-

ing is a particularly effortful activity whose fluency and qual-

ity depend on prolonged practice [11], and whose execution

is often associated with anxiety [12]. The research specifi-

cally assesses whether the performance of second-language

learners on the Wug test can predict the extent to which such

learners (a) experience writing anxiety, (b) exhibit fluent

writing (as measured by the number of words and sentences

written per minute in response to a prompt), and (c) demon-

strate writing quality (e.g., use of low-frequency and concrete
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words, as well as sentence complexity and coherence).

Adult learners of English whose first language is Ara-

bic are selected for this research due to their status as an

understudied student population. It is not surprising that

for such learners, writing in the English language is particu-

larly challenging. Both morphological inflections [13] and the

writing systems of English and Arabic are quite different [14].

For instance, English relies on the alphabet, which includes

graphemes for both consonants and vowels, whereas Arabic

relies on abjad, which prioritizes graphemes for consonants,

thereby leaving vowels to be inferred. Words in written

Arabic are often based on a root word consisting of three

consonants. This root word is then conjugated to account

for differing tenses as well as to become nouns, adjectives,

and adverbs. Morphological inflections in Arabic serve to

define gender as well as dual and plural forms (three or more

items). More broadly, Arabic tends to be written as if it were

spoken [15]. Instead, English is written to be read.

2. Literature Review

Metalinguistic tasks, such as the Wug test, require test-

takers to access their linguistic knowledge (i.e., represen-

tations) and operate on linguistic forms (executive control

operations). Metalinguistic awareness includes both exec-

utive control (i.e., attention and monitoring processes) and

language analysis (i.e., use of linguistic knowledge). Thus,

successful performance on a metalinguistic task, such as

the Wug test, is the result of attending to and manipulat-

ing linguistic forms. Specifically, Wug-test performance

relies on making explicit the implicit knowledge of English

morphology that a learner possesses. The executive control

demands of the Wug test are low since there is no distracting

information that must be ignored. In contrast, demands on

morphological knowledge are fairly high because test-takers

are expected to generate the correct morphological forms

of pseudowords (i.e., pronounceable strings of letters never

encountered before).

Evidence that the Wug test relies on morphological

knowledge and its use, but demands little executive control,

is offered by research involving comparisons between bilin-

gual and monolingual children. The former children are se-

lected for their superior executive control practice due to their

having to manage attention to two jointly activated languages

throughout their daily lives [16]. Emblematic of this research

is the study of Barac and Bialystok [17], which compared the

Wug-test performance of a bilingual group and an English

monolingual group that had equivalent English vocabulary

and grammatical knowledge. Barac and Bialystok [17] found

that the Wug-test performance of the bilingual group was

superior to that of the English monolingual group. Yet, the

performance advantage of the bilingual group was only ob-

served when bilingual and monolingual children’s language

proficiency was equivalent [18]. Bialystok and Barac [19] also

found that English vocabulary knowledge predicted theWug-

test performance of bilinguals. As a result, Bialystok and

Friesen [16] argued that performance on theWug test is primar-

ily driven by learners’ insight into the relationship between

language’s form and its meaning.

3. Hypothesis Testing

In the present research, several questions are asked,

followed by hypotheses tested on adult learners of English

whose first language is Arabic. Each question is preceded

by the rationale upon which hypothesis testing rests. Over-

all, the research asks whether the metalinguistic awareness

assessed through theWug test can predict affective and cogni-

tive dimensions of the writing performance of older learners

(e.g., college students).

Among affective dimensions, the experience of writ-

ing anxiety emerges as a common phenomenon of second-

language learners in college [12]. Unsurprisingly, it tends to

co-occur with poor writing output (a cognitive variable [20]).

Writing anxiety can be defined as a state of apprehension that

is associated with the activity of writing [12]. Apprehension

includes both physiological and psychological epiphenom-

ena [21,22]. Somatic anxiety refers to self-reported signs of

increased autonomic arousal and nervousness, which may in-

clude hyperventilation, sweating, trembling, and palpitations.

