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Abstract

Background: IsiZulu is an official language in South Africa and the primary home language (HL) for many South African children. Currently, there are no optometric reading tests specific for isiZulu-speaking children.

Aim: This study aimed to develop and evaluate an isiZulu Paediatric Rate of Reading (PRR) Test for children, with or without visual impairment.

Setting: The study was conducted in primary schools of KwaZulu-Natal, South Africa, focusing on isiZulu-speaking primary school children.

Methods: The study followed a mixed-methods design. High-frequency isiZulu words from primary school textbooks were used to create six versions of the PRR Test, matching visual acuities from 1.0M to 4.0M. Reliability was tested on 162 isiZulu-speaking primary school children, conveniently selected from HL and First Additional Language (FAL) schools, whereby two examiners recorded results for reading performance over two sessions, one week apart.

Results: Bland-Altman plots indicated strong inter-rater agreement with paired t-tests showing no significant differences (P > 0.05) in inter-rater reading parameters. However, statistical differences (P < 0.05) for inter-session agreement were observed for the majority. Intraclass correlations for reading measures ranged from moderate to excellent (0.848–1.000).

Conclusion: The test showed good reliability for reading measures, except that reading error variation was observed.

Contribution: This study contributes to the development of an isiZulu PRR Test, which is a reliable and linguistically relevant tool for assessing reading abilities in isiZulu-speaking children.
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Introduction

Reading assessment has been a key focus in paediatric optometry examination and clinical research, aiming to identify and manage visual factors contributing to reading problems. The availability of optometric reading tests in a range of languages caters to the needs of global diversity. Apart from the accessibility of various English-based optometric tests,1,2,3,4,5 to ensure inclusivity, other language-based reading tests have been designed. Several tests have subsequently been created, including but not limited to the following: MNREAD Chart, RADNER Reading Charts in Spanish, French, German, Dutch, Swedish, Danish, Hungarian and Italian,6 Arabic continuous text reading chart,7 Chinese reading chart for children,8 Kannada rate of reading test,9 and recently the Italian version of the Wilkins Rate of Reading Test.10 However, most of these tests are not specifically designed for children, particularly primary school children, with the words being more applicable to the adult population.

It is for this reason that the optometric English Paediatric Rate of Reading (PRR) Test was designed by Nirghin for English-speaking primary school children in South Africa.11 The test was developed primarily for vision-related assessments, particularly to evaluate the effects of visual and oculomotor deficits on reading rate, and has been shown to be both reliable and valid. It was designed using similar principles to those adopted by the Wilkins Reading Rate Test,4 but with word selections drawn from prescribed textbooks used by South African primary school children.11 Furthermore, the design incorporated a range of visual acuity levels to accommodate children with or without visual impairment. Given its relevance and proven reliability, the English PRR Test forms the basis for the development of the isiZulu version used in this study.

There are 12 official languages in South Africa (SA), with isiZulu being spoken by 22.7% of the population, and it is the most common home language (HL) spoken by children in SA.12,13,14,15 It would be beneficial to have suitable assessments for evaluating the functional performance of isiZulu-speaking children in order to address the specific requirements of this demographic in a clinical context. Considering the recommendation of a prior study, the direct translation of previous tests should not be adopted, as it does not ensure linguistic frequency, word length and structural constraints necessary for test validity.10 As this can compromise the accuracy of the test, reduce cross-language comparability and lead to misinterpretation of reading ability because of linguistic bias, this study aimed to design a rate of reading test specifically for isiZulu primary school children, whether isiZulu is their HL or first additional language (FAL), and to assess its reliability and validity. Similar to the English PRR Test,11 different versions were to be considered for individuals with normal vision as well as those exhibiting visual impairment. For this publication, only the design and reliability of the optometric isiZulu PRR Test will be presented, with validity to be addressed in a subsequent publication.

The availability of reading tests for the assessment of reading rate, time or speed and accuracy considering the errors made, will be useful in a clinical context as well as exploring further research in the African continent where such research is very limited and possibly restricted by the language barrier.

Research methods and design

This study was approved by the University of KwaZulu-Natal’s Biomedical Research Ethics Committee (BREC) and the Department of Basic Education, with all stipulated guidelines and the tenets of the Declaration of Helsinki adhered to. Informed consent and assent were obtained from the parents and participants, respectively. Data are available upon reasonable request and is subject to compliance with South African legal requirements, including the Protection of Personal Information Act (POPIA).

