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Abstract:  

Background: Although several paper-and-pencil and digital online measures have been 

developed to assess basic numeracy skills and identify mathematical learning difficulties in 

children, psychometric evidence of these measures is seldom thoroughly reported and 

published. Establishing the validity and reliability of educational measures is a fundamental 

part of evidence-based practice. 

Objective: This study aimed to examine the test-retest reliability, longitudinal measurement 

invariance, and convergent validity of a new digital online dyscalculia screener, the Functional 

Numeracy Assessment Dyscalculia Battery (FUNA-DB), targeted to 9–16-year-old children. 

Method: The participants were 358 children (165 boys and 193 girls) in grades 3, 5 and 7, who 

participated in the study at two time points. The children's numeracy skills were measured using 

two time-limited tests: the FUNA-DB online screener and a standardized paper-and-pencil 

basic arithmetic test, RMAT. 

Results: Our results showed that the FUNA-DB has a strong test-retest reliability, displays 

measurement invariance over time, and is meaningfully related to a traditional paper-and-pencil 

screening test.  

Conclusion: The psychometric evidence supports using the FUNA-DB to measure school-aged 

children’s number processing and arithmetical fluency across time. 
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Psychometric Evidence for the Functional Numeracy Assessment Dyscalculia Battery (FUNA-

DB Screener): An Online Assessment of Mathematical Learning Difficulties 

Together with number processing skills (Hellstrand et al., 2024; Skagerlund & Träff, 2016), arithmetic 

fluency is a key marker for mathematical learning difficulties (MLD), as it can be seen as a genetically distinct dimen-

sion of mathematics skills yet related to other mathematical performance indicators (Petrill et al., 2012). Although se-

veral paper-and-pencil and online measures have been developed to assess these basic numeracy skills and identify 

MLD in children aged 9–12 years, only limited psychometric evidence of these measures has been published in peer-

reviewed journals (Hakkarainen et al., 2023). Standards for educational measurement encourage researchers to report 

various reliability and validity evidence for measures developed to assess children's mathematical performance to 

secure the trustworthiness of decision-making in educational practice (American Educational Research Association 

[AERA], American Psychological Assessment [APA], and National Council on Measurement in Education [NCME], 

2014). In addition, AERA, APA, and NCME (2014) recommended publishing information about digital measures’ 

specific features or requirements compared to traditional paper-and-pencil measures. For the identification process of 

children with MLD, digital online measures provide a valuable opportunity to analyze the response time, as a slow 

response time indicates nonfluency in basic arithmetic and number processing, which is an indicator of MLD (De 

Smedt et al., 2013). 

Previous studies concerning mathematical measures have mostly reported psychometric evidence related to 

structural validity and internal consistency, content validity , and known group validity (Karagiannakis et al., 2014, 

2017; Li & Yang, 2010), but concurrent and longitudinal evidence related to structure has been seldom reported. Lon-

gitudinal evidence and convergent validity are highly relevant for identifying and predicting mathematical learning 

difficulties (Mazzocco & Räsänen, 2013). 

To further strengthen the existing psychometric evidence of FUNA-DB (Hellstrand et al., 2024; Räsänen et 

al., 2021), this study aimed to examine (1) test-retest reliability, (2) longitudinal measurement invariance (LMI), and 

(3) convergent validity of the FUNA-DB. 

Method 

Samples 

The data were collected with the help of voluntary teachers in the fall semester of 2021 in five comprehen-

sive schools in a middle-sized town in Southern Finland. The teachers received written instructions on administering 

the FUNA-DB and RMAT tests. A total of 358 children (165 boys and 193 girls) from third (n = 93; girls 50.5%), fifth 
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(n = 131; girls 51.9%), and seventh (n = 134; girls 58.2%) grade participated in the study at two measurement points. 