Cognitive anxiety represents an array of thought processes

that embody distraction, such as worries, intrusive thoughts,

and lack of concentration. Cognitive anxiety may include

appraisal concerns (i.e., worries about poor evaluations) and

communication apprehension (i.e., worries about acts of in-

formation transmission involving others). Conversely, avoid-

ance behaviors are attempts to sidestep writing, including

the actions of withdrawing, procrastinating, and evading.
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In the extant literature, the relationship between anxiety

and writing output has often focused on writers’ mistakes.

In general, the product of anxious writers compared to that

of less anxious writers has been described as of inferior

quality (e.g., underdeveloped), shorter, and punctuated by

errors [20,23,24]. In a related field, Ke et al. [25] found a relation-

ship between learners’ morphological awareness and either

foreign language word decoding or reading comprehension.

The relation was moderate, though. Since both reading com-

prehension (receptive mode) and writing (productive mode)

rely on morphological knowledge [3,26], the same relationship

may be expected to apply to writing. Indeed, morphological

knowledge has often been designated as the foundation of

writing [3]. Furthermore, if morphological knowledge is the

common denominator of both writing difficulties and anx-

iety, it can offer a common thread for developing effective

interventions intended to foster proficient writing.

The Wug task requires knowledge of morphology [27]

that second-language learners may still be mastering [28,29].

Second-language learners tend to recognize scant linguis-

tic knowledge arising from insufficient writing practice as

the main source of their writing anxiety [29]. Balta et al. [30]

reported that writing anxiety decreased with increased met-

alinguistic awareness, which is the ability to reflect upon and

manipulate the structural features of a language, instead of

merely using linguistic knowledge for comprehension and

production tasks. One of such features is morphology. Thus:

H1. It is reasonable to expect performance on the Wug task

to be negatively correlated with measures of writing anxi-

ety, such as somatic and cognitive anxiety, and behavioral

avoidance.

Exposure to a second language (i.e., practice) is the

common denominator of the acquisition of morphological

knowledge [7] and writing skills [29,31]. With practice comes

morphological awareness, which refers to the conscious

knowledge of how words are built in a given language, in-

cluding meaningful roots and affixes (i.e., morphemes). Mor-

phological awareness is a key aspect of learning how to write

in a second language [2]. As the application of morphology

to writing may be less than automatic in second-language

learners, writing will be characterized by low fluency [7]. The

Wug task also relies on the application of morphology, but

with one caveat. It requires the conscious (explicit) use and

application of morphological regularities to pseudowords.

Thus, performance rests heavily on metacognitive awareness

of morphological regularities [7], which may be in the process

of being developed in second-language learners.

H2. It follows that performance on the Wug task is likely

to be related to indices of writing fluency [32], such as the

number of words and sentences written per minute under

time constraints in response to a generic writing prompt.

Morphological knowledge and morphological aware-

ness entail understanding how words are created, which

is key to vocabulary development (i.e., acquisition of new

words [33,34]. In children, morphological awareness predicts

and fosters early vocabulary learning [18,34]. The Wug test

assesses the application of morphological knowledge to in-

dividual pseudowords. Thus, phonological awareness is key

to performance. As such, Wug-test performance is likely to

be correlated with word-level properties of second-language

learners’ writing, such as concreteness and low frequency

(as denoting unfamiliar words). In writing, low-frequency

words are produced at a slower rate than higher-frequency

words [35,36]. In other processing tasks, such as picture nam-

ing [37] and free recall [38], low-frequency words emerge as

more difficult to retrieve. The opposite is true for concrete

words, that is, words that are easy to imagine [39]. Not sur-

prisingly, high-frequency words tend to be more concrete

than low-frequency words [40]. Thus, the prevalence of low-

frequency words in the writing of second-language learners

may be seen as indexing writing proficiency, whereas the

prevalence of concrete words may be treated as indicating

the opposite.

H3. It follows that as learners’morphological knowledge

becomes established, the use of low-frequency words is likely

to increase, whereas the use of concrete words is likely to

decrease.

The fact that the Wug test assesses the application of

morphological knowledge to individual pseudowords has

other implications for writing quality.

