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Abstract

Background: Early identification of grammatical comprehension difficulties is critical
for supporting language and reading development and academic achievement in young
learners. There is a lack of robust whole-class screening tools of grammatical listening
comprehension, particularly in linguistically diverse contexts such as Swedish primary
education.

Objective/Aim: This study aimed to develop and evaluate the psychometric properties
of the LegiLexi GRA-10, a brief classroom screening tool designed to detect students
with challenges in grammatical comprehension among first-year students in Swedish
compulsory school, including monolingual and multilingual students with Swedish as
their first language (L1) and second language (L2) learners of Swedish.

Material and Methods: An initial 16-item version of the test was administered to a
large sample of first-year students (N=8245). Item Response Theory (IRT) analyses
were employed to select the ten best performing items to form the GRA-10. The tool’s
discriminatory power and reliability were evaluated across both L1 and L2 student
populations.

Results: The psychometric evaluation demonstrated that the GRA-10 reliably detects
students with grammatical comprehension challenges, using a cut-off score of eight points
or lower. The tool exhibited strong internal consistency and high discriminatory power
across both L1 and L2 groups. These results indicate that GRA-10 is effective in identifying
students who may benefit from early targeted language support.

Conclusion: The LegiLexi GRA-10 offers a valid, reliable, and efficient method for
classroom-based screening of grammatical comprehension in young Swedish learners.
Its strong psychometric properties across diverse language backgrounds support its use
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as an early identification tool, facilitating timely and targeted educational support. The
GRA-10 represents a valuable addition to the resources available for promoting language
development and academic success in the early years of schooling.

Keywords: grammatical comprehension; test development; early literacy screening

Abstract

Bakgrund: Tidig identifiering av svédrigheter med grammatisk forstaelse ar viktigt for
att stodja sprak- och lasutveckling samt skolframgang tidigt i grundskolan. Det saknas
robusta verktyg for helklass-screening av grammatisk forstdelse, inte minst i sprakligt
heterogena sammanhang som svensk grundskola.

Syfte: Denna studie syftade till att utveckla och utvirdera de psykometriska egenskaperna
hos LegilLexi GRA-10, ett kort screeningverktyg som anvédnds i helklass. GRA-10 ér
utformat for att identifiera elever med utmaningar i grammatisk forstaelse i svensk
grundskolas forsta ar, bdde hos ensprékiga och flersprakiga elever som foljer kursplanen
for svenska (L1) och elever som f6ljer kursplanen for svenska som andrasprak (L2).
Material och Metod: En ursprunglig version av testet med 16 uppgifter administrerades till
ett stort urval av elever i forskoleklass (N=8245). Item Response Theory (IRT)-analyser
anvindes for att vdlja ut de tio bést presterande uppgifterna till GRA-10. Verktygets
diskriminerande forméga och tillforlitlighet utvarderades for bade L1- och L2-elever.
Resultat: Den psykometriska utvdrderingen visade att GRA-10 pa ett tillforlitligt satt
identifierar elever med svédrigheter i grammatisk forstaelse, med resultat pa atta poang
eller ligre. Verktyget uppvisade stark intern konsistens och hog diskriminerande forméga i
bade L1- och L2-grupperna. Resultaten indikerar att GRA-10 ér effektivt for att identifiera
elever som kan ha nytta av tidiga och riktade stodinsatser for sprak.

Slutsats: LegiLexi GRA-10 erbjuder en tillforlitlig och effektiv metod f6r klassrumsbaserad
screening av grammatisk forstielse hos svenska elever i grundskolans forsta ar. De
starka psykometriska egenskaperna over elever med olika sprakbakgrunder stoder dess
anvindning som ett verktyg for tidig identifiering, vilket mojliggor tidig och riktad
pedagogisk support. GRA-10 utgér ett vardefullt tillskott till de resurser som finns for att
framja sprak- och lasutveckling samt skolframgang i de tidiga skolaren.

Keywords: grammatisk forstaelse; testutveckling; tidig screening av lasforméga

Introduction

Many children and adolescents in the Organisation for Economic Cooperation and
Development (OECD, 2023: PISA 2022 Results) have language and literacy chal-
lenges, which may affect academic achievement and carry personal and societal costs
(Cronin et al., 2020). In Sweden, as in many other countries, this negative trend is
already seen in elementary schools: In Spring 2023, 27% of all students who follow
the curriculum for Swedish as an L1 failed one or more of the eight subtests in the
national assessments of reading and writing in grade 3, and this number increases to
almost 61% of students who follow the curriculum for Swedish as an L2 (Statistics
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Sweden, 2024a). To provide early and targeted intervention, it is central to detect stu-
dents at risk for reading difficulties in the first years of school and give appropriate
support. Researchers have called for universal screening for language and literacy
skills, preferably in a response-to-intervention (RTI) framework, where early detec-
tion and intervention is in focus, not diagnosis (e.g. Adlof and Hogan, 2019; Ebbels
et al., 2021; Hulme et al., 2024). Studies are showing that early oral language difficul-
ties are not discovered to the same extent as early written language difficulties, with
one reason being that oral language skills are not always being screened as systemat-
ically as decoding skills (Adlof and Hogan, 2019). Bao et al. (2024) did a systematic
review of published screening tools to identify students with developmental language
disorder (DLD), a neurodevelopmental condition characterised by difficulties in
learning, using, and understanding one’s native language(s) despite adequate lan-
guage exposure (Bishop et al., 2016). They found 13 commercially available English
DLD screeners suitable for young school-age children (5 years old and above). None
of the tests was for screening by a teacher in a group/class setting, which the authors
mean likely limits universal implementation of systematic classroom screening.