The study used a combination of qualitative and quantitative methods in its design. The qualitative aspect focused on creating the tool and analysing word frequency from prescribed readers of HL and FAL isiZulu-speaking learners. The reliability in this case study was assessed using a quantitative, observational-descriptive approach by evaluating reading rate across two examiners (inter-rater) over two sessions (inter-session) and one week apart.

Data collection

Development of the optometric isiZulu paediatric rate of reading test

The design of the isiZulu PRR Test closely follows the structure and procedures of the English PRR Test developed by the first author,11 with the primary difference being the use of words sourced from isiZulu textbooks commonly used in South African primary schools. The test also shares similarities with the Wilkins Reading Rate Test,4 but differs in several key aspects such as: the number of words included in each paragraph, the choice of words in terms of language and the inclusion of versions to accommodate different levels of visual acuity. While the overall test format remains consistent with the English version, these adaptations ensure that the isiZulu PRR Test is linguistically and visually appropriate for isiZulu-speaking learners. Considering the intent of the optometric isiZulu PRR Test, the selection of the words, their placement in each version of the test, visual acuity letter size and print scaling, font type, contrast and the design of the pre-test chart and recording scoresheet will be discussed.

Grade one isiZulu prescribed textbooks in Portable Document Format (PDF) were imported into the NVIVO qualitative data analysis software (version 11), and by using the Word Frequency Query in the program, a list of frequently used words was generated. Words with only three to four letters were selected to ensure an average level of word difficulty, as in the case of the English PRR Test.11 Numbers, English words, punctuations, special characters, abbreviations and common nouns were excluded. From the generated list of 12 words, 10 words were randomly chosen, arranged left to right, consistent with the reading direction of isiZulu and assigned to 10 rows per paragraph. A total of six paragraphs were produced with each paragraph corresponding to one of six test versions (A–F). These paragraphs were positioned centrally on each version, without any outlining borders. Although no physical borders were drawn, consistent white space was maintained around the text, equal in thickness on the top, bottom, left and right to standardise the visual presentation across all test versions. Furthermore, consistent spacing between texts and lines in all versions was maintained using computer-generated print to avoid the impact of the crowding effect on reading as suggested by previous studies.16,17

The placement of words within each paragraph was determined using a randomisation method: each of the 12 words was assigned a number and a list of random numbers was used to guide 10-word placements per line. This ensured that each line and paragraph was unique in its word order. Consideration of the foregoing in the design was to mimic eye movement during reading, standardise reading difficulty, minimise the influence of linguistic factors and standardise the length and level of difficulty per line and version.

Each of the six versions (A–F) of the chart included text to measure near visual acuities of 1.0M, 1.2M, 1.6M, 2M, 3.2M and 4M, respectively, with notations in Snellen and Logarithm of Minimum Angle of Resolution (LogMAR) also included. Print smaller than 1.0M is not commonly found in books of primary school children, hence it was not included in the design, while relative distance magnification could be applied if print larger than 4M is required.11 To ensure the appropriate scaling of the print for each test version, a graphic designer was enlisted and the formula x = d tanq was applied, where x is the letter height (in mm), d is the viewing distance (in mm) and θ is the angle (5 minutes of arc) that each letter subtends at the eye.18 The print size was maintained uniformly within each paragraph or test version and did not vary between lines within a paragraph. The scaling excluded the ascenders and descenders of letters such as b, d, g and h. Du Toit17 recommended that the typeface chosen for children’s reading tests should reflect what they are commonly exposed to, hence the Quick Sand font typeface was considered to replicate prescribed textbooks and the teaching of writing skills of South African primary school children. Versions A to E were printed on individual 29.7 centimetre by 19.5 cm (A4) matte cardboard, while Version F was on 36.0 cm by 19.5 cm cardboard, considering the large print size. Complying with the contrast specifications in research, all text was printed in black on a white background.19 For each version of the test (A–F), corresponding scoresheets were designed to provide the examiner a simultaneous opportunity to follow the reader while documenting errors and the time necessary for calculating the reading rate.

A pre-test chart was designed to ensure the child is familiar with the words before administering the test irrespective of the version used. The selected 12 words were presented on a matte white A4 cardboard, organised in two columns comprising six rows each. The words were printed in large font (5.82 mm) corresponding to an acuity level of 4.0M, in black ink with a white background to ensure legibility for children with a range of visual acuity levels.