H4. Performance on the Wug test will be unlikely to predict

qualitative properties of sentences.

Such as syntactic complexity, or connections amongst

sentences (lexical coherence). Indeed, generating morpho-

logically sensible variants of isolated tokens is a different

task from generating morphologically appropriate variants
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of tokens in sentences [41].

4. Method

4.1. Participants

The participants were a convenience sample of 233

female learners who were transitioning to college. Their first

language wasArabic, and English was their second language.

They were Saudi Arabian nationals whose acquisition of the

English language had primarily occurred in elementary and

high schools. Acquisition had been fostered by exposure

to English media (as per self-reports). Participants were re-

cruited from an introductory English composition course.

Their ages ranged from 18 to 25 (M = 19.52). Their an-

ticipated academic major included STEM fields, such as

engineering, computer science, and architecture (n = 101),

and non-STEM fields, such as law, business, and interior

design (n = 132). Learners who failed to complete one or

more of the tasks described below were not included in the

sample (n = 8).

4.2. Procedure and Materials

Participants completed four online tasks after provid-

ing informed consent: (a) answering some demographic

questions (e.g., age and anticipated major); (b) writing a

paragraph in response to the prompt “Who am I?”; (c) re-

sponding in writing to the queries of the Wug test [5,6], which

assessed morphological awareness; and (d) completing the

revised version [22] of the Second-Language Writing Anxiety

Inventory (SLWAI) of Cheng [12], which assessed students’

writing anxiety. All tasks were administered online in a quiet

environment under the supervision of a researcher.

The prompt for the writing assessment task was in-

tended to foster students’ engagement. In pilot work (n = 20),

it was one of the topics for essay writing preferred by a com-

parable sample of students. Fifteen minutes were allocated

to the writing task.

The Wug test contained 33 queries regarding partici-

pants’ knowledge of morphological regularities. They in-

cluded plural case formation (10 items), possessive case for-

mation (6 items), and verb conjugation (including present and

past forms; 11 items). The remaining items were represented

by individual queries. They involved forming the diminutive

case, comparative case, and superlative case, nominalizing,

creating an adjective from a noun, and forming a compound

noun. Thus, most of the items involved awareness of in-

flectional rather than derivational morphemes. Inflectional

morphemes are suffixes that define either time or quantity

without changing the key meaning or the syntactic category

of a word (e.g., walked, walks, and walking). On the other

hand, derivational morphemes are either prefixes or suffixes

that change the meaning and/or the syntactic category of

a word to which they are attached (e.g., walker, unable).

Cronbach’s alpha was 0.92.

The SLWAI consisted of 22 items covering somatic and

cognitive anxiety and behavioral avoidance, each measured

by a sub-scale. In this inventory, somatic anxiety denoted

reports of the physiological manifestations of anxiety pro-

duced by elevated autonomic arousal (e.g., an upset stomach,

high heart rate, excessive perspiration, and numbness). Be-

havior avoidance, instead, referred to actions to distance one-

self from writing. They included procrastinating, evading,

and withdrawing. Cognitive anxiety was assessed through

queries gathering information about negative thoughts, in-

cluding apprehension and negative expectations. Participants

reported their answers on a 5-point scale from strongly agree

(+2) to strongly disagree (−2), with 0 serving as the neutral

point. The need to ensure participants’ adequate compre-

hension of the inventory’s items dictated that each item be

presented in both English and Arabic. It also dictated mi-

nor revisions of the English text of the 22 items of Cheng’s

SLWAI [12]. For instance, the phrase “write English compo-

sition” was changed to “write assignments in English”. As

reported by Waked et al. [22], surface changes in the word-

ing of some items guaranteed that second-language learners

would intuitively comprehend the text without much effort.

Cronbach’s alpha was 0.85.

As soon as records of the four tasks were matched

through identification markers, all markers were deleted to

preserve participants’ confidentiality. Debriefing sessions of-

fered an opportunity to gather qualitative information about

participants’ task approach and views of their performance.