In Sweden, the non-profit LegiLexi foundation (www.legilexi.org) offers a free
digital whole-class screening tool to screen both oral language and literacy skills and
monitor student progress for grades 0-3 (since Fall 2017) and grades 4-6 (since Fall
2024). The tool has been created in collaboration with a group of independent volun-
teer researchers in language, literacy, and pedagogy from several universities around
Sweden and has been continuously improved through analyses of de-identified stu-
dent data (e.g., by beta-testing new items, and omitting poorly performing items). The
tool has a starting point in the reading model: The Simple View of Reading (Hoover
and Gough, 1990; Nordstrom et al., 2025), which states that reading comprehension is
the product of word recognition and language (listening) comprehension, with both
components affected by and associated with many underlying cognitive skills (Hoover
and Tunmer, 2022). Thus, the tool includes subtests for reading comprehension, word
recognition, word recognition-related skills (knowledge of grapheme-phoneme con-
nections and phonemic awareness) and language comprehension. Initially, subtests
for language comprehension only included one subtest targeting receptive vocabulary
and one subtest targeting listening comprehension for grades 0-3. In Fall 2022, a third
language comprehension subtest was added to the tool following an initiative of one
researcher in the researcher group (Anna Eva Hallin, the last author of this paper).
This subtest, called LegiLexi GRA (Sw: GRAmmatisk sprakforstdelse [GRAmmatical
langauge comprehension]), screens grammatical comprehension in Swedish grade 0
(Sw: forskoleklass). Most children begin this grade in August of the calendar year they
turn 6 years old. With the increasing popularity and widespread use of the LegiLexi
screening tool (more than 37,000 Swedish teachers are active users as on March 1st,
2025 according to the foundation), and a new statistician in the volunteer researcher
group (André Kalmendal the first author of this paper), the group decided to assess
the measurement validity of all LegiLexi subtests using the Item Response Theory
(IRT). If warranted, they aimed to improve the test item structure based on the results
and publish the findings to make this information publicly available for this widely
used screening tool.

Recently, Hulme et al. (2024) conducted a similar evaluation of a British app-
based language screening tool called LanguageScreen, designed for children
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aged 3-9 years. LanguageScreen is administered individually by the children’s
teachers or teachers’ assistants, and using data from more than 8,000 schools and
almost 3,49,000 students, the researchers fitted the data to a Rasch model to inves-
tigate the tool’s psychometric properties. They concluded that the test’s total score
was sufficient to estimate a child’s language ability. Similar to Hulme et al. (2024), we
aimed to leverage large datasets generated by widely used digital tools to calculate
the psychometric properties of language and literacy screening tests.

This is the first paper in a planned series of such publications investigating the
screening tool provided by the Legilexi foundation, focusing on the development
and the measurement validity of LegiLexi GRA.

Grammatical (or syntactic) comprehension is one of the oral linguistic skills
that support reading comprehension through language comprehension (Hoover
and Tunmer, 2022), and research confirms that children with difficulties with
grammatical comprehension perform lower on reading comprehension tasks (e.g.
Poulsen et al., 2022). Challenges with grammatical or wider language comprehen-
sion, regardless of the underlying cause, are difficult to detect by both teachers and
parents, unless structured screening is implemented (Adlof et al., 2017; Hendricks
et al., 2019). One group of students having difficulties with grammatical compre-
hension had DLD, affecting 7-10% of all students (Norbury et al., 2016). Another
group that is at risk for grammatical comprehension difficulties and might need
extra classroom support are the students who are second language (L2) learners of
the language of instruction. In Sweden, L2-learners of Swedish form a considerable
minority of 13.9% of the student body in primary schools (Statistics Sweden, 2024b).

There are different ways to operationalise and test grammatical comprehension,
where some test designs arguably also tap into vocabulary knowledge, fluid rea-
soning, linguistic awareness, and in some cases expressive abilities (Nielsen et al.,
2024). Clinically, the most used standardised norm-referenced test for grammatical
comprehension in Sweden is the Test for Reception of Grammar, version 2 (TROG-2;
Bishop and Garsell, 2009), an 80-item test where the student listens to one sentence
at a time and chooses one picture out of four as their response. The picture alterna-
tives are designed so that the listener needs to understand the syntactic relationship
between the words (e.g. subject and object) to choose the correct picture. Hendricks
et al. (2019) used a subset of 16 items from the English version of TROG-2 to deve-
lop a classroom screening for grammatical comprehension in US grades 1 and 2,
reporting an overall sensitivity of 76% and a 25% false positive rate for DLD in a
study in their sample of 97 children, and concluded that this measure had a promise
in detecting children with language comprehension difficulties due to DLD.

The initial development of LegiLexi GRA

Encouraged by the results from Hendricks et al. (2019), and knowing that lan-
guage comprehension difficulties often go undetected in the early school years, the
LegiLexi foundation decided to support the development of LegiLexi GRA, with an
item structure modelled after TROG-2 and having 16 items similar to Hendricks
et al. (2019) in the first version. The development was initiated and led by Anna
Eva Hallin, the last author of this paper, a speech-language pathologist (SLP), and
a researcher in language and literacy development and disorders, who also created
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the items. The LegiLexi foundation recorded the sound for all items, provided an
illustrator, and had developers incorporate GRA in the online Legilexi test plat-
form. In addition, the LegiLexi foundation provided anonymised data from pilot
and beta-testing, and assisted with data analysis and visualisation during the first
phases of GRA development.

