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ARTICLE

Psychometric properties of the Ani Banani Math Test
Dieuwer ten Braak and Ingunn Størksen

Norwegian Centre for Learning Environment and Behavioural Research in Education, 
University of Stavanger, Stavanger, Norway

ABSTRACT
This study assessed the psychometric properties of a digital early mathematics 
assessment, the Ani Banani Math Test (ABMT) in three samples (N1 = 243, N2 = 691, 
N3 = 1282) in kindergarten and first grade (age range 4.67– 7.30). Confirmatory 
factor analyses showed that the ABMT appears to measure one general construct 
of children’s informal mathematics development. MIMIC models showed that all 
items functioned similarly across age, socioeconomic status, and sex, except for 
two items which showed a bias towards boys and one item towards girls. The 
correlations with other mathematics assessments were strong, and significantly 
stronger than with executive function, working memory, and literacy measures, 
indicating concurrent and discriminant validity. The task was highly correlated with 
mathematics achievement five years later, indicating high predictive validity. Taken 
together, the ABMT appears to be a psychometrically valid research measure of 
children’s overall early mathematics skills; however, caution should be taken when 
comparing mean scores for boys and girls.
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Introduction

Early mathematics ability is a strong, if not the strongest, predictor of later 
mathematics (Duncan et al., 2007). This is likely due to its cumulative 
development (Sarama & Clements, 2009) where informal mathematics 
skills provide the basis for the development of formal mathematics 
(Purpura et al., 2013). It is therefore important to adequately assess and 
study these skills early in life. In this short report, we present the psycho-
metric properties of a digital early mathematics assessment that was 
developed for use in kindergarten-aged children in play-based early 
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childhood education and care (ECEC) in Norway; the Ani Banani Math Test 
(ABMT; Størksen & Mosvold, 2013).

The ABMT is founded on research (Clements et al., 2008) as well as 
theoretical and practical recommendations related to early childhood 
mathematics (Magne, 2003; Sarama & Clements, 2009). It was developed 
to reflect three areas of children’s informal maths skills that are central to 
Norwegian ECEC – numeracy, geometry, and problem-solving (Magne, 
2003). These areas are covered in the Norwegian Framework Plan and are 
considered important aspects of informal mathematics (Magne, 2003; 
Ministry of Education and Research, 2011, 2017). Empirically, there is strong 
evidence for the theory that mathematics skills develop cumulatively 
(Sarama & Clements, 2009), with early informal skills laying the foundation 
for the acquisition of later skills (Purpura et al., 2013). Informal numeracy 
skills are traditionally considered those skills that develop before formal 
schooling, through day-to-day situations and play and include numbering 
(e.g., counting), relations (e.g., set comparison), and simple arithmetic 
operations (e.g., addition with objects) (Purpura et al., 2013). Geometry 
(e.g., identifying shapes) is another important area of early mathematics 
(Sarama & Clements, 2009). Some argue that geometry is a gateway to 
certain higher-order mathematical and logical reasoning skills (Tatsuoka 
et al., 2004) and should receive more attention in early education (Clements 
& Sarama, 2011). Finally, problem-solving is a mathematical process inter-
woven with mathematical content and is also considered an important 
aspect of early childhood mathematics (Clements et al., 2003).

The ABMT differs from other maths assessments (e.g., Research-Based 
Early Maths Assessment, Clements et al., 2008; Utrecht Early Numeracy Test, 
Van Luit & Van de Rijt, 2009; Woodcock–Johnson Tests of Achievement, 
Woodcock et al., 2001) in several ways. First, the items are framed in 
a playful story-context. Child assessment in Norwegian ECEC is unusual 
and controversial. The playful and child-friendly design of the ABMT 
reduces scepticism in children, teachers, and parents. Second, the ABMT is 
designed for tablet use, which has several advantages over traditional 
paper-and-pencil assessments. Play is important in ECEC mathematics edu-
cation (Hirsh-Pasek et al., 2009; Sarama & Clements, 2009) and tablets 
provide unique affordances for playful assessment (Lange & Meaney, 
2013). The touch screen interface of tablets takes advantage of direct 
mediation through finger moves and gestures allowing children to produce 
and transform objects directly (Sinclair & SedaghatJou, 2013). Further, the 
use of technology enhances children’s motivation in educational settings 
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(Couse & Chen, 2010). The tablet automatically encodes results and sends 
encrypted data to a server which makes data collection time efficient. 
Finally, other tasks require considerable time to administer. The ABMT 
takes only 10 minutes to complete, thereby limiting test fatigue.