We also asked instructors (n = 8) assigned to the course to

indicate independently what they judged to be the Wug-test

score (%) indexing minimally acceptable English proficiency

for students at an English-medium institution. The aimwas to

obtain an in situ criterion against which to assess participants’
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performance. Instructors were also asked about students’

responses to feedback pointing out writing mistakes. All

remarks made by students and instructors were anonymized.

The coding reliability approach of thematic analysis was

used to classify anonymized students’ answers [42]. Two in-

dependent raters with expertise in behavioral sciences cate-

gorized students’ remarks. Their inter-rater agreement was

97%. In case of discrepancies, the judgment of a third rater

was retained. The study’s methodology had been approved

by the Deanship of Research as complying with the guide-

lines of the Office for Human Research Protections of the

U.S. Department of Health and Human Services (PMU-DoR-

2023-2024-6).

5. Results and Discussion

5.1. Performance Report

Table 1 presents the descriptive statistics of the affec-

tive and cognitive measures. In the table, each score of the

Wug test is represented as the mean percentage correct for a

particular morphological case or for the entire test. Because

some of the test items were single items, they were not an-

alyzed separately but combined into the overall Wug score.

Analyses are organized by the hypotheses they tested. If

inferential statistics were used, they were considered signifi-

cant at the 0.05 level. Furthermore, if multiple comparisons

were made, the Bonferroni correction was applied.

Concerning performance in the Wug test, percent cor-

rect values, either overall or clustered by morphological rule,

indicated that learners were still in the process of master-

ing the English language. Overall Wug-test performance

(41.50% correct) fell short of the instructors’ views of the

scores indexing minimal English proficiency, which ranged

from 80% to 90% (M = 86%). Of course, differences existed

in morphological knowledge [F(2, 464) = 135.19, MSE =

443.098, p < 0.001, partial ŋ2 = 0.368]. Learners were less

proficient in forming the possessive case than in either form-

ing the plural case or conjugating verbs [ts(232) ≥ 11.07,

p ≤ 0.001]. Between the latter tasks, learners were more

proficient in the formation of plural cases [t(232) = 5.28, p

≤ 0.001]. Important to note is that our participants relied

exclusively on regular inflections to complete theWug items,

underscoring their limited exposure to the English language.

Table 1. Mean (M) and standard error of the mean (SEM) of performance measures.

Performance Measures M SEM

Morphology (0–100)

Plural Form 56.61% 1.64

Verb Conjugation 47.05% 2.04

Possessive Form 25.32% 2.14

Wug Score 41.50% 1.52

Writing Anxiety (− 2 – + 2)

Somatic Anxiety − 0.53 0.06

Behavioral Avoidance − 0.53 0.05

Cognitive Anxiety − 0.12 0.05

Writing (Quantity)

No. of Words per min 4.89 0.13

No. of Sentences per min 0.24 0.01

Writing (Quality: 1–100)

Concrete Word Index 39.20 0.70

Unfamiliar Word Index 40.30 1.13

Sent. Complexity Index 61.24 1.38

Sent. Cohesion Index 46.36 0.43

Indices of Errors in Writing (0-100)

Plural Form 2.47% 0.10

Verb Conjugation 2.60% 0.10

Possessive Form 3.12% 0.11

Note: For the concrete word and sentence cohesion indices, higher values indicate less sophisticated writing.

Concerning writing anxiety, although differences ex-

isted among the three types [F(2, 464) = 35.43,MSE = 0.373,

p < 0.001, partial ŋ2 = 0.132], scores were all significantly

below 0 [ts(232) ≥ 2.54, p ≤ 0.012]. That is, learners did

not report any type of writing anxiety but rather comfort

with writing in a second language despite their demonstrably

weak morphological knowledge.

To better understand writing proficiency, the number
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of errors committed when responding to the writing prompt

was calculated for each morphological category. Error in-

dices were computed acknowledging the number of words

written: the number of mistakes made in a morphological

category divided by the number of words written in response

to the prompt, multiplied by 100. As displayed in Table 1,

the magnitude of error indices was rather small due to the

limited number of words that learners could write within the

allocated time. Nevertheless, we found that the possessive

form was more likely to yield a mistake than the other two

examined morphological inflection forms [ts(232) ≥ 4.85, p

< 0.001]. The plural form and verb conjugation were equally

less likely to yield a mistake [t(232) = 1.56, ns].