Reliability of the optometric isiZulu paediatric rate of reading test

Before implementing a newly developed instrument, it is essential to establish the tool’s reliability.20 The process of assessing the reliability (inter-rater and inter-session) of the optometric isiZulu PRR Test is explained in this section.

Participants and sampling

From a list of public mainstream primary schools, with isiZulu being offered as the HL and FAL, two schools were selected by simple random sampling. Learners from Grades one to seven (ideally corresponding to ages 6–12 years) were recruited, as the isiZulu PRR Test was specifically designed for this primary school age range. The total number of normally-sighted participants in the study was determined to be 162 with 102 from isiZulu HL and 60 from FAL schools and was based on an expected power of 0.8, an effect size of 0.5 and a significance level of 0.05,21 with the participants being selected through convenience sampling. The first 162 isiZulu-speaking children who agreed and received consent to participate in the study, passed the pre-test, pre-visual screening and had no systemic illness or special needs according to the school records, were included.

Study setting

The study was conducted in a three-metre by four-metre classroom, with consistent lighting provided by overhead fluorescent lights and natural light entering through windows located away from the testing area. Although the exact lux level was not measured, all fluorescent fixtures were operational to maintain uniform illumination throughout data collection. Only the two researchers and one participant were present in the room at any point in time, aiming to minimise distractions and create a comfortable environment for the participant to read without external pressures.

Accuracy and consistency of results

The researchers, one English-speaking and the other isiZulu-speaking, followed all protocols within the scope of optometric practice. To enhance standardisation, a detailed step-by-step guide was accessible to the researchers throughout data collection, and each examiner focused on a specific aspect of the research to ensure reliable and valid results.

Preliminary procedures

The learners underwent the optometric isiZulu PRR Test pre-test visual screening and pre-screening as the first steps and those who passed both these initial procedures proceeded to the reading rate evaluation for the reliability of the optometric isiZulu PRR Test.


	Pre-test visual screening: Initial screening aimed to eliminate visual problems that could impact reading rate results and included near visual acuity with or without habitual correction, near point of convergence (NPC) using a penlight and red and/or green spectacles cover test, accommodative response, amplitude of accommodation (push-up test), ocular-motility and internal ocular health assessments for all learners. Near visual acuity was assessed using a near logMAR chart at 40 cm, with monocular and binocular acuities recorded in logMAR to ensure that the print size used in the optometric isiZulu PRR test was appropriate. Learners who met all screening criteria proceeded to the reading pre-screening, while those who did not were referred to an eye care practitioner for further assessment. The screening criteria included near visual acuity of 1.0M (0.4 logMAR) or better, both monocularly and binocularly; NPC break and recovery values of 2.5 cm ± 4 cm and 4.5 cm ± 5 cm respectively; phoria within normal limits (1Δ exophoria ± 2Δ at distance and 3Δ exophoria ± 3Δ at near); an accommodative response of +0.50 D ± 0.25 D; amplitude of accommodation consistent with Hofstetter’s formula for age; ocular-motility within Northeastern State University College of Optometry (NSUCO) age- and sex-based norms for ability, accuracy and head and/or body movement; and the absence of ocular pathology.22

	isiZulu PRR Test pre-screening: This screening aimed to identify learners capable of reading the isiZulu words in the test. Seated comfortably at a desk, the learner was presented with the pre-test chart, which was positioned 40 cm from their eyes and maintained using a 40 cm string. As the learners were higher than the desk, their reading posture naturally resulted in a downward gaze, typical of normal reading. The chart was viewed binocularly either unaided or with habitual correction, as each learner’s visual acuity was appropriate for the acuity level of the pre-test chart (4.0M). Learners who successfully read all words proceeded to the reading rate evaluation to establish the reliability of the test.



Procedure for establishing the reliability of the optometric isiZulu paediatric rate of reading test

The necessary testing materials included the isiZulu PRR Test and scoresheet, a stopwatch, a 40 cm string and pens which were available throughout the data collection. Test instructions to each participant were provided in isiZulu and English, and participants were advised not to use their fingers to track words while reading. To ensure consistency with the learners’ schooling materials, version D (2.0M) of the isiZulu PRR test was considered in measuring the reliability of the isiZulu PRR Test. Furthermore, none of the participants had visual acuities incompatible with the chosen version, which was less than 2.0M.

