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1. Introduction

The purpose of conducting analyses of Dierential Item Functioning �DIF�

The primary objective of this work was to execute Dierential Item
Functioning �DIF� analyses on the Early LearningMeasure 4&5 Years
Assessment tool �ELOM 4&5�, across all 11 South African languages
represented in the expanded dataset. The insights derived from these
analyses can be used to enhance the ELOM 4&5 Technical Manual, through
adding to existing analyses of DIF on the original 2016 sample, thus
completing the assessment of ELOM 4&5measurement equivalence.

Questions of bias and equivalence are fundamental issues that must be
addressed in the development of tests, such as the ELOM 4&5 that are
intended for use in several cultural or linguistic populations (Van der Vijver &
Tanzer 2004�1�; Milfont and Fischer 2010�2�; Peña, 2007; Peña & Quinn,
1997�3�). Such testsmust be assessed for their linguistic, cultural,
functional andmetric equivalence.

Linguistic equivalence is established when thewords and linguistic
meaning used in the instruments and instructions are the same across the
languages of administration. Related, functional equivalence is established
when the test instructions elicit the same behaviour in children from
dierent backgrounds. The underlying constructs beingmeasured, must
be understood in the sameway and demonstrate the same psychological
(factor) structure, and scale itemsmust permit all children regardless of
their background, to demonstrate their true ability. Bias is evident when the
items are formulated in amanner that the instrumentmakes children from
particular ethnolinguistic backgroundsmore or less likely to demonstrate



their true competencies. It is therefore necessary to establish themetric
equivalence of a test for the languages that test-takers speak. This is a
central property of metric equivalence, and it is assessed using statistical
tests, including factor analysis and item responsemodelling �DIF�, to
determine whether tools such as ELOM 4&5measure the same construct
on the same scale in each of the language groups onwhich it is to be used.
It is for these reasons that the fairness of the ELOM 4&5 inmeasuring
children from all South Arica’s oicial languages, regardless of their
language background, is important to establish.

Themetric equivalence of the ELOM 4&5was established for the five
language groups included in the 2016 standardisation sample using Rasch
analysis and DIF (Snelling, et al., 2019�4�): English, Afrikaans, isiXhosa,
isiZulu and Setswana. Since then, we have been able to assess children in
the remaining languages and assemble the samples used in the analyses
described here. An adaptation for deaf children is under way.

It is important to note the distinction between “benign” and “adverse” DIF
(Breslau et al., 2008�5�).

BenignDIF occurs when groups dier in their probabilities of endorsing an
item because the item taps a dimension of the underlying trait or aribute
that manifests dierently between the groups. In this case, a finding of DIF
in the statistical analysis reflects real dierences between the groups in
themanifestation of the underlying trait, for example as a consequences of
cultural dierences.

AdverseDIF reflects biases in themeasurement process and occurs when
groups dier in their probabilities of endorsing an item because, for
example, of dierent understandings of a word or phrase used in the item
instructions or task, or because of challenges in scoring the item (a form of
measurement error). In sum, adverse DIF reflects biases in the
measurement process which onewould wish to avoid.

The results of a DIF analysis does not in itself reveal its benign or adverse
nature. This is for the researcher to determine on the basis of their
knowledge of the test and the languages involved.



2. Methods

ELOM 4&5

The ELOM 4&5was utilised in this study. The ELOM is a rigorously
standardised South African pre-school child assessment tool designed for
use with children aged 50 - 69months. Themeasure comprises 23 items
divided into five domains:

1. GrossMotor Development (Items 1 to 4�,
2. FineMotor Control and Visual Motor Integration (Items 5 to 8�,
3. Emergent Numeracy andMathematics (Items 9 to 13�,
4. Cognition and Executive Functioning (Items 14 to 17�, and
5. Emergent Language and Literacy (Items 18 to 23�.