This pattern of results implied that learners might have

been under the ‘illusion of knowing phenomenon’ [43]. The

phenomenon refers to the false belief that knowledge has

been attained when reality suggests otherwise. A review of

the comments made by learners during debriefing sessions

supported this account. Although learners spontaneously

admitted that writing in a foreign language was a challeng-

ing task, they were mostly unaware of their mistakes when

writing about a topic that they found easy and entertaining

(i.e., themselves). Instructors reported that when individual

mistakes were pointed out, learners often appeared startled.

5.2. Does the Wug Task Predict Performance

orWriting Anxiety?

Pearson correlation analyses were conducted between

learners’ Wug-test performance and measures of (a) writ-

ing anxiety, (b) fluency (as indexed by writing quantity), or

(c) writing quality. Table 2 illustrates the results of these

analyses along with coefficients of determination (i.e., the

percentage of variance in a Wug measure accounted for by

another measure).

Table 2. Correlations between Wug performance measures and writing anxiety, writing quality, or writing quantity.

Plural Form Possessive Form Verb Conjugation Wug Score

Writing Anxiety

Somatic Anxiety − 0.13 (1.69%) − 0.25 (6.20%) − 0.31 (9.55%) − 0.30 (9.24%)

Behavioral Avoidance − 0.15 (2.37%) − 0.17 (2.79%) − 0.18 (3.10%) − 0.21 (4.24%)

Cognitive Anxiety − 0.22 (4.71%) − 0.28 (7.90%) − 0.33 (11.02%) − 0.36 (12.96%)

Writing (Quantity)

No. of Words/min + 0.18 (3.17%) + 0.26 (6.50%) + 0.22 (4.93%) + 0.27 (7.13%)

No. of Sentences/min + 0.20 (4.08%) + 0.23 (5.11%) + 0.18 (3.35%) + 0.24 (5.52%)

Writing (Quality)

Concrete Word Index + 0.01 + 0.02 − 0.07 − 0.03

Unfamiliar Word Index + 0.07 + 0.20 (4.16%) + 0.15 (2.19%) + 0.18 (3.13%)

Sent. Complexity Index − 0.05 − 0.06 - 0.05 − 0.06

Sent. Cohesion Index − 0.04 + 0.01 − 0.02 − 0.01

Note: Correlations significant at the 0.05 level are reported in bold along with the coefficient of determination (in parentheses).

Correlation analyses between the Wug-task perfor-

mance measures and writing anxiety were consistently neg-

ative. That is, as learners’ morphological knowledge in-

creased, their somatic and cognitive anxiety and behavioral

avoidance decreased. This pattern of results supported H1.

However, the coefficients of determination were rather small.

Furthermore, the morphological error indices gathered from

participants’ writing were small in magnitude due to the

limited number of words that learners could write in the allo-

cated time. Because of the restricted range displayed by such

indices [44], we abstained from measuring their relationships

with anxiety measures.

Correlation coefficients indicated the strength and di-

rection of binary relationships, such as between a particular

type of morphological knowledge and cognitive anxiety, in

isolation from all other measures. Regression analyses were

conducted to determine the extent to which relationships

existed in the context of others. To determine the relative

contribution of key dimensions of Wug-test performance

(i.e., forming the possessive case, articulating the plural case,

and conjugating verbs) to writing anxiety, we specifically

selected cognitive anxiety to be the outcome variable, as it

conceptually reflected disruptions of information processing

in task execution. In this analysis (see Table 3), only verb

conjugation contributed to cognitive disruptions in writing

performance.
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Table 3. Regression analyses for Wug-test performance dimensions as the predictors and cognitive anxiety as the outcome variable.

b SE b Beta p

Constant 0.264 0.111

Plural form − 0.001 0.002 − 0.032 0.668

Possessive Form − 0.003 0.002 − 0.132 0.085

Verb Conjugation − 0.005 0.002 − 0.241 0.003

Note: R = 0.35; Tolerance ≥ 0.6. Significant relationships are marked in bold.