Like most other LegiLexi subtests, GRA is administered by a teacher in a group/
classroom setting, with each child doing the self-paced test on a computer or tablet.
The recorded items are presented once in headphones and the child makes their
response choice on the screen. In contrast to other subtests in LegiLexi’s tool, GRA
was not designed to track development over time, but rather to detect grammatical
difficulties in 5- to 7-year olds. Thus, the test was designed so that most students in
the first year of Swedish compulsory school would find the test relatively easy and
ceiling effects were expected, which are similar to the planned ceiling effects in a
whole-class language screening task, including vocabulary, grammar, and higher-
level language comprehension (e.g. inferences) used in Adlof et al. (2017).

Initially, 24 items were created. The starting point was syntactic structures
that Swedish primary school children should master (based on TROG-2 norma-
tive data and knowledge about typical language development in Swedish), and
those that Swedish-speaking children with DLD may have in particular difficulties
(Reuterskiold et al., 2021). All 24 sentences contained only high-frequency concrete
nouns and verbs that would be known by Swedish primary school children. The
author also specified three foils for each item to make sure that the child had to rely
on grammatical comprehension to choose the right picture. For an item example,
including the foils, see Appendix A. For the first pilot test (October 2021-January
2022) to arrive at a 16-item test, the 24 items were divided into two 12-item tests and
piloted on 994 L1 and 114 L2 students in grades 0-1 (5- to 7-year olds), with the
help of volunteer teachers among LegiLexi users. In addition, a pre-vocabulary test
was added to ensure that L2 learners would not get low results at GRA due to low
vocabulary knowledge only. Based on the response patterns of those students and
surface characteristics of the items, a 16-item test was created: GRA-16 (for all items
with translations; see Appendices A and C). To investigate whether GRA-16 explai-
ned variance in LegiLexi listening comprehension above and beyond LegiLexi voca-
bulary scores, data from 2,465 students in grades 0-3 (2,050 L1 students and 415
L2 students, 5-9 years old) were analysed in a degree project (Kaya, 2022). GRA-16
scores explained around 7% unique variance in listening comprehension for both
L1 and L2 students in models, including age, vocabulary, and GRA-16 scores, results
similar to a recent study that found that the Danish version of TROG-2 explained
8% variance in reading comprehension in 4th graders after decoding, vocabulary,
and fluid reasoning were included in a regression model (Nielsen et al., 2024).

In the second half of 2023, the Legilexi foundation decided to decrease the
number of items in GRA from 16 to 10. This decision was based on feedback from
their teacher users, with the explicit end goal to decrease the total test time for the
full LegiLexi tool. The selection of the 10 items for GRA-10 was again based on
surface characteristics and the responses of students in grades 0 and 1 who had
participated in voluntary beta-testing. The aim was to keep good performing items
based on participant responses, but no advanced statistical methods were used. All
items included in the first version of GRA-10 and their translations are presented
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in Appendix A. The pre-vocabulary test was limited to five items, and students had
to have three vocabulary items correct to proceed to do GRA-10. To investigate the
external validity of this first version of GRA-10, another degree project compared
the results of GRA-10 and TROG-2 in a sample of 87 students in grade 0 (Al Emara,
2024). Correlation between TROG-2 (block score) and GRA was moderate to good
for the whole sample (rho = 0.66), and moderate when split into the L1 group (rho =
0.56, n = 60) and the L2 group (rho = 0.53, n = 27). In addition, Al Emara (2024)
found that GRA-10 reliably detected L1 students with grammatical comprehension
difficulties according to TROG-2: only 3% of L1-students had a GRA-10 score of 9
or higher while identified as having grammatical difficulties by TROG-2, defined as
a standard score of 80 or below (i.e. false negatives). In addition, only 8% of all stu-
dents were false positives, with a score of 8 or lower on GRA-10 but a standard score
above 80 on TROG-2 (9% of L1 students and 6% of L2 students). The conclusion
was that GRA-10 had an acceptable external validity, especially for L1 students, and
that a cut-off score of 8 or lower indicating grammatical difficulties in L1 students
was reasonable. Al Emara (2024) suggested that an item analysis through statistical
methods would complement her results to further develop GRA-10, especially for
L2 students, because the data set used in her study was small, and TROG-2 was
a less suitable test for this group due to TROG-2 stop criteria and the normative
sample. In a follow-up conference presentation, Hallin et al. (2024) used a subset of
the data from Al Emara (2024) to investigate the external validity of the new GRA-
10, whose development and statistical properties are described in the present paper,
and showed an improvement in both correlation with TROG-2 block scores and
classification accuracy of students with and without grammatical difficulties: these
results are further outlined in the Discussion section.

To summarise, GRA-16 was first developed based on knowledge of grammatical
development in Swedish children with and without DLD and results from initial pilot
data testing, and the subsequent GRA-10 was developed based on user request for a
shorter total screening time, using student beta-test results and surface characteris-
tics and validated against TROG-2 (Al Emara, 2024). Because the selection of items
in the first version of GRA-10 was not statistically driven, the present study aims to
extend the above work and use statistical models to create the best possible version
of GRA-10 based on beta-test results from GRA-16. The IRT framework (Hambelton
and Jones, 1993) is used to examine the psychometrics of all possible 10-item com-
binations derived from GRA-16 to find the best 10-item set for GRA-10. The IRT
is a general statistical theory about how performance relates to the abilities that are
measured based on the included examinee item and test performance. The statistics
generated by the IRT framework share many similarities with factor analysis and are
transformed into factor intercepts and loadings and vice versa (Zhang et al., 2023).