The participant was instructed to read the test chart placed on the desk positioned 40 cm away with the distance maintained with a 40 cm string connected to the chart. Participants were directed to view the chart with both eyes open, adopting a natural downward reading gaze and to read the words aloud as quickly and accurately as possible. Upon being signalled to begin, the participants commenced reading, and the stopwatch was started. Upon finishing the 100 words, the examiners ended the timing. The examiners were able to follow along with the participant using the corresponding version’s scoresheet, with each examiner recording on an individual scoresheet. Errors, including additions, omissions, transpositions or substitutions were noted.11,23 Based on the following formula (Equation 1),4,11,24 reading rate was determined and recorded for each participant on their respective scoresheet.
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The second reading rate evaluation on the same 162 participants was determined one week later (re-test or session two) using the same testing procedure as discussed. The result for each participant was documented on the same scoresheet per examiner but with a different coloured ink pen to identify test and re-test recordings. A one-week interval between the test and re-test, consistent with previous studies,11,25 was used to minimise potential improvements in reading rate because of learning effects from prior exposure to the text. While improvements in reading performance may occur over time, this interval is considered sufficissent to mitigate immediate learning effects that could artificially enhance reliability estimates.

Data management and analysis

The demographic data of the participants and the test and re-test findings per participant per examiner were recorded directly from the scoresheet onto the Statistical Package for Social Sciences (SPSS) (version 23) program (SPSS Inc., Chicago, Illinois, US). The inter-rater and inter-session analysis was based on the Bland and Altman method, one-sample t-test (P < 0.05), and the Intraclass Correlation Coefficient (ICC) at a 95%confidence interval (CI). The classification of ICC levels was as follows: (1) poor reliability < 0.5, (2) moderate reliability 0.50–0.75, (3) good reliability 0.75–0.90, and (4) excellent reliability > 0.90.20,26

Ethical considerations

Ethical approval to conduct this study was obtained from the University of KwaZulu-Natal Biomedical Research Ethics Committee (No. BFC207/16).

Results

The reliability of the optometric isiZulu PRR Test among normally-sighted learners was assessed using Version D of the test through inter-rater and inter-session measurements. Participants’ ages ranged from 6 years and 4 months (76 months) to 14 years and 8 months (176 months), with a mean age of 10 years and 3 months (123 months). The majority of participants were female (68%) and the Grades spanned from two (6.8%) to seven (25.9%). There were no participants from Grades two and four at the isiZulu FAL school, and Grade one from both schools as none of the learners returned the consent forms (Table 1).
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Inter-rater reliability at the isiZulu home language and first additional language schools for the Z and E examiners

The inter-rater reliability measured the agreement between two examiners, one isiZulu-speaking (Z) and the other English-speaking (E) on the same participants at the isiZulu HL and FAL schools using version D of the optometric isiZulu PRR Test. Inter-rater reliability for measurements of total errors, time, and reading rate was assessed on day one (session one – Z1:E1) and again on day seven (session two – Z2:E2). The results were analysed using the Bland and Altman method (Figure 1 and Figure 2) in which the three horizontal lines represent the mean (red solid line) and the upper and lower Limits of Agreement (LoA) with mean ± 1.96 standard deviation (SD) respectively, are represented by dashed lines and set at a 95% CI.
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The Bland and Altman plots depicted in Figure 1 and Figure 2 show that the majority of the categories of total errors, time, and reading rate for both sessions (Z1:E1 and Z2:E2) at the isiZulu HL and FAL schools fall on and within the 95%LoA. The exceptions are for total errors in session one at the HL school (94%, 96/102) and session two at the FAL school (93%, 56/60). These results demonstrate good inter-rater reliability for all measures, particularly total time and reading rate, for both sessions (Z1:E1 and Z2:E2), regardless of whether it is an HL or FAL school.

The ICC and one-sample t-test were performed to assess inter-rater reliability for total errors, time and reading rate by two examiners (referred to as Z and E) during session one (Z1:E1) and session two (Z2:E2) at HL and FAL schools. The results are presented in Table 2.
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As shown in Table 2, the ICCs for all variables were ≥ 0.986, indicating minimal difference between results for total errors, time, and reading rate between the Z and E in both the HL and FAL schools, except for total errors on session one at the FAL school (0.848). This demonstrates an excellent linear relationship between the Z and E examiners for total errors, time and reading rate across both schools and sessions, with a good relationship for total errors in session one. The P-values for all reading measures (P > 0.05) indicate no significant difference in the means between the isiZulu-speaking examiner (Z) and English-speaking examiner (E) in both HL and FAL schools, except for total errors (P = 0.027) and reading rate (P = 0.007) for session one in the FAL school. There is a reduction in the mean difference for total errors and total time between both examiners (Z and E) in session two (Z2:E2) at both schools as illustrated in Figure 1 and Figure 2, except for reading rate. Examiner E made more errors in the HL school, while examiner Z recorded more errors in the FAL school.