Concerning predictions of learners’ writing fluency (as

measured by the number of words or sentences written per

minute), correlations were consistently positive. That is, as

learners’ morphological knowledge increased, writing flu-

ency also increased. This pattern of results supported H2.

To determine the relative contribution of key dimen-

sions of Wug-test performance (i.e., forming the possessive

case, articulating the plural case, and conjugating verbs) to

writing fluency, we specifically selected the number of words

per minute as the outcome variable to reflect the fluency of

information processing in task execution. In this analysis

(see Table 4), only forming the possessive form contributed

to writing fluency. The same pattern was obtained with the

number of sentences per minute.

Table 4. Regression analyses for Wug-test performance dimensions as the predictors and writing fluency as the outcome variable.

b SE b Beta p

Constant 4.101 0.320

Plural form 0.004 0.006 0.051 0.502

Possessive Form 0.011 0.005 0.181 0.021

Verb Conjugation 0.006 0.005 0.093 0.266

Note: R = 0.28; Tolerance ≥ 0.6. Significant relationships are marked in bold.

H3 predicted that performance on the Wug test would

be likely to be correlated with word-level properties of

second-language learners’ writing, such as concreteness and

low frequency (as indexing unfamiliar words). Except for

knowledge of the plural case, learners’morphological knowl-

edge increased with the number of low-frequency words

used. However, no correlation was found between perfor-

mance on the Wug task and learners’ reliance on concrete

words. Thus, H3 was only partially supported.

H4 predicted that Wug-test performance would be un-

likely to predict qualitative properties of sentences, such

as syntactic complexity, or connections amongst sentences

(lexical coherence). The absence of significant correlations

supported H4.

6. Conclusions

The results of the present research can be summarized

in two points. First, students exhibited less-than-desirable

performance on theWug test, a morphological inflection task

using pseudowords. Students’ performance (41.50% correct)

fell short of the instructors’ views of minimally acceptable

Wug-test scores for university-level demands at an English-

medium institution. It was substantially below that reported

by Guo et al. [10], through a modified version of the Wug test

completed by undergraduate students who were native En-

glish speakers. It was also below the Wug-test performance

of English monolingual children (5th grade), reported by

Bialystok et al. [18].

Our participants’Wug-test performance was positively

correlated with measures of writing fluency (the number

of words and sentences produced per minute) and with a

measure of writing quality (the use of low-frequency words

in their writing). During debriefing sessions, learners were

mostly unaware of mistakes in their writing involving mor-

phological inflections, although they claimed that writing

in a second language was a challenging task. Instructors

noted that students’ responses to feedback pointing out writ-

ing mistakes were often received by students with a sense

of disbelief. Interestingly, when participants were asked dur-

ing debriefing about the Wug test and its goal, they often

described it as a probe of a person’s critical thinking skills

involving curious puzzles to solve. They found the test en-

joyable, but not challenging, even though their performance

was less than optimal. Rarely, students mentioned the cogni-

tive challenges of the different types of Wug-test trials (e.g.,
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forming the possessive case, creating the plural case, or con-

jugating verbs). When they did, they mentioned the extra

time spent deciding whether the possessive form was needed.

This indirect admission of difficulty reflects the relationship

found in our regression analysis between fluency (number

of words written per minute) and generating the possessive

form in the Wug test. It also reflects the lower performance

on Wug trials involving the possessive form. Thus, students

could be said to exhibit some, albeit inadequate, selective

awareness of their morphological knowledge-based perfor-

mance. Their inadequate recognition of possessed knowl-

edge may be a mere epiphenomenon of the developmental

status of their second-language skills. Indeed, the illusion of

knowing phenomenon (i.e., incorrect performance viewed

as correct) tends to accompany both poor reading and writ-

ing performance [45]. The illusion of knowing phenomenon

might also explain the modest relationships between morpho-

logical awareness (as measured by the Wug test) and either

anxiety or writing measures. Although underreporting of

writing anxiety might have been fostered by cultural beliefs

and practices [46,47], students’ inadequate awareness of the

outcomes of their work could also have contributed to it.