Aims

As previously stated, this study is an effort by independent volunteer researchers
collaborating with the LegiLexi foundation to assess and, if possible, increase the
measurement validity of LegiLexi GRA-10 to provide an efficient and reliable tool
to support the identification of grammatical comprehension challenges in Swedish
students in grade 0 (5- to 7-year olds).
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Specifically, we:
1. Select the optimal 10 items that maximise the tool’s precision in identifying stu-
dents with or without risk of grammatical comprehension difficulties.
2. Evaluate the psychometric properties of the new 10-item test, such as reliability,
validity, and test measurement accuracy.
3. Examine differences in item performance for students following Swedish as a
first (L1) or second language (L2) curriculum.

Method

The GRA-16 results were provided by the Legilexi foundation to the first author
(André Kalmendal), where all identifying personal information was omitted. The data
consisted of results from 8,245 Swedish students in grade 0 from 356 different schools
across Sweden, collected during January-June 2023. The majority (88%) were mono-
and multilingual students enrolled in the regular Swedish curriculum for students
with Swedish as a first language (L1). The remaining 12% were enrolled in the curric-
ulum for Swedish as a second language (L2). Because the data is anonymised and the
LegiLexi tool does not require teachers to give the date of birth of their students, the
exact ages of the students are unknown, but almost all students in Sweden start grade
0 in August, the year they turn 6 years old. This means that the ages of the students in
our sample should vary between 6 years, 0 months and 7 years, 5 months, depending
on their date of birth and when in the semester they participated in GRA testing.

Procedure

GRA-16 consisted of 16 multiple-choice items (see description in the Introduction).
For each item, four pictures were presented accompanied by a corresponding spoken
sentence (see Appendices A and C). GRA-16 was administered in a classroom setting
by teachers or special educators aided by instructions provided by LegiLexi. Each stu-
dent completed the test individually using a computer/tablet with headphones. The test
begins with a five-item practice vocabulary set, where one spoken everyday word is pre-
sented at a time along with four pictures, and the student has to make the correct choice.
To proceed to the grammatical comprehension items, students must answer three out of
five vocabulary items correctly. Students could listen to the vocabulary items an unlim-
ited number of times to familiarise themselves with the test structure and response
format; however, they could only listen to each sentence in GRA-16 once before making
a choice. Because GRA-16 items consist of grammatical structures that should be mas-
tered in the target age group, allowing the students to listen more than once would
increase the risk of missing students with grammatical comprehension challenges.

Ethical considerations

According to Swedish law (2003:460), ethical approval is needed for research that
involves physical intervention as well as biological, genetic, biometric, or sensitive
personal data. Because LegiLexi data is collected by the students’ ordinary teachers
to aid teaching, does not contain any sensitive personal information, and cannot be
connected to any individual student, no ethical approval was sought for this study.
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A statement from the Swedish Ethical Review Authority has confirmed that studies
including only de-identified LegiLexi data do not need additional ethical approval.

Data Analysis

The data was modelled using a 3PL model (three-parameter logistical model) within
the IRT framework, using the R package mirt (Chalmers, 2012). The 3PL model
allowed us to estimate three key parameters: item difficulty, discrimination, and the
guessing parameter.

The 3PL model, in comparison to the more commonly used Rasch (1960) model
(Debelak et al., 2022), allows more variables free to vary. For example, the Rasch
model assumes the slope to be fixed and treats all items as discriminant, while the
3PL model allows each item to have a unique discrimination parameter. Another
strength of the 3PL model is that the intercept on the probability axis is free to vary,
while under the Rasch model, it is fixed. This allows the model to calculate a guessing
parameter (P(0)) for each item. Students tend to guess on items they do not know
and the model calculates a probability for that guessing to occur; this is especially
important in the subgroup analysis where we want to examine whether there are any
differences between L1 and L2 students, because the varying linguistic knowledge in
the L2 group might increase the use of guessing as a strategy.

In Appendix B, the statistical calculations for the Rasch- and the 3PL-model are
available as well as a comparison between the two models. In Appendix C, item diffi-
culty and Cronbach’s alpha for GRA-16 are available. All codes and data presented in
this paper are available on OSF: https://osf.io/8zt3f/

Results

All items from GRA-16 were modelled and examined through IRT framework (see
Appendix C). Ten items were selected based on the best item statistics to create a
new GRA-10. The selection of items was based upon Cronbach’s alpha values in
combination with the correlation between an item score and the sum of the rest of
the test items index (RIR); the RIR is used due to the use of binary data (Martinkova
and Hladka, 2023). Items that had a small or no contribution to the internal con-
sistency in combination with the lowest RIR value were removed. Compared to the
first version of GRA-10, which was developed based on student responses and sur-
face characteristics, three items were exchanged based on the results from IRT (see
Appendix A for all items included in GRA-16 and items in the previous and new
GRA-10). Thus, all students in the dataset used for analyses participated in GRA-16,
but the psychometric data presented here is for the new GRA-10, which has been
used in LegiLexi’s digital tool since Fall 2024.

Descriptives

In Table 1, descriptives of the new GRA-10 are presented. As expected, the mean
score of L2 students is lower than for L1 students, and the standard deviation
is also larger. In educational research, Cronbach’s alpha value of 0.75 is gener-
ally considered to indicate good internal consistency (Taber, 2018) for a set of
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Table 1. Descriptives of GRA-10 (min = 0, max = 10).