Even though the ABMT has been used in various research projects (e.g., 
Skoleklar, Agderprojekt, Lekbasert Læring), its factor structure, item func-
tioning, and validity have not yet been investigated. It is unknown 
whether a single factor best represents the ABMT or whether the three 
aspects of numeracy, geometry, and problem-solving are reflected in 
separate factors. Moreover, it is necessary to determine how well scores 
on the ABMT generalize across children of different ages, sex, or socio-
economic status (SES). Test bias is serious as it may result in certain 
children scoring differently on the ABMT, despite the same level of true 
maths ability. Finally, a key factor in establishing the validity of the ABMT 
test scores is to provide evidence that the ABMT is a strong predictor of 
other maths assessments, but also shows discriminant validity with other 
constructs that are known to relate to mathematics, for example, execu-
tive function and working memory (e.g., Bull & Lee, 2014), phonological 
awareness (e.g., Simmons & Singleton, 2008), and vocabulary (e.g., 
Purpura et al., 2017).

The following research questions were asked:
(RQ1) What is the factor structure of the ABMT? Does a one, two, or 

three-factor model best fit the data? Although the task was developed to 
include aspects of three mathematical areas (problem-solving, geometry, 
and numeracy), we expected that the overlap in content across the items 
might not yield clearly defined factors.

(RQ2) Do the items of the ABMT function similarly across age, sex, and 
SES? This question was evaluated in an exploratory fashion.

(RQ3) Does the ABMT show concurrent, predictive, and discriminant 
validity? We expected the ABMT to relate more strongly to other mathe-
matical assessments compared to related constructs (i.e., executive func-
tion, working memory, vocabulary, phonological awareness).

Method

Samples and procedures

This study is based on secondary analyses of three existing datasets. All 
samples were collected from different schools in both rural and urban 
areas of southern Norway. For Sample 1, data were derived from children 
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who participated in the research project ‘Skoleklar’ where all children 
from one municipality in the last year of ECEC (referred to as ‘kindergar-
ten’) were invited to participate. The total sample1 included 243 children 
(5.3% immigrant status2) who were assessed in the spring of the last year 
(2012; Mage = 5.78) of ECEC and in the spring of first grade (2013). In fall of 
fifth grade (2016) data from the national school assessments were col-
lected from 160 children. For samples 2 and 3, data were derived from two 
cluster-randomized controlled trial intervention studies (‘Agderprojekt’ 
and ‘Lekbasert Læring’, respectively) where all ECECs in participating 
municipalities in southern Norway were invited to participate. In Sample 
2, a total of 691 children (8.1% immigrant status) were assessed in fall 
(2016; Mage = 5.16) and spring (2017) of kindergarten. In Sample 3, a total 
of 1282 children (16.1% immigrant status) were assessed in fall (2017; 
Mage = 5.14) and spring (2018) of kindergarten. In the spring of kinder-
garten (post-test), solely data from the control groups were used. More 
details about the samples are given in Table 1.

Children were assessed individually by a trained research assistant in 
a single session. Testing took place within 1 month in Sample 1, and 
within 2 weeks in samples 2 and 3. Tasks were administered on a tablet. 
To ensure high-quality and uniform assessment, assistants were trained 
for 2 days focusing on child-friendly assessment, procedures to eliminate 
bias, and technical operation of the tablet. National school assessments 

Table 1. Summary of the Sample Characteristics for Sample 1, Sample 2, and Sample 3.