In addition, the upper and lower 95% LoA for all reading measures show an expansion in the range for errors, but reduced ranges for total time and reading rate in session two in the HL school.

Inter-session reliability at the isiZulu home language and first additional language schools for the Z and E examiners

In this study, inter-session reliability pertains to the consistency of test results over two sessions conducted by the same examiner on the same participants, separated by a specific period.27 The analysis focused on total errors, time, and reading rate measured by examiners Z and E during two sessions: Z1 and E1 on day one, and Z2 and E2 one week later, using version D of the isiZulu PRR Test. The data were evaluated using the Bland and Altman method (see Figure 3 and Figure 4), ICC, and one-sample t-test (refer to Table 3) at a 95% CI.
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The Bland and Altman plots (Figure 3 and Figure 4) illustrate that the inter-session results for examiners Z (Z1:Z2) and E (E1:E2) lie within the 95% LoA as follows; for total errors, 94%(96/102) and 95% (97/102) in the HL school, and 93% (56/60) and 95% (57/60) in the FAL; for time 98% (100/102) and 99% (101/102) in the HL school, and 93% (56/60) and 92% (55/60) in the FAL school; and for reading rate 93% (95/102) and 91% (93/102) in the HL school, and 95% (57/60) and 97% (58/60) in the FAL school, respectively.

The ICC and one-sample t-test findings for all reading measures for examiners Z and E for both sessions (Z1:Z2 and E1:E2) at the HL and FAL schools are presented in Table 3, giving a measure of the inter-session reliability.

The ICC analysis across reading measures at isiZulu HL and FAL schools reveals consistently significant inter-session results between examiners with minimal variation as reflected by the high ICC values (most above 0.70) and narrow CIs (Table 3). Specifically, at the HL school, moderate associations were observed for total errors (≥ 0.664) and time (≥ 0.709) for both Z and E examiners, whereas at the FAL school, there was a good association for total errors (≥ 0.862) and an excellent association for time (≥ 0.922). Both Z and E examiners demonstrated excellent associations for reading rate (≥ 0.946) at both schools. Nevertheless, significant differences (P < 0.05) were detected in the inter-session means between examiners for all reading measures except for total errors at the FAL school (P > 0.05).

Furthermore, irrespective of the school context, the mean differences in test-re-test sessions for both examiners Z and E indicate higher values for total errors and time in session one compared to session two. Conversely, the reading rate showed higher values in session two.

Discussion

The isiZulu PRR Test was developed for primary school learners, grades one to seven, to be administered to isiZulu HL and FAL school children. The 2017 South African guidelines for compulsory education suggest that children should be between four and six years old for reception grade and seven years old for grade one.28 Typically, grade seven is for students around 13 years old and marks the end of primary school. The age range of participants in this study however differs somewhat from these recommendations being from 6 years and 4 months to 14 years and 8 months, which includes Grades two to seven. This could suggest that younger participants (the 6-year-olds) possibly entered school earlier than recommended and older participants potentially experienced delays in school performance or enrolment. The study sample had a higher number of female participants compared to males, which could be attributed to greater interest among females in participating in the study as well as higher enrolment rates for females in schools.29 In addition, South Africa has a larger female population relative to males,30 which may contribute to the gender disparity observed in this study.

Inter-rater and inter-session reliability

Research defines reliability as the consistency and repeatability of test measurements. It reflects how reliable results of a test can be reproduced when the test is administered again under similar conditions but separated by a time interval (inter-session reliability) or administered by different examiners (inter-rater reliability).27 This concept ensures that a tool is standardised, providing accurate results free from measurement errors.31

The one-week interval between tests in this study aligns with practices from similar research conducted previously.11 The ideal interval for reliability testing is between one day to one month.32 This interval should be long enough to minimise memory effects, but short enough to avoid significant learning effects on test-re-test scores.25 Given that children typically learn about seven new words daily32 and that isiZulu PRR Test used random word placement per line; to counteract the impact of memorisation, a 1-week interval was deemed appropriate for assessing inter-session reliability in this study.