Sample n Mean SD Cronbach’s alpha

Allstudents 8,245 866 - 1 S
L1 students 7,254 8.84 172 .
L2 students 991 733 219 N

L1 = Swedish curriculum; L2 = Swedish as second language curriculum.

10 items measuring a single construct, such as grammatical comprehension. As
shown in Table 1, the alpha value is slightly higher for L1 students, compared to
L2 students.

Item descriptives

In Tables 2 and 3, item difficulty, using classical test theory (CTT), for the whole
sample and L1 and L2 students are presented, respectively, the higher the score, the
higher the proportion of right answers. The easiest item was “Hunden sover men
inte katten” (The dog is sleeping but not the cat) and the hardest item was “Kaninen
i ladan ar vit” (The rabbit in the box is white). All items were more difficult for L2
students, and there were some slight differences between L1 and L2 students in the
level of difficulty with minor deviations in the order of items between the hardest
and the easiest item (Table 3). The L2 group had a slightly higher standard deviation
on each item, compared to the L1 group, which is to be expected because there is a
higher variance in performance among the L2 students.

IRT Model
Assumptions

Local dependence was tested with Yens Q3 test with a threshold of 0.2
(Christensen et al., 2017) and no item revealed any sign of dependency. To examine

Table 2. Item difficulty (CTT) with mean and standard deviation listed from the easiest to the
hardest item.

Item (for translations, see Appendix A) Difficulty SD

nden sover men inte katten 0.937 0.243

0.933 0.250
0.930 0.25
0.910 0.287
0.890 0312
0.856 0351
0.839 0.367
0.798 0.402
0.795 0.404
02. Kaninen i ladan &r vit 0.768 0422
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Table 3. Item difficulty (CTT) for L1 and L2 students separately.

L1 Students L2 Students

Item (for translations, see Appendix A) Difficulty SD Difficulty SD

05. Hunden sover men inte katten

09. Flickan springer men pekar inte

06. Blomman ar gul men inte stor

08. Pojken blir jagad av hunden

15. Hunden som har mork pals bar kaninen 0.912 0.283 0.733 0.443

10. Boken som ar stor ligger pa blomman. 0.880 0.324 0.680 0.467

11. Kaninen sitter bakom katten

03. Flickén ser kaninen hoppa

13. Flickan ska ge hunden mat H

02. Kaninen i ladan ar vit

L1 = Swedish curriculum; L2 = Swedish as second language curriculum.

unidimensionality, an exploratory factor analysis was conducted. The data was cal-
culated with tetrachoric correlation. Both models used the minimal residual method
and the two-factor model, an oblimin rotation was selected. The one-factor model
explained 49% of the proportion variance, RMSR = 0.03, TLI = 0.959, and RMSEA =
0.065 (90% CI [0.062, 0.068]). The two-factor model explained 52% of the variance,
first factor 49% and the second factor 3%, RMSR = 0.01, TLI = 0.989, and RMSEA =
0.033 (90% CI [0.030, 0.037]). Due to a large sample size (n = 8,245), the Chi square
statistic was not interpreted because a large sample size generates a significant result.
According to Navarro and Foxcroft (2025), both models have a good fit TLI > 0.95
and satisfactory RMSEA for the one-factor model (< 0.08) and a good fit for the
two-factor model (< 0.05). The results point to a strong case for unidimensionality.
The small increase in explained variance with the two-factor model and the robust
fit of the one-factor model suggest that the simpler one-factor solution provides a
satisfactory representation of the data. Therefore, it is reasonable to conclude that
the data is best described by a unidimensional structure based on the given analysis
and fit statistics.

3PL Model

The 3PL model describes the data well; M2(25) = 43.32, p = .013, RMSEA = 0.001
(90% CI = [0.004, 0.014]), CFI = 0.999, TLI = 0.998, and SRMSR = 0.029. According
to Martinkova and Hladka (2023), a RMSEA value of less than 0.05 indicates a close
fit, while CFI and TLI values of above 0.95 suggest a good fit. The 3PL model meets
all these fit criteria, demonstrating a sufficiently good representation of the data.

As shown in Figure 1, all items effectively differentiate between students with and
without grammatical comprehension difficulties. In the full model, the item slopes
are positioned to the left of 0, which represents the mean ability level of the sample,
further confirming that most items are relatively easy. Additionally, the guessing
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Figure 1. ICC of LegilLexi GRA 10-item test (N = 8,245).
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parameter P(O) is close to zero, indicating that the likelihood of answering correctly
by chance is minimal.

Items with a low P(©) tend to offer better discrimination between ability levels, as
they are less influenced by random guessing, an important factor, especially for mul-
tiple-choice items. Furthermore, a steeper slope on the Item Characteristic Curve
(ICC) indicates that the item effectively distinguishes between students with lower
and higher grammatical comprehension, reinforcing the test’s ability to assess var-
ying proficiency levels accurately.