Sample size for DIF

There are dierent views on the necessary sample size for DIF analyses,
and this depends on themethod used. Sco et al �2009��6� see a sample
size of 200 as appropriate for IRT Rasch analysis for scales of more than 2
or 3 items, while Serici & Rios �2013�7�, p.177� state that “Poor DIF detection
results using small sample sizes (N = 100�” and suggest that an adequate
sample size would be around 250–500 in each group. Finally, Lai, Teresi &
Gershon �2005�8�) state that several studies have shown that a sample
size greater than 100 is required to detect DIF, but that around 200 is
adequate when 1-parameter logistic �1-PL Rasch)model�9�,�10� is used. As
1-PL Raschmodelling is used in the analyses conducted here, we have
followed their estimation.

Study sample

The sample consisted of 15,487 ELOM assessments, including 7,510males
and 7,977 females ranging in age from 49 to 70months (mean age= 58.32
months). Sample characteristics are shown in Tables 1, 2 and 3.

Table 1. Sample Home Languages

Language Frequency

Afrikaans 2,329 �15%)

English 1,405 �9.1%)

Isindebele 78 (.5%)



Isixhosa 2,800 �18.1%)

Isizulu 3,256 �21.0%)

Sesotho 1,106 �7.1%)

Sesotho se leboa (Sepedi) 1,190 �7.7%)

Setswana 2,620 �1.6%)

Siswati 243 �1.6%)

Tshivenda 289 �1.9%)

Xitsonga 171 �1.1%)

Total 15,487 �100%)

For most languages sample sizes aremore than adequate. However,
isiNdebele in particular is < 100 and findingsmust be treated with some
caution as theymay be unreliable. Xitsonga is somewhat below our target,
but following Lai et al., we regard it as acceptable and not likely to generate
unreliable findings.

Table 2. Sample Age inmonths and sex

Age Sex Frequency

Mean Age
(months)

58.32 �SD=5.426� Range:
49; 70

Male 7510 �48.5%)

Median Age
(months)

58.00 Female 7977 �52,5%)

Total 15487



Table 3. Early Learning Programme participation

Responses to the question: For howmany years has this child been in
the programme?

Frequency Percent Valid
Percent

Cumulative
Percent

Do Not Know 153 1.0 1.2 1.2

1st year in the
programme

7,080 45.7 54.3 55.4

2nd year in
programme

3,289 21.2 25.2 80.6

3rd year in
programme

2,526 16.3 19.4 100.0

Non-Missing
Total

13,048 84.3 100.0

Missing (Don’t
know)

500 3.2

Missing
(Unknown)

1,939 12.5

Total Missing 2,439 15.7

Grand Total 15,487 100.0

3. Analysis using RaschModelling

The Raschmodel, named after Georg Rasch, is a psychometric model for
analysing categorical data, such as answers to questions on a reading
assessment or questionnaire responses. This model transforms the raw
score data into interval measures, which can then be analysed using
powerful statistical modelling techniques. It provides tools for examining
themeasurement properties of assessment items and the performance of
respondents, thereby ensuring the validity and reliability of the scores
(Bond & Fox, 2015�11�).



Winsteps® Software

Winsteps® (hps://winsteps.com/) is a software tool commonly used for
conducting Rasch analysis and was used to carry out the DIF analyses on
the ELOM 4&5 data across all 11 languages. It provides user-friendly
interfaces and comprehensive output for examining item and person
statistics, item fit, reliability estimates, and importantly for this study,
Dierential Item Functioning.

Procedure

Data Input: Our initial step in the Raschmodelling process was data input,
performed usingWinsteps® software. This involved importing a data file
containing responses to the ELOM items. The data file, in a format
compatible with the software, was structured so that each row represented
a single respondent (in this case, a child) and each column represented a
response to an item on the ELOM.

Model Specification: After loading the data, we specified themodel for
analysis. This study utilised a partial credit model, appropriate for items
withmore than two response categories.

Model Estimation: Post model specification, theWinsteps® software
estimated themodel parameters - the item and personmeasures. This
process was iterative, and the derived parameters were saved for further
analysis. A1-PL Raschmodel was used. The findings permit one to consider
the elimination of items that do not fit a pre-specifiedmodel and retain
those that do�12�.