Inter-rater reliability of the Z and E examiners using the isiZulu paediatric rate of reading test

When multiple examiners are involved in administering and recording the results of a tool, the consistency between them is referred to as inter-rater reliability.33 This study evaluated inter-rater reliability by comparing the results of total errors, time, and reading rate of the isiZulu (Z) and English-speaking (E) examiners on the same participants, aiming to determine if the isiZulu PRR Test could be used reliably by different examiners in the future who are not necessarily isiZulu-speaking. As the test was administered on two days (one week apart), inter-rater reliability was established on day one or session one (Z1:E1) and day seven or session two (Z2:E2) for both the isiZulu HL and FAL school children and will be discussed accordingly based on the Bland and Altman, ICC and one-sample t-test statistical analysis.

Some level of inconsistency was observed in the recording of total errors between the Z and E examiners reflected in the Bland-Altman plots (94%, 96/102 and 93%, 56/60) and one-sample t-test (P = 0.027) for session 1 at the FAL school. This variability could be related to the first-time exposure to the recording of errors and the level of experience between the examiners, with the E examiner having more exposure and experience than the Z examiner, hence contributing to the weaker inter-rater agreement for total errors. This inconsistency between examiners was similarly reported in a previous study using the MNREAD Chart, whereby more discrepancy was identified with the novice examiner.34 This ‘interpersonal dynamics’ between examiners may negatively affect objectivity, which can be reduced by including examiners of equal expertise in reliability testing.35 Furthermore, the considerable improvement in inter-rater reliability observed in session two at the HL school suggests that practice and experience make the results of the examiners more consistent and add value to the reliability of the test. A previous study reported that inter-rater reliability may be affected by the ‘learning effect’ or ‘fatigue effect’, with the former showing improvement in recordings between examiners in session two, while the latter reflects a decline.35 It is therefore evident in the current study that the improvement can be attributed to the ‘learning effect’ between examiners. While this may reflect procedural familiarity between examiners, it is also possible that a learning effect occurred among the participants themselves, not only in terms of exposure to the reading text, but also with the testing format and expectations, potentially contributing to more consistent performances. However, as the design of the isiZulu PRR test consisted of random placement of words minimising memorisation of the test content, and that each participant was assessed by both examiners at the same time in the same session, keeping the testing procedure consistent, the impact of participant learning would least likely affect inter-rater reliability and have a greater influence on inter-session reliability or the overall validity of the test with the latter being included in a subsequent article. Following intense scrutiny of the Z and E examiners’ scoresheets, variations in the recording of the type and number of errors between both examiners were observed, such as the recording of transposition as two substitutions, while a substitution may be recorded as one omission and one addition. In both instances, two errors may be recorded instead of one, which can also add to this discrepancy. Pre-test discussion and agreement on recording conventions such as the classification of errors between examiners may help eliminate such discrepancies. Finally, the subtle difference in the words ‘yimi’ for ‘yini’, and vice versa, may go unnoticed or be recorded as a substitution error, thereby affecting the number of errors recorded. A study performed on an isiZulu cohort revealed that subtle differences in spoken words are easily identifiable to a listener from the same linguistic background, in this case,36 the Z examiner. A recommendation to future examiners is to ensure that the environment is free of distractions so that subtle differences are detected. Concepts of semantics, vocabulary, words, and language structure influence the reception of spoken words. While this may have influenced the recording of total errors in this study, the findings do not significantly affect the inter-rater reliability of the isiZulu PRR test. Further, as this study includes primary school children, a 95% CI may prove too stringent for this cohort hence requiring adjustments and clinical judgement.

The Bland-Altman plots, ICCs and one-sample t-test analysis for total time and reading rate display good inter-rater reliability, excellent linear relationship (ICC ≥ 0.986) and no statistical differences between the Z and E examiners at the HL and FAL schools (P > 0.05), except for reading rate (P = 0.007) in session one at the FAL school. As the reading rate is inversely proportional to total error and total time,11,24 the recording of the number of errors and time will affect the reading rate. With the recording of time being consistent between the examiners, the discrepancy then lies in the recording of errors. A careful inspection of the mean difference for total errors at the FAL school reflected that either the Z examiner recorded more errors, or the E examiner recorded fewer errors. This, in turn, may have contributed to a decrease in reading rate determined by the Z examiner or an increase as determined by the E examiner. Together, these recordings may have had an additive effect on the reading rate results. As stated in a previous study, inter-rater reliability and agreement may be affected by the level of examiner training and hence should be factored into the process prior to data collection or usage of the test.37

Finally, the inter-rater results indicate that the reading measures are consistent, as the majority of them fall on and within the 95% LoA with P-values showing no statistically significant difference between the means of the examiners (P > 0.05), while the ICCs for all variables range from 0.848 to 1.000, suggesting good to excellent inter-rater reliability between the Z and E examiners when using the isiZulu PRR Test on isiZulu HL and FAL school participants.