Test accuracy

As described in the Introduction, LegiLexi GRA was designed to be a test that
most students in grade 0 find easy (with the youngest students being 5 years and
9 months old at start), and the item descriptives presented above are in line with
that. The Person-item map based on the 3PL model in Figure 2 further confirms
this: all items are located below 0 on the difficulty parameter and the majority of
the respondents are located close to or above 0. In general test development, this is
usually not desired because the test might end up with a ceiling effect for students
performing at or above average. We argue that this is not a psychometric issue in this
test because the purpose of the test is to find low-performing students at risk and not
to assess students’ performance if they already acquired an average, age-adequate, or
above-average level of grammatical comprehension. Instead, what this test achieves
is very high accuracy in detecting children with grammatical comprehension diffi-
culties. As we can see in Figure 3, most information and the lowest standard errors
are derived from students performing below average. This increases the validity of
Legilexi GRA as a good screening tool for grammatical comprehension difficulties.
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Figure 2. Person-item map.02. Kaninen i lddan dr vit, 03. Flickan ser kaninen hoppa, 05. Hunden
sover men inte katten, 06. Blomman dr gul men inte stor, 08. Pojken blir jagad av hunden, 09.
Flickan springer men pekar inte, 10. Boken som dr stor ligger pd blomman, 11. Kaninen sitter
bakom katten, 13. Flickan ska ge hunden mat, 15. Hunden som har mérk padls bdr kaninen.
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Fit diagnosis

The infit and outfit mean-square statistics are the Chi-square statistics divided by
its degrees of freedom; this means that its expected value is close to 1. A common
interpretation is that mean-square values between 0.5 and 1.5 are considered pro-
ductive for measurement and values close to 1.0 indicate little or no distortion in
the measurement (Wright et al., 1994). GRA-10 infit and outfit values are within
the accepted range, as shown in Figure 4. The outfit statistics show more variation
in comparison to the infit value; this might depend on a large sample size (Miiller,
2020) or that the study uses a 3PL model instead of a Rasch model. In general, letting
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Figure 4. Infit and outfit statistics.

Item infit and outfit statistics

infit outfit

15. Hunden som har mork pals bar kaninen . a

13. Flickan ska ge hunden mat F's Y

11. Kaninen sitter bakom katten + &

10. Boken som ar ligger pa blomman & 4
09. Flickan springer men pekar inte & 4

08. Pojken blir jagad av hunden A A

06. Blomman ar gul men inte stor & &
05. Blomman sover men inte katten A 4

03. Flicken ser kaninen hoppa s rs

02. Kaninen i ladan ar vit & -

05 1015 0.5 1015

Note: Items with values within 0.5 and 1.5 are considered to be productive for measurement.

more variables vary in the model increases the risk for overfitting; however, the
results show that this is not a concern.

Subgroup-analysis

To examine whether the model detects any differences between L1 and L2 students,
the 3PL model was used with curriculum as a category. As we see in Figure 5, for
L1 students (blue line), all items discriminate well between students with/without
grammatical comprehension difficulties. The yellow line represents L2 students and
on four questions (02, 03, 08, and 13), the probability (P(©)) for a correct answer
is higher in comparison to the L1 students, which means that L2 students guess on
these four questions to a higher degree. In addition, the slope is not as steep for L2
as for L1 students, indicating that the test is slightly better at distinguishing between
students with/without grammatical comprehension difficulties in the L1 group,
compared to the L2 group. Lastly, we can see that the yellow slope is situated more to
the right for all items, which again shows that these items are considered harder for
L2 students in comparison to L1 students.

Discussion

The purpose of the digital test tool from the LegiLexi foundation is the early identi-
fication of students with difficulties in language and literacy to better support them
in the classroom (www.legilexi.org). The subtest GRA was designed to find students
in Swedish grade 0 with grammatical comprehension difficulties. Using the IRT
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Figure 5. Subgroup analysis of L1 (n = 7,254) and L2 students (n = 991). *Blue line = L1, yellow

line = L2.
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framework (Hambleton et al., 1991; Martinkova and Hladk4, 2023) and test scores
from a 16-item version of LegiLexi GRA from more than 8,000 students in Swedish
grade 0 (6-7 years old), we created a 10-item subset with the best possible psycho-
metric qualities (new GRA-10). The 3PL model described the new GRA-10 data
well without overfitting or underfitting the data, and analyses of internal consistency
reached acceptable levels. The analyses further confirmed that the items in GRA-10
are easy for most students in this age group but have a good ability to discriminate
between students with and without grammatical comprehension difficulties in both
L1 and L2 groups.

Oral language comprehension difficulties in primary school-age children often go
undetected (Adlof and Hogan, 2019), even though it is an important language skill
that supports reading comprehension (Hoover and Tunmer, 2022). Most existing
published screeners of oral language skills are individually administered (Bao et al,
2024). LegiLexi GRA-10, a widely used whole-class screener in Swedish, could thus
serve an important role in enabling early detection of students with grammatical
comprehension difficulties to be able to give them the right support in the classroom.
Previous studies, including whole-class screening of language comprehension, have
had a different focus than GRA: identifying children who meet criteria for DLD
(Adlof et al., 2017; Hendricks et al., 2019). Similar to the British LanguageScreen
evaluated with the Rasch model by Hulme et al. (2024), the purpose of LegiLexi
GRA is to identify students with language difficulties and signal to teachers that they
may need extra support, not to try and predict a binary diagnostic outcome. Thus,
diagnostic classification accuracy has not been investigated for the new GRA-10. As
mentioned in the Introduction, Hallin et al. (2024) compared scores from the new

GRA-10 with TROG-2 block scores in a sample of 55 students in grade 0, using a
subsample of the same students as in Al Emara (2024), which investigated the exter-
nal validity of the first version of GRA-10. Hallin et al. (2024) showed that the new
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GRA-10 showed slightly improved identification of students with/without gram-
matical comprehension difficulties with TROG-2 results as a benchmark, compared
to the first version of GRA-10 (Al Emara, 2024). Using cut-offs for GRA at 8 points
or lower and TROG-2 at a standard score of 80 or lower, only 7.5% of the L1 students
were misclassified as having grammatical difficulties by the new GRA-10 (false posi-
tives, compared to 9% in the previous GRA-10) while the rate of false negatives was
low, and similar to the previous GRA-10 (2.5% vs. 3%). Similar to Al Emara (2024),
Hallin et al. (2024) noted that a subgroup analysis on the small L2 sample (n = 13)
based on TROG-2 standard scores was not suitable.