Another possibility is that students might not have reported

much writing anxiety on the SLWAI if Artificial Intelligence

tools were thought of as capable of mitigating their shortcom-

ings. Learners with emerging morphological knowledge (i.e.,

performance < 50% correct), who suffer from the illusion of

knowing phenomenon or from unwarranted trust in AI, may

require targeted and deliberate practice exercises [48].

Second, although the illusion of knowing phenomenon

might have attenuated the relationship between participants’

Wug-test performance and writing anxiety (i.e., a negative

affective response), the relationship remained significant and

inverse. This inverse correlation might be seen as supportive

of the deficit account, according to which poor-performing

writers suffer higher anxiety levels due to insufficient writ-

ing skills [49]. It can also be seen as supportive of the in-

terference account, according to which anxiety can affect

performance in a second language by introducing distractions

(e.g., task-irrelevant information, such as worries and nega-

tive self-concerns). Within this account, distractions reduce

the attentional resources that can be devoted to writing [50].

Thus, poor writing is the result of difficulties in retrieving

and processing information. One additional account is also

consistent with our findings. According to it, writing anxi-

ety is the outcome of the low confidence that students have

in their abilities, which influences academic outcomes [51].

Although confidence in writing (i.e., writing self-efficacy)

was not directly assessed in our study, relevant information

about it was gathered from debriefing sessions. Spontaneous

comments about writing anxiety were frequently exemplified

by learners’ concerns about the challenges of writing in a

foreign language. Finding the right words and then creating

sentences that would be understood by native speakers were

the primary challenges cited by participants.

6.1. Limitations

A limitation of the present study to be addressed in the

future is that the Wug test does not separate morphological

knowledge from morphological awareness. Although these

terms are often used interchangeably, their meanings are

qualitatively different [25]. Morphological awareness refers

to one’s explicit understanding and use of morphology. Mor-

phological knowledge is mostly used to refer to the process-

ing of such knowledge, which encompasses the automatic

and implicit use of morphology.

Another limitation of our study is the lack of assessment

of writing self-efficacy. Yet, when we examined self-efficacy

in the population selected for the present study, the findings

were mixed. Associations with general indices of perfor-

mance, such as class grades [43,52] or GPA [53], ranged from

weak to null [54]. Null associations with competence-specific

indices, such as conditional reasoning [55], were also found.

An additional limitation of the present study is the narrow

timeframe given to learners for writing. If more time had

been given to planning and revising, the learners’ writing

output might have had different qualitative properties. Thus,

the validity coefficients [56] of theWug test for writing quality

might have changed as well.

Along with the assessment of self-efficacy, a reexami-

nation of learners’ qualitative and quantitative exposure to

the English language might shed light on the sources of in-

dividual differences in morphological awareness. In our

debriefing sessions, answers to questions about the age of

acquisition of English were consistently timed to elemen-

tary and high school education. An inquiry broader in scope

might have offered insights into the time course of morpho-

logical development in the selected learners. Abroader range
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of proficiency levels would also be of interest. Bialystok

and Barac [19] reported that English proficiency is related

to performance on metalinguistic tasks, such as the Wug

test. Thus, relationships between Wug-test performance and

writing measures might have been stronger if participants

exhibited a wider range of exposures to the English language.

Lastly, it is reasonable to assume that a more diverse

participant profile (e.g., language background, gender, etc.)

could have enhanced the generalizability of the current find-

ings, as well as the predictive power of the test. Furthermore,

the limited time available for writing might have restricted

the quality of the writing output, minimizing the predictive

power of the Wug test. When writing is under time restric-

tions, learners’Wug-test performance is of limited utility for

predicting properties of the sentences learners write, such as

length, complexity, and cohesion. Yet, these properties ex-

emplify English writing proficiency. Consider, for instance,

length (e.g., number of words per sentence). In foreign lan-

guage learning, the phenomenon of negative transfer refers

to the impact of learners’ native language on errors in the

second language [57]. Among the many differences between

English and Arabic is sentence length [58]. Namely, in the

Arabic language, sentences tend to be long and flowery with

multiple ideas [15,59]. Arabic tends to be written as if it were

spoken. English is written to be read. The comma (,) in

Arabic writing often serves the purpose of the period (.) in

English. This often results in entire paragraphs that consist

of one sentence alone. Thus, the shorter the sentences writ-

ten by learners, the greater might be their adherence to the

English mode of discourse.