ExaminingModel Fit

Fit Statistics: Evaluation of themodel fit in our Rasch analysis involved
examining fit statistics, providing insight into howwell our data conformed
to themodel's expectations. We used infit and outfitmean-square
statistics, with values close to 1.0 indicating a good fit. Notably, values
significantly greater than 1.0 suggested that an itemwas less predictable
than themodel expected (termed underfit), while values significantly less
than 1.0 suggested the itemwasmore predictable than themodel expected
(overfit). Underfiing themodel is more problematic than overfiing
(Tessio, et al., 2023�13�) as it indicates that the item is less able to
discriminate between children of high and low ability (it has low ‘person’
reliability).

https://winsteps.com/


Reliability: We also analysed reliability to gaugemodel fit, estimating the
reproducibility of item and personmeasures (the consistency of the ELOM
to discriminate betweenmore and less able children, and consistency in
item diiculty). Both forms of reliability are equivalent to Cronbach’s alpha
and are indicative of themeasure’s internal consistency.

● The person reliability index quantifies the extent to which the
responses of a given child to an item conform to the Raschmodel
expectation that amore able child should have a higher probability of
passing an item than a less able child.

Interpretation: Person reliability values >.50 are regarded as
acceptable for a A1-PL Raschmodel �14�. Those below that value
indicate that either there were not enough individuals in the sample
withmore extreme abilities (both high and low), or there are too few
items in themeasure to provide a valid assessment of person
reliability (consistency in response).

● The item reliability index quantifies the level of diiculty of each item
(by ranking the probability of passing).

Interpretation: Higher reliability indices (closer to 1.0� suggest
greater consistency Low item reliabilities indicate that the sample
was too small to confirm the item diiculty of the instrument
(Cordier, et al., 2018��15�. Reliability values >.50 are regarded as
acceptable for a 1-PL Raschmodel.

● Lastly, we used the Root Mean Square Error �RMSE� as another
measure to assessmodel fit. The RMSE reflects the standard
deviation of residuals, defined as dierences between the observed
and predicted responses. Lower RMSE values indicated a beer
model fit (the predicted and observed responses are closer).

Interpretation of RMSEA values: Good: RMSEA < 0.05: Acceptable:
RMSEA between 0.05 and 0.08; Marginal: RMSEA between 0.08 and
0.1; Poor fit: RMSEA > 0.1.



4. Findings for ELOM4&5 domains

The results are presented in Table 4 below.

Table 4.Winsteps R RaschModelling Results

Domain Person
Reliability

Item
Reliabilit

y

Item
Infit

Item
Outfit

RMSE

GrossMotor
Development

0.58 0.99 1.01 0.98 0.01

FineMotor Control
and Visual Motor
Integration

0.62 1.00 0.8 0.9 0.01

Emergent Numeracy
andMathematics

0.54 1.00 1.01 0.97 0.01

Cognition and
Executive
Functioning

0.48 0.98 0.99 0.98 0.01

Emergent Language
and Literacy

0.63 1.00 0.96 0.94 0.01

1. GrossMotor Development �GMD� domain: the person reliability was .58,
item reliability was .99, item infit was 1.01, item outfit was .98, and RMSE
was .01.

2. FineMotor Control and Visual Motor Integration �FMC - VMI� domain: the
person reliability was .62, item reliability was 1.00, item infit was .80, item
outfit was .90, and RMSEwas .01.

3. Emergent Numeracy andMathematics �ENM� domain: the person
reliability was .54, item reliability was 1.00, item infit was 1.01, item outfit
was .97, and RMSEwas .01.



4. Cognition and Executive Functioning �CEF� domain: the person reliability
was .48, item reliability was .98, item infit was .99, item outfit was .98,
and RMSEwas .01.

5. Emergent Language and Literacy domain �ELL�: the person reliability was
.63, item reliability was 1.00, item infit was .96, item outfit was .94, and
RMSEwas .01.

The findingsmay be summarised as follows:

● All domains have good fit.
● Item reliability values were high across all domains, suggesting

suicient precision of item calibrations, even in this highly
heterogenous sample.

● Person reliability values varied across domains. Only the Cognition
and Executive Functioning domain (.48� is marginally below the
threshold for a A1-PL Raschmodel. This value, albeit borderline, was
considered acceptable.

● RMSEA values for all domains are below 0.05 and have very good Infit
and Outfit.