The IRT-model

We chose the 3PL model for item analyses instead of the more commonly used
Rasch model. A multilevel model is always going to fit the data better than a restraint
model, but we believe that because we have a big data set, the 3PL model can be
justified. To obtain accurate estimations for a 3PL model, a sample size of 1,000
respondents is adequate (Yen, 1987; De Ayala, 2009), which is fulfilled with our L2
sample (992 respondents) and well above with our L1 sample (7,254 respondents).
The 3PL model enabled us to go in-depth with sub-group analyses and investigate
potential differences between L1 and L2 groups. The model revealed that some items
had a higher guessing parameter in the L2 group (see below) but also revealed that
the results for L1 students are very stable. These discrepancies would not have been
detected if we used the more commonly used Rasch model.

Based on the 3PL-model, three items were exchanged in the new GRA-10, com-
pared to the first version of old GRA-10. Surprisingly, two out of three items that
were brought back were excluded in the old GRA-10 due to surface characteristics,
for example preposition knowledge (“the rabbit is behind...” — arguably more voca-
bulary knowledge than grammar knowledge; see discussion in Nielsen et al., 2024),
and future tense (“will feed”). But given the item performance and characteristics,
and the increase in internal consistency from 0.70 for L1 students and 0.66 for L2
students (old version of GRA-10) to 0.74 for L1 students and 0.69 for L2 students
(new GRA-10), we are fairly confident that items in the new GRA-10 do measure the
same latent construct. In the study done by Nielsen et al. (2024), including Danish
speaking 10-year olds, TROG-2 scores did not correlate more strongly with vocabu-
lary scores than a sentence repetition task and a “whodunnit” task, where the child
had to identify the agent of the sentence with two alternatives. This went against the
researchers’ expectations because TROG-2 included items where knowledge of, for
example, prepositions was tested. It is worth noting here that it is impossible to com-
pletely isolate grammatical comprehension skills from other linguistic skills (e.g.
vocabulary) and non-linguistic skills (e.g. fluid reasoning and executive functioning
needed to aid picture selection; Nielsen et al., 2024). Similarly to many other gram-
matical comprehension tasks, the included nouns and verbs in GRA are chosen to
be well known by children at an early age, and the inclusion of a pre-vocabulary test
where all students have to answer at least 3 out of 5 questions correctly ensures that
students who do not have these basic vocabulary skills do not proceed with GRA-10,
because the results would be difficult to interpret.
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Subgroup analysis

A considerable number of students in Swedish schools have Swedish as their L2, and
in 2023-2024, 13.9% followed the curriculum for Swedish as a second language, sim-
ilar to the proportion of 12% in the sample analysed in this study (Statistics Sweden
2024b). Even more students in Swedish schools are multilingual, with Swedish as
one of their first languages: 28.9% of students in compulsory school in Sweden are
entitled to lessons in a native language other than Swedish (Statistics Sweden 2024b).
In the present study, multilingual students with Swedish as an L1 are included in the
L1 sample because the only information we have about the students included in
the dataset is which curriculum for Swedish they follow. The psychometric data of
GRA-10 for monolingual and multilingual students with Swedish as an L1 showed
good internal consistency and all items performed well in discriminating between
students with/without grammatical comprehension difficulties. Furthermore, all
test items were easy for the group taken as a whole. The picture was slightly different
for L2 students, which can be expected because students in primary school who
follow Swedish as a L2 curriculum form a very heterogeneous group, from those
who have recently arrived in Sweden to those who have lived in Sweden for some
years, but have not had regular or enough exposure to Swedish to be fully profi-
cient. Our subgroup analyses showed that on four of the ten items, the L2 students
had a higher probability of answering correctly while guessing than the L1 students.
A higher guessing parameter could be due to less effective distractors (too easily
neglected alternatives) or correct answers that are more intuitive. Because the guess-
ing parameter P(0) did not show any signs of variance in the full model, we argue
that heterogeneity in language knowledge in the L2 student group is the reason.
This can also explain why the L2 students had higher standard deviations on the
discrimination parameter, and slightly lower Cronbach’s alpha than the L1 group.
Importantly, because students need to answer nine out of ten items correctly to pass
the GRA-10 screening, guessing correctly on four items won’t result in a pass on the
whole screening task, and we conclude that GRA-10 effectively finds students with
grammatical comprehension difficulties in both L1 and L2 groups despite slight dif-
ferences in the guessing parameter values.