6.2. Implications and Applications

Our findings also fall on one side of the controversy

regarding the knowledge source(s) of the Wug-test perfor-

mance [60], but not unequivocally. Consider that the test con-

tains pseudowords that can be completed with regular inflec-

tional patterns (e.g., wug: wugged) or irregular ones (e.g.,

gling: glinged or glang). Performance on such pseudowords

may arise from the application of rules, from analogies (as

per connectionist models that capture the similarities of in-

stances in the language), or from a combination of the two

approaches (as per hybrid models). In the latter case, in-

stances that lend themselves to regular generalizations are

assumed to be rule-governed. Conversely, instances that

lend themselves to irregular inflections are assumed to result

from rote memory of similar instances utilized by pattern

recognition processes. In our study, only regular inflectional

patterns were reported, thereby suggesting that learners’ per-

formance could be entirely accounted for by connectionist

architectures.

Our finding contrasts with that of Cuskley et al. [61],

who asked native and second-language English speakers to

inflect pseudo-verbs in a Wug-like task. Pseudo-verbs were

designed to be closer to irregular verbs, closer to regular

verbs, or equidistant from either. Cuskley et al. found that

second-language speakers produced more irregular inflec-

tions than native speakers across all novel verb types. Cusk-

ley et al. explained their findings by noting that irregular

verbs tend to be more frequent than regular verbs. They ar-

gued that second-language speakers’ more limited exposure

to the English language could account for their preference

for irregular inflections. In our study, information collected

during debriefings suggested that exposure to English was

largely limited to elementary and high school instruction and

irregular consumption of English-language media (mostly in

adolescence). Thus, the amount of our participants’ exposure

to English would be unlikely to equate to that of native speak-

ers. Although the performance of our participants was less

than optimal, reflecting their limited exposure to the English

language, they relied exclusively on regular inflections to

complete the Wug items. What we would have found if we

had used the more balanced stimuli of Cuskley et al. is a

matter to be investigated.

Notwithstanding its limitations, the current study con-

tributes to the extant literature by underscoring the utility

of a test perceived by second-language learners as an en-

joyable set of puzzles that engages their critical thinking

skills. It can be used not only to assess morphological knowl-

edge but also to predict writing anxiety and writing fluency.

Yet, the illusion of knowing phenomenon may weaken the

predictive validity of the Wug test. Thus, it is advisable

that before the administration of the test, a series of writ-

ing exercises be offered, followed by error-correction feed-

back [62,63]. Such exercises may be coupled with exercises

targeting morphological awareness. The goal of both activ-

ities is to reinforce the learners’ insights into their second

language competence, and counteract the illusion of knowing

phenomenon with information that can dispel it. Evidence
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exists that morphological awareness instruction can be bene-

ficial to vocabulary [64] and writing skills [65], including the

ability to generalize morphological inflections to untaught

lexical items. Instruction involving the correction of errors

in written products can also improve writing [62]. The avail-

ability of a variety of AI-powered writing assistance tools

(e.g., applications that provide corrective feedback and eval-

uation) can make targeted feedback immediately available

to learners [66,67]. Yet, the quality of the automatic feedback

may not always be optimal. Furthermore, the danger of

over-reliance on text generation applications may be coun-

terproductive to the acquisition of second-language writing

skills, motivation to learn, as well as students’ confidence

in their abilities. Whether explicit instruction can puncture

learners’ inadequate performance beliefs is a matter to be

investigated. Festinger and Schachter [68] warned that “[a]

man with a conviction is a hard man to change. Tell him you

disagree, and he runs away. Show him facts and figures, and

he questions your sources.”
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