In the Finnish context, children in grades 3–7 are generally 9–14 years old. The inclusion criteria were that the partici-

pants attended general education classrooms and were able to use a computer or tablet to complete tasks indepen-

dently.  There were no explicit exclusion criteria; however, the teacher could opt out of conducting assessments with 

students with severe difficulties (e.g., perceptual or motor challenges). Informed consent was obtained from partici-

pants and their legal guardians. 

Measures 

FUNA-DB 

The FUNA-DB (Räsänen et al., 2021) aims to identify children with MLD from the third to ninth grades (9–

16 years). It runs on an online collaborative learning platform called ViLLE (Laakso et al., 2018), works on all widely 

used internet browsers and operating systems, and can be used on a computer or tablet. The FUNA-DB includes two 

subscales: number processing skills and arithmetic fluency. Number processing skills include two tasks: number com-

parison (NC; 52 items) and digit–dot matching (DM; 42 items). For the analysis, an efficiency index was calculated for 

each task by dividing the median response time of the correct responses by the accuracy scores. The arithmetic fluency 

scale includes four time-limited tasks: number series (NS; 3 min time limit), single-digit addition (ADD; 2 min time 

limit), single-digit subtraction (SUB; 2 min time limit), and calculations (CA; mixed addition/subtraction; 3 min time 

limit). The sum scores of correctly answered tasks were calculated for each task. The internal consistency was good at 

both measurement points for NS (Cronbach’s alpha = .90 for both), ADD (Cronbach’s alpha = .97 for both), SUB 

(Cronbach’s alpha = .97 for both), and CA (Cronbach’s alpha = .94 for both). 

RMAT 

RMAT (Räsänen, 2004) test is a widely used standardized test of basic arithmetic skills in Finland. It is a 

time-limited (10 min) paper-and-pencil test for grades 3–6 to assess fluency in basic arithmetic skills (max 56 pts). The 

internal consistency was good, with a Cronbach’s alpha of .79. According to the test manual, evidence for RMAT’s 

test-retest reliability with a 6-month interval is good (r = .83; Räsänen, 2004). All descriptives and correlations of the 

measures can be found in Table S1 in the electronic supplementary material (Korhonen et al., 2024a). 
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Analytic Approach 

We report how we determined our sample size, all data exclusions (if any), all data inclusion/exclusion crite-

ria, whether inclusion/exclusion criteria were established prior to data analysis, all measures in the study, and all analy-

ses, including all tested models. For correlations, we report exact p values and effect sizes in terms of correlation coef-

ficients. The analyses were carried out using SPSS (version 28) and Mplus (version 8.9) statistical software. General 

guidelines for conducting longitudinal structural equation modelling guided our sample size (Wolf et al., 2013). Mis-

sing values analysis indicated that data were missing completely at random (MCAR), with Little’s MCAR test yielding 

χ2(193,398) = 90,753.58, p = 1.000. Full information maximum likelihood (FIML), which uses all available data, was 

used as the estimator in all the analyses. To date, two large-scale studies (Hellstrand et al., 2024 [N=18,405]; Räsänen 

et al., 2021 [N=4,265]) have been published that support the 2-factor structure of the measure reported in this manu-

script. Hence, proceeding directly with CFA in the main analyses was justified. The LMI of the FUNA-DB over two 

measurement points was tested using confirmatory factor analysis (CFA). Specifically, the configural, metric, and 

scalar invariances were tested over the 2–4-week interval. In LMI, the data are fitted with a series of nested models 

ranging from a model with no invariance constraints to a model in which factor loadings and intercepts are forced to 

equality across the measurement points. In the longitudinal measurement model, the number comparison and digit-dot 

matching tasks were specified as factor indicators for the number processing, and number series, single-digit addition, 

single-digit subtraction, and calculation tasks for the arithmetic fluency factor (see Räsänen et al., 2021) at both mea-

surement points. The corresponding indicator residuals were allowed to correlate over time to account for the method 

effects in the measures. 