Practical implications

Our results show that the majority of young children in the second semester of Swedish
compulsory school can accurately and independently complete a 10-item grammati-
cal listening comprehension task in the classroom setting with a forced-picture-choice
response, with each sentence presented only once, when they have the linguistic
knowledge to choose the correct answer. There are, of course, students who get a score
of 8 or lower (the cut-off) due to other intrinsic or extrinsic factors than language dif-
ficulties, for example, concentration, a less-than-optimal test environment, forgetting
instructions, tiredness, or accidental error responses, but the fact that most students
do score 9 or 10 points on GRA-10, and the external validation using TROG-2 (Hallin
et al., 2024) does not indicate that this occurs to a large extent. The brief duration
of the task (five practice vocabulary items and 10 test items) together with the dig-
ital and focused presentation also mitigates some of these risks. Importantly, a low
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result on the new GRA-10 cannot (and should not) be interpreted as an indication
of a disability, but rather as an indication of grammatical comprehension difficulties
that warrants further investigation (similar to Hulme et al. 2024). Thus, students who
do not reach 9-10 points on GRA-10 need to be followed up by their teacher/special
education teacher or school SLP and be given appropriate support, especially if they
also score low on other LegiLexi language comprehension subtests (vocabulary and
listening comprehension). In addition, a passing result on GRA-10 (a score of 9 or 10)
should be interpreted as an age-adequate ability in grammatical comprehension for
grade 0 students, but this does not say anything about how good the student’s gram-
matical comprehension is compared to their peers, which is important to remem-
ber when using the test. If GRA-10 is used for older students, it is also important to
remember that the test has been created and validated for students in the first year of
Swedish compulsory school (5- to 7-year olds), which means that an older student
who scores 9-10 points on GRA-10 still can have difficulties in comprehending more
complex syntactic structures not included in this task.

Conclusion

We conclude that the IRT-modeling and analyses of internal consistency described
in the present study, together with the results from Hallin ef al. (2024), strongly indi-
cate that the new LegiLexi GRA-10 work well to identify students with grammatical
comprehension difficulties in the first year of Swedish compulsory school, both for
those who follow the Swedish curriculum and for those who follow the curriculum
for Swedish as a second language. Because most published oral language screeners
are administered individually (Bao et al., 2024), it is promising that a group-admin-
istered measure achieves this, and an important step to better detect students with
early oral language difficulties to give them appropriate support.
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Appendix A

Items in GRA-16, old version of GRA-10, and new GRA-10, and an
item example

Below are all sentences included in GRA-16 with translations. Items included in
the new GRA-10 are in bold font, and bold and underlined items (n = 3) were not
included in the previous version of GRA-10. Italicised items (n = 3) were included
in the old GRA-10. GRA-10 structures marked with an asterisk overlaps with struc-
tures found in Swedish TROG-2 (item #9 is identical to an item in Swedish TROG-2;

Bishop and Garsell, 2009).

01. Flickan far smaka pa hans glass

The girl is tasting his ice cream

*02. Kaninen i ladan ar vit

The rabbit in the box is white

03. Flickan ser kaninen hoppa

The girl sees the jumping rabbit

04. Hdr dr pojken som inte kldttrar.

Here is the boy that doesn’t climb

*05. Hunden sover men inte katten

The dog sleeps but not the cat

*06. Blomman ar gul men inte stor

The flower is yellow but not big

07. Katten jagar hunden och hoppar

The cat chases the dog and jumps

*08. Pojken blir jagad av hunden

The boy is chased by the dog

*09. Flickan springer men pekar inte

The girl runs but does not point

*10. Boken som ar stor ligger pa blomman.

The book that is big is on the flower

11. Kaninen sitter bakom katten

The rabbit sits behind the cat

12. Pojkens paket ar litet

The boy’s gift is small

13. Flickan ska ge hunden mat

The girl will feed the dog

14. Hunden som lyfter kaninen ar stor

The dog lifting the rabbit is big

*15. Hunden som har mork pdls bar kaninen The dog which has dark fur carries the rabbit

16. Katten jagar hunden som hoppar

The cat chases the dog which jumps

Example of the picture choices for sentence #2 “The rabbit in the box is white

© LegiLexi, 2024.

>»

Valj den bild som passar bast ihop med meningen
“Kanienen i ladan ar vit.”
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Appendix B
Statistical equations
The Rasch model (Rasch, 1960; Debelak et al., 2022)
exp(6, - )

Pr(U_.=1|60_,8)= .
o = = o6, - )

U =1 - means a correct response.
0 is the person’s ability.
p shifts the curve horizontally (difficulty).

The three-parameter logistic (3PL) model (Birnbaum, 1968)

expie; '(Hp =B}
1+expio; -(Hp -5}

Pr(Upi =1|9p>ai’ﬁi’7i)=7i +(1-7)=

U =1 - means a correct response.

0 is the person’s ability.

a controls the slope of the curve (discrimination).
p shifts the curve horizontally (difficulty).

y is the lower asymptote (guessing probability).

Model comparison

Model AlC SABIC HQ BIC logLik X2 df P
Rasch 55,197 55,239 55,223 55,274 -27,587
3PL 54,974 55,089 55,046 55,184 -27,457 260 19 0
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Appendix C

Item difficulty (using CTT), standard deviation, and Cronbach’s alpha
if the item is removed for the initial GRA-16

# Item Difficulty SD Alpha

1. Flickan far smaka pa hans glass 0.761
2 Kaninen i ladan &r vit 0.768
3. Flickan ser kaninen hoppa 0.798
4. Har ar pojken som inte klattrar 0.870
5. Hunden sover men inte katten 0.937
6. Blomman ar gul men inte stor 0.933
7. Katten jagar hunden och hoppar 0.762
8. Pojken blir jagad av hunden 0.910
9. Flickan springer men pekar inte 0.930
10. Boken som ar stor ligger pa blomman. 0.856
11. Kaninen sitter bakom katten 0.839
12, Pojkens paket ir litet 0.650
13. Flickan ska ge hunden mat 0.795
14. Hunden som lyfter kaninen ar stor 0.691
15. Hunden som har mork pals bar kaninen 0.890
16. Katten jagar hunden som hoppar 0.412

‘Items in bold font were removed in GRA-10.
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