N
Number of ECEC/ 

schools
Missing 

Count/Percent Male/female Mean age (SD) Age range

Sample 1
Spring K 241 19 2/0.8% 122/119 5.78 (0.29) 5.29– 6.30
Spring G1 239 8 4/1.6% 122/117 6.78 (0.29)b 6.29– 7.30b

Fall G5c 160 8 83/34.2% 74/86 10.29 (0.29)b 9.79– 10.78b

Sample 2
Fall K 664 71 27/3.9% 332/332 5.16 (0.26) 4.67– 5.67
Spring K 292a 35 20a/6.4% 141/151 5.99 (0.27) 5.50– 6.42
Sample 3
Fall K 1199 96 83/6.5% 606/593 5.14 (0.28) 4.67– 5.67
Spring K 519a 47 75a/12.6% 259/260 5.93 (0.28) 5.42– 6.42

Note. K = kindergarten, G1 = 1st grade, G5 = 5th grade. a Data from Sample 2 and 3 in spring kindergarten 
only contains half of the sample at fall because data from the intervention group was excluded. b 

Approximation; no data on exact date of testing available, time-window was approximately 1 month. c 

No ABMT data, only data from national school assessments.

1The total sample includes children who participated in at least one wave of data collection.
2A child for whom both parents were born outside Scandinavia was coded as having an immigrant 

status.
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were conducted by the teachers. All studies were approved by the 
Norwegian Social Science Data Service.

Measures

Ani Banani Math Test

The 18 items in the ABMT are embedded in playful contexts, including 
a monkey (‘Ani Banani’) and his everyday activities. Test items were 
constructed to embed elements of numeracy, geometry, and problem- 
solving. See Figure 1 for examples. To optimize the items, the task has 
been piloted in a previous study with 40 children. During this process, 
items that proved too difficult or otherwise did not work were adjusted 
to match the children’s development (Størksen & Mosvold, 2013). See 
Table 4 for an overview of all items.

Preschool early numeracy scale

This task (PENS; Purpura et al., 2015), α =.90, is a brief early numeracy 
measure developed in the United States. It includes 24 non-interactive 
items regarding one-to-one counting, cardinality, counting subsets, sub-
itizing, number comparison, set comparison, number order, numeral 
identification, set-to-numerals, story problems, number combinations, 
and verbal counting.

Figure 1. Illustrations of three ABMT items for numeracy (a), problem-solving (b), and 
geometry (c). (a) ‘Ani Banani is a little hungry today. Can you give him five bananas?’ (b) 
‘Ani Banani has some bananas in one of his baskets. He would like twice as many apples 
as he has bananas. Can you give him twice as many apples in the other basket?’ (c) ‘Ani 
Banani likes to look at different shapes. Can you help him find the triangle?’.
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National school maths and reading assessments

In first and fifth grades, mathematics and reading achievement were 
assessed with the national school assessments (NDET; Norwegian 
Directorate for Education and Training). Reliability estimates for the 
tests are all α > .8 (Norwegian Directorate for Education and Training, 
2013, 2018).

Vocabulary

In Sample 1, vocabulary was assessed by the Norwegian Vocabulary Task, 
α = .84 (NVT; Størksen et al., 2013). Children were presented with 45 
different pictures on a tablet screen and had to tell the name of the 
object depicted. In Sample 3, a shorter version of this task was used (20 
items), α = .84.

Phonological awareness

Twelve-item blending task (NDET), α = .75 (Solheim et al., 2012). The 
target word was auditory presented in phonemes and children had to 
indicate the corresponding alternative from four images on a tablet 
screen.

Executive function

The Head-Toes-Knees-Shoulders task, α =.94 (HTKS; McClelland et al., 
2014) is a measure of children’s cognitive flexibility, working memory, 
and inhibition. Children were initially habituated to two different rules 
(touch your head/toes) and later had to inhibit this automatized response 
and replace it with the opposite (e.g., head = toes) and a different rule 
(e.g., head = knees).

Working memory

The Forward/Backward Digit Span subtest from the WISC-IV (Wechsler, 
2003), α =.87 (Williams et al., 2003), was used as a measure of working 
memory. Children had to repeat a sequence of digits in the same and 
reversed order.
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Covariates

Parents reported their highest obtained education, child sex, and age on 
a questionnaire. Maternal education (1 = junior high school, 2 = senior 
high school, 3 = 1– 2 years of college/university, 4 = 3 years of college/ 
university, 5 > 3 years of college/university) was used as a proxy for SES.