Dierential Item Functioning

For the purposes of this study, DIF was judged at the level of the domain
(summed DIF across items in a domain (Linacre, 2016�16�) as reported in
Table 6 for all languages. It is suggested by Linacre that when person
reliability is relatively low, thenmore stringent thresholds can be set to
account for increased standard error. In addition, this correction is also
recommended for a small sample (in this case IsiNdebele). A threshold of
.025 is therefore used for the results displayed in Table 5.



Table 5. Dierential Item Functioning Results by Language for each
Domain

Language GMDDIF FMC - VMI
DIF

ENMDIF CEF DIF ELL DIF

Afrikaans -0.0038 -0.0513 -0.0134 0.072 -0.0062

English -0.0239 0.0954 0.0028 0.0543 0.021

IsiNdebele -0.0049 0.022 -0.004 0.1076 -0.0831

IsiXhosa -0.0042 -0.0329 0.0098 -0.0154 -0.0085

IsiZulu 0.0001 -0.0033 0.0046 0.0007 -0.0146

Sesotho 0.0053 -0.0466 -0.0062 0.0252 -0.0102

Sepedi 0.0136 -0.0101 0.0101 0.0472 -0.022

Setswana -0.004 0.0019 0.0092 0.0003 -0.0142

Siswati 0.0053 -0.0255 -0.0074 0.0794 0.0119

Tshivenda 0.0281 -0.0161 0.0123 0.0344 0.004

Xitsonga 0.0046 -0.0293 -0.0084 0.0413 -0.0012

In summary:

● DIF values for the domains are all acceptable.
● Measurement (metric) equivalence is evident across all eleven

languages.
● The ELOM 4&5 does not discriminate between children on the basis

of their language.

Overall, these domain level findings support the use of the ELOM as a
reliable and fair tool for assessing child development outcomes across all 11
oicial languages.



5. Findings for ELOM4&5 itemDIF.

It is of interest to examine DIF for specific items. Heat maps of DIF for each
item and language are provided in Tables 6.1�6.5. We use the criterion of
=>.50 to indicate DIF at the item level. Values exceeding .50 are indicated in
red.

DIF is evident for 4 of the 23 items.

● FMC�VMI item 6Copy Triangle: All languages; it is possible that this
due to assessor challenges in scoring triangle drawings (adverse
bias aributable tomeasurement error).

● CEF� item 17 Picture puzzle completion: Siswati; Themost likely
reason for DIF could be low sample ability variance (the ability range
in the sample of Siswati speakers is narrow).

● ELL� Item 18 Expressive language: empathy: IsiXhosa, Sesotho,
Tshivenda and Xitsonga;

● ELL� item 23 Initial sound discrimination: all languages except
English, and Sesotho.

In case of these ELL items, it is plausible that these are examples of
benign bias occasioned by the nature of these languages.We note
that Language tests produce particular challenges in translation
(Carter et al. 2005�17�).

It is important to note that single items are not used in comparisons
between groups (domains are compared), so one should not be overly
concerned about these few observations. When combined in domains
(Table 5�, it is evident that the individual item DIF findings do not aect
domain DIF.



Table 6.1. GrossMotor Development

ITEM Afr. Eng. Isind. Isixhosa Isizulu Sesotho Sepedi Setsw. Siswati Tshiv. Xitsonga

1 0.0493 -0.113 -0.3913 0.0013 -0.113 -0.2411 -0.323
-0.200

7
-0.050

9
-0.360

4 -0.1594

2
-0.032

9
-0.032

9 0.1086
-0.032

9
-0.032

9 0.0003 -0.063
-0.032

9
-0.032

9
-0.208

1 0.0274
3 0.0847 0.1255 0.3813 0.0549 0.1255 0.0942 0.2597 0.1255 0.2024 0.3491 0.2299

4 -0.1049
-0.003

5 -0.1035
-0.027

5 0.0205 0.1519 0.1399 0.1041 -0.1133 0.2475
-0.093

3

No DIF is evident for any GMD item (no Values higher than .50�.