We used the chi-square test (χ2), root mean square error of approximation (RMSEA) with a value below .06, 

comparative fit index (CFI), and Tucker–Lewis index (TLI) with values above .95, and the standardized root mean 

square residual (SRMR) with a value below .90 as indicators of a good fitting model. To compare the nested models, 

the change in the CFI and RMSEA was considered: a more parsimonious model would show a change in the CFI 

(ΔCFI) of less than 0.01 or a change in the RMSEA (ΔRMSEA) of less than 0.015 (Chen, 2007). To examine the con-

vergent validity of the FUNA-DB, the number processing skills and arithmetic fluency factors at both measurement 

points were correlated with the sum score of RMAT. 

Results 

Table 1 summarises the LMI results across the two measurement points for the FUNA-DB. Metric invariance 

across time for the FUNA-DB was supported since the model with equal factor loadings fitted the data and the confi-
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gural model (ΔRMSEA < 0.015, ΔCFI < 0.01). Scalar invariance across time was also supported, as constraining fac-

tor loadings and item intercepts to equality across time points did not significantly worsen model fit (ΔRMSEA < 

0.015, ΔCFI < 0.01). Therefore, the results indicate that the FUNA-DB’s two-factor structure holds across time, and 

consequently, developmental changes in the two subskills can be reliably detected using this online screener. The 

FUNA-DB displayed excellent test-retest reliability, as the arithmetic fluency (r = .90) and number processing (r = 

.84) factors had high correlations between time points. Similarly, the test-retest correlations were also high for the indi-

vidual tasks (see Table S1 in Supplementary material). Carry-over effects (i.e., improved performance due to repeated 

testing, reflected in significantly improved mean value at the latent level) were observed in the number processing fac-

tor but not in the arithmetic fluency factor. Convergent validity was supported as both number processing (r = -.69), 

and arithmetic fluency (r = .81) were meaningfully related to RMAT at time point 1. As the time interval between the 

measurement points varied across classes, we reran the final model with a time difference score as a covariate for the 

T2 constructs. Adding the covariate did not have a significant effect on the parameter estimates. We report this additi-

onal analysis in Table S2 in the supplementary material (Korhonen et al., 2024a). 

Discussion 

This study aimed to evaluate the psychometric evidence of a digital online math screener by examining its 

test-retest reliability, longitudinal measurement invariance, and convergent validity. Our results indicate that the 

FUNA-DB’s two-factor structure, number processing and arithmetic fluency, are invariant over time and show strong 

test-retest reliability. In addition, we demonstrated the convergent validity of this measure, as the performance in both 

number processing and arithmetic fluency was in line with the performance in the standardized basic arithmetic test 

RMAT. 

These findings show that number processing and arithmetic fluency can be reliably measured in school-aged 

children. Consequently, developmental changes in these skills can be detected using the FUNA-DB.  In addition, two 

previous studies showed that the FUNA-DB can be used reliably among different groups (e.g., gender and language) 

(Hellstrand et al., 2024; Räsänen et al., 2021). We stress the importance of examining the stability of the structure of a 

measure first and then the test-retest reliability, as Brown (2006) recommended. Even though psychometric evidence 

has been reported related to other digitalized MLD screeners, test-retest and longitudinal invariance have seldom been 

reported, even though their relevance for the identification of learning difficulties (De Smedt et al., 2013; Mazzocco & 

Räsänen, 2013). Similar tasks included in FUNA-DB (e.g., number comparison, digit-dot matching, and fluency mea-

sures) have been used extensively in research on MLD, and our findings support the continuous use of these tasks.  
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To conclude, by confirming the psychometric evidence of FUNA-DB, we can assert that the test is reliable 

and valid, measuring school-aged children’s number processing and arithmetical fluency across time. FUNA-DB 

shows the stability required for measures used to evaluate the effectiveness of educational interventions. Further rese-

arch is needed regarding sensitivity to detect changes in different types of educational interventions. Our results con-

firm that FUNA-DB is a potential screening toolfor clinical and educational practice in identifying children with MLD. 
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