Analyses

Missing data were generally low (see Table 1) except for school achieve-
ment data in fifth grade (Sample 1, RQ3) which had 34.2% missing data. 
Children with missing values in fifth grade had significantly lower mean 
scores on all predictors, except phonological awareness in kindergarten 
and EF in first grade. The proportion of children with an immigrant back-
ground, low SES, and boys was also higher in the 5th grade missing data 
group. For RQ3, the full information maximum likelihood estimator (FIML) 
was used. There were no systematic missing patterns in the other sam-
ples, except for immigrant status in Sample 3 where the proportion of 
immigrant children was slightly higher in children with missing values on 
the ABMT. For RQ1 and RQ2, the robust weighted least squares estimator 
(WLSMV) was used. This estimator is appropriate for categorical data 
(Muthén et al., 2015). All analyses were conducted with Mplus Version 8 
(Muthén & Muthén, 1998-2017). Raw scores were used for each measure 
(see Table 2).

Confirmatory factor analyses (CFA) were used to investigate the factor 
structure. Overall model fit was evaluated using the following criteria: 
RMSEA ≤ .06, CFI/TLI ≥ .95 (Hu & Bentler, 1999). Items 1 and 18 were 
considered fillers (99% of the children scored correctly) and omitted from 
all analyses. Residual covariances were included between items that were 
similar in wording and/or content and indicated areas of strain when not 
freely estimated (modification index >10.0). The number of residual cov-
ariances was kept as low as possible and kept similar across samples for 
consistency (see Table 4). Chi-square difference tests were performed 
using the DIFFTEST option in Mplus.

To investigate whether the items functioned similarly across age, sex, 
and SES the three samples were merged, and multiple indicator multiple 
causes (MIMIC) models (Jöreskog & Goldberger, 1975) were estimated to 
assess uniform differential item functioning (DIF). The advantage of MIMIC 
over, e.g., multiple-groups CFA, is that continuous predictors can be 
accommodated which eliminates the need to impose categorical cut- 
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offs (cf. MacCallum et al., 2002). DIF was assessed in an exploratory 
manner by regressing the latent ABMT variable on the covariate of inter-
est and fixing all direct effects on the indicators to zero and then inspect-
ing modification indices for any salient areas of strain (Brown, 2015).

Concurrent validity was determined by calculating the correlation 
between the observed score on the ABMT and other mathematical 
assessments at the same time point, whilst predictive validity was 
assessed by estimating the predictive power of ABMT for these assess-
ments at a later time point. Discriminant validity was determined by 
testing the difference between two correlated correlations (dependent 
correlations obtained from the same sample) with one variable in com-
mon (Lee & Preacher, 2013) to show that the correlations between the 
ABMT and other maths assessments at concurrent time points were 
significantly higher than between the ABMT and related constructs. 
Only samples 1 and 3 were used for these analyses as Sample 2 did not 
contain other maths assessments.

Results

RQ1: factor structure

First, 1-factor models were estimated with the spring kindergarten data 
because the ABMT was originally designed for this age group. The models 

Table 2. Means and Standard Deviations for Observed Scores on the Assessments.
Fall kindergarten Spring kindergarten Spring first grade Fall fifth grade

Measure M SD M SD M SD M SD

Sample 1
ABMT 10.62 3.13 14.52 2.57
HTKS 34.46 15.64 47.48 9.81
Digit span 8.76 3.04 11.01 2.58
Vocabulary 26.35 5.69 30.72 4.96
PA 3.66 3.38 10.21 1.91
NSMAa 42.76 7.43 50.88 9.72
NSRAa 96.12 10.16 49.89 9.91
Sample 2
ABMT 7.00 2.85 9.94 3.12
Sample 3
ABMT 6.87 2.99 9.94 3.28
Vocabularyb 12.58 4.28
PENS 17.11 5.10
Digit span 7.00 3.29