Table 6.2. FineMotor Coordination and Visual Motor Integration

Item Afr. Eng. Isind. Isixhosa Isizulu Sesotho Sepedi Setsw. Siswati Tshiv. Xitsonga

5 -0.1874 -0.1619
-0.395
5

-0.305
4

-0.305
4

-0.478
2 -0.4178

-0.305
4 -0.354 -0.4172

-0.445
2

6 0.7831 0.5927 0.6813 0.7831 0.7831 0.7831 0.8429 0.8354 0.8384 0.8465 0.7579

7 -0.09 -0.1877 -0.1849 -0.1773 -0.1094
-0.018
2 -0.1444

-0.230
3 -0.1074

-0.325
2

-0.259
1

8 -0.557 -0.1477
-0.078
9

-0.333
3 -0.3716

-0.333
3

-0.290
8

-0.297
8

-0.402
5 -0.1202

-0.082
9

DIF is evident for: item 6Copy Triangle: All languages.



Table 6.3. Emergent Numeracy andMathematics

Item Afr. Eng. Isind. Isixhosa Isizulu Sesotho Sepedi Setsw. Siswati Tshiv. Xitsonga

9
-0.069

2 -0.3161
-0.067

2 -0.1258
-0.036

4 0.2101 0.2129 0.1959 -0.1486 0.1578 0.1424
10 0.0508 -0.0917 -0.1094 0.2732 0.3433 0.1603 0.3306 0.3181 0.0768 0.1836 0.0824
11 0.2073 0.0709 -0.1258 0.0709 0.0916 0.0105 -0.1261 0.05 0.1698 -0.1245 0.1065

12
-0.072

5 0.2785 0.3311 0.0864 -0.037
-0.058

7 0.1031 -0.1223 0.1409 0.0903 0.1025

13 -0.1298 0.0612
-0.032

7
-0.294

9
-0.356

9
-0.328

4
-0.510

4
-0.432

5
-0.246

3
-0.294

9
-0.442

2

No DIF is evident for any ENM item (no values higher than .50�

Table 6.4. Cognition and Executive Functioning

Item Afr. Eng. Isind. Isixhosa Isizulu Sesotho Sepedi Setsw. Siswati Tshiv. Xitsonga

14 0.0652 0.1802
-0.092

1 0.0028
-0.026
2 -0.1104 -0.1618

-0.019
5 -0.0817 0.0279

-0.060
1

15 -0.1132
-0.067
5 0.302 -0.1546

-0.067
5 0.0059

-0.005
9

-0.030
2 -0.144 0.1677 -0.1731

16 0.4094 0.324
-0.437
2 0.0162 -0.148 -0.1504 -0.1473 -0.099

-0.200
8

-0.298
3

-0.086
6

17
-0.289
4

-0.382
4 0.3349 0.1202 0.2424 0.2801 0.3622 0.149 0.5059 0.1371 0.3611

DIF is evident for: item 17 Picture puzzle completion for Siswati



Table 6.5. Emergent Language and Literacy

Item Afr. Eng. Isind Isixhosa Isizulu Sesotho Sepedi Sets. Siswati Tshiv. Xitsonga
18 0.4932 0.4638 0.1984 0.8586 0.4059 0.6864 0.4277 0.5233 0.3101 0.5462 0.5462

19 -0.1757 -0.4161
-0.474
3 -0.1003

-0.246
1 0.0454 -0.0751

-0.019
4 -0.139 -0.17

-0.052
2

20
-0.026

1
-0.043
7 0.0369 -0.2721

-0.364
4

-0.295
8

-0.345
2 -0.4191

-0.326
2

-0.344
7

-0.349
2

21
-0.239
3

-0.094
6 -0.098

-0.403
4 -0.16

-0.296
3

-0.296
3

-0.489
8 -0.198

-0.363
6 -0.381

22 -0.3415 -0.2714
-0.600
3

-0.536
4

-0.424
3

-0.403
9

-0.278
7 -0.1118

-0.542
9

-0.249
3

-0.267
6

23 0.2832 0.383 0.8542 0.4451 0.7743 0.254 0.5456 0.5026 0.9079 0.5854 0.5026

DIF is evident for:

● Item 18 Expressive language: empathy: IsiXhosa, Sesotho, Tshivenda and Xitsonga
● item 23 Initial sound discrimination: all languages except English, and Sesotho.

DIF is more likely in these items given significant language dierences in expression and initial sounds. DIF in these
areas is to be expected and does not signal problemswith the items.
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