Note. ABMT = Ani Banani Maths Test, HTKS = Head Toes Knees Shoulders, PA = Phonological awareness, 
NSMA = National School Maths Assessment, NSRA = National School Reading Assessment. PENS = 
Preschool Early Numeracy Screener. aThe content and scale range of the NSMA and NSRA in first grade 
and fifth grade differ. b In Sample 3 a shorter version of the Norwegian Vocabulary Task was used.
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showed a good fit with the data (RMSEA ≤ .034, CFI ≥ .958, TLI ≥ .950) 
Next, 3-factor models (numeracy, geometry, and problem-solving) were 
estimated. Table 4 gives an overview of the constructs for each item. 
Although the 3-factor models showed an adequate fit (RMSEA ≤ .034, CFI 
≥ .959, TLI ≥ .949), the correlation between the factors was often very high 
(r > .85), especially for numeracy and problem-solving, indicating poor 
discriminant validity between the latent dimensions (Brown, 2015). This 
model was therefore rejected and 2-factor models without a separate 
problem-solving factor were tested. The 2-factor models showed a good 
fit (RMSEA ≤ .034, CFI ≥ .961, TLI ≥ .953), and chi-square difference tests 
indicated a better fit of this model, compared to the 1-factor model. 
However, the correlation between the factors was still high (r = .704 – 
r = .961) and could not be classified as ‘no problem’ according to the 
confidence interval classification (CICFA(sys)) as described by Rönkkö and 
Cho (2020): upper limit < .8. The 1-factor model was therefore considered 
the best option. This solution showed a good fit at all time points as well 
as in the combined sample. Detailed results from the CFAs are presented 
in Table 3. In Table 4, the item parameters from spring kindergarten in the 
combined sample are presented.

RQ2: item functioning

MIMIC models in the combined sample indicated that age and SES were 
positive predictors of the latent factor (β = .241, p < .001 and β = .237, p < 
.001, respectively). None of the items showed DIF for these two 
covariates.3 DIF was found for sex: items 3 and 17 indicating a bias 
towards boys, and item 11 towards girls. See Table 5. Sex was a non- 
significant predictor of the latent factor (β = .056, p = .134).

RQ3: validity

Zero-order correlations between the observed score on the ABMT and 
other related constructs in samples 1 (N = 233) and 3 (n = 518) are 
presented in Table 6. The correlations between the ABMT and other 
maths measures at the same time point were all strong (r > .50). The 
ABMT also showed strong correlations (r > .50) with maths measures at 
a later time-point. As shown in Table 7, a test of correlated correlations 
showed that the concurrent correlations between the ABMT and other 

3Results were similar when SES was coded as dummy variables
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maths assessments were all significantly higher than the correlations 
between the ABMT and all other constructs.

Discussion

This study assessed the psychometric properties of the ABMT (Størksen & 
Mosvold, 2013). Although the ABMT did seem to tap at least two highly 
related aspects of children’s early mathematics skills: numeracy and geo-
metry, the measure failed to reliably distinguish between these mathe-
matics areas. Rather, the well-fitting and most parsimony 1-factor model 
suggests that the ABMT measures one general construct of children’s 
informal mathematics development. In future versions of the ABMT, 
items that more distinctively tap into the areas of numeracy, geometry, 
and problem-solving should be added. Item functioning appeared robust 
across age and SES. When planning to compare ABMT means between 
the sexes, it is advised to exclude items with signs of DIF as three items 
showed indications of bias in the present study. In future versions of the 
ABMT, these items should be considered for revision. ABMT scores 

Table 4. Intended Constructs for the Multiple Factor Models and Psychometric 
Information from the 1-Factor Model in the Spring Kindergarten in the Combined 
Sample.

No. Construct Item detail
% 

correct

Loadings 
1-factor 
solution Thresholds

1 N/A (filler) Select biggest milkshake 99.1 N/A N/A
18 N/A (filler) Divide equal number of apples 98.5 N/A N/A
4 Numeracy Give 5 banana’s 89.3 0.707 −1.240
9 Numeracy Put 5 plates on the table 84.9 0.627 −1.032
12a Geometry Find triangle 83.2 0.453 −0.960
13a Geometry Find triangle again 81.0 0.424 −0.879
8 Numeracy How many bricks 64.4 0.441 −0.368
7 Numeracy How many cars 60.8 0.314 −0.275
14 Numeracy/Problem- 

solving *
Select monkey with most 

marbles
58.4 0.443 −0.211

15b Geometry Copy a pattern 57.3 0.622 −0.185
5 Numeracy Give 17 banana’s 45.4 0.645 0.115
10 Numeracy Put more plates so there’s place 

for 7
38.7 0.617 0.286

16b Geometry Copy a pattern 37.5 0.556 0.320
11 Geometry Complete a puzzle 35.1 0.451 0.383
3 c Numeracy Count to 50 27.8 0.741 0.589
2 Numeracy/Problem- 

solving *
Select next smallest milkshake 22.4 0.449 0.758

17 c Numeracy Count backwards from 15 14.6 0.664 1.052
6 Numeracy/Problem- 

solving *
Give twice as many apples 11.4 0.502 1.204

Note. abc freely estimated correlations between error terms. * Numeracy in the 2-factor solution and 
problem-solving in the 3-factor solution
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showed good concurrent validity with the school assessments and the 
PENS (Purpura et al., 2015) and discriminant validity when contrasted with 
measures of executive function, working memory, phonological aware-
ness, and vocabulary. The task showed good predictive validity for chil-
dren’s maths achievement five years later. Items showed moderate to 
high factor loadings indicating that children’s maths skills explain 
a significant proportion of the variance in the level of underlying maths 
skills needed to score correctly on an item.

Limitations

At present, the ABMT is intended for use in research only and not as 
a diagnostic tool for teachers. Further studies are necessary to investigate 
whether the ABMT can be used to identify children at risk of mathematics 
difficulties. Also, available data varied by sample, and sample sizes varied 
across analyses. There was substantial missingness on the fifth-grade data 
in Sample 1 which was related to low performance on earlier skills, sex, 
SES, and immigrant status. This may have biassed some estimates.

Conclusions

Despite these limitations, and acknowledging the DIF for sex, the ABMT 
appears to be a psychometrically valid, playful research measure of 

Table 7. Results from the Test of Correlated Correlations between the Observed ABMT 
sand the National Math Assessment and the PENS versus other Measure scores.

N Measure Correlation with ABMT(j) rkh z-score

rjk

Sample 1 233 NSMA(k) .685
rjh

233 NSRA(h) .532 .666 3.83***
239 HTKS(h) .454 .547 4.88***
239 Digit span(h) .488 .421 3.80***
239 Vocabulary(h) .394 .224 4.74***
233 PA(h) .366 .326 5.46***

rjk

Sample 3 518 PENS(k) .648
rjh

518 Digit span(h) .545 .559 3.33***
518 Vocabulary(h) .483 .514 4.96***

Note. Sample 1 includes data from first grade. Sample 3 includes data from spring kindergarten. In 
Sample 1, N = 233 was used for the z-test. In Sample 3, N = 518 was used for the z-test. rjk and rjh = the 
two correlation coefficients to be compared, rkh = correlation of the unshared variables, ABMT = Ani 
Banani Math Test, PA = Phonological awareness, NSMA = National School Math Assessment, NSRA = 
National School Reading Assessment. PENS = Preschool Early Numeracy Screener. 

*** p < .001
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kindergarten-aged children’s early mathematics. The ABMT gives researchers 
a tool to assess children’s early mathematics and investigate how these skills 
predict later outcomes. This can provide policymakers and teachers with 
crucial information on the importance of early mathematics in ECEC. Another 
practical application of the ABMT is in evaluations of ECEC interventions. 
Recent findings indicate that the ABMT is sensitive to intervention effects 
(Rege et al., 2019). The ABMT is likely to be adequate for use in ECEC outside 
of Norway as well, especially if children are situated in play-based ECEC, are 
not used to being in test-situations or when motivation problems are 
expected to arise.
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