Inter-session reliability of the optometric isiZulu paediatric rate of reading test for the Z and E examiners

Inter-session reliability involves evaluating the same participant multiple times over days, weeks, or months by the same examiner.31,38,39 In this study, measurement was performed by the same examiner (Z or E) testing the same participant on day one (Z1 and E1) and one week later (Z2 and E2), using version D of the isiZulu PRR Test to assess total errors, time, and reading rate. Reliability is presented for each examiner as Z1:Z2 and E1:E2 and analysed using Bland-Altman plots, ICC, and one-sample t-test at isiZulu HL and FAL schools.

The inter-session averages for total errors and time obtained by both the examiners, at the HL and FAL schools, are higher in session one compared to session two (reflected by a positive value). This indicates that the participants made more errors, and took longer to read during session one, with performance improving in session two. This improvement is likely attributable to the participants’ initial exposure to the test stimuli, alongside an adaptive learning effect characterised by increased familiarity with both the assessment items and the testing protocol. Such learning effects may have influenced the outcomes and should be acknowledged as a potential confounding factor when interpreting reading performance improvements across sessions. By incorporating a practice or familiarisation trial before formal testing, participants can become accustomed to the testing format, procedures and expectations, thereby reducing performance improvements attributable to procedural learning.

Furthermore, the Bland-Altman plots for the Z examiner only reflect that 94% and 93% of the inter-session results for total error lie within the LoA in the isiZulu HL and FAL schools, respectively, indicating inconsistencies with the recording done by the Z examiner as opposed to the E examiner. This too could be attributed to the first-time exposure of the Z examiner to the testing conditions, recording of results as well as clinical experience, whereby the E examiner had more years of experience in the administration of similar assessments and clinical practice. Such differences in expertise as well as communication style or procedural familiarity may therefore negatively affect objectivity.35 As suggested for inter-rater reliability, stronger inter-session reliability can be expected with proper training of examiners before administration of the test.35

The inter-session Bland and Altman plots for time recorded by the Z and E examiners at the HL school, fell within the 95% LoA, but did not at the FAL school. The variation in total time could result from incorrect timing by the examiners either starting the timer too soon or stopping it too late, negatively impacting the inter-session recording of total time. Coincidentally with this trend observed for total time by both the Z and E examiners, this discrepancy in sessional results could be attributed to variation in participants’ responses. Such variation influenced by inherent or environmental consequences, such as the development of growth during the period between measurements and an increase in vocabulary, has a considerable influence on the reliability of the results.32,40 Furthermore, reading speed (time) has shown considerable variability over time impacting on reliability results.41

Finally, the mean difference for reading rate indicates a higher result for session two (negative value), supported by the lower number of errors and time in session two. Considering the inverse relationship between total error and time to reading rate,11,24 with its compounding variation of both total errors and time in this session, this could have contributed to the increase in reading rate in session two. This slight inconsistency in the inter-session reading rate results is evident in the Bland-Altman plots at the HL school for both examiners (93% and 91% within the LoA), respectively. A possible explanation could be more exposure of the participants to the isiZulu language in the HL school than the FAL school during that week, which resulted in the improved reading rate observed in session two. In addition, participants’ learning effect, following initial exposure, may have contributed to the improved performance and should be considered when interpreting future results. With the impact of developmental growth during the period between measurements, and the increase in vocabulary of a school child acquiring about seven new words a day,32 hence impacting inter-session reliability, the application of the 95% LoA may not be ideal. Taffé et al. confirm that the width of the LoA for the Bland-Altman plots will apply only if the bias of the test and the measurement is constant with no variability during the entire testing procedure.42 This therefore verifies that a 95% LoA may prove too stringent in the case of reading rate assessment in children hence the acceptability of the inter-session reliability of the isiZulu PRR test for reading rate measurement at the isiZulu HL school being interpreted as good.

While the P-values for all reading measures were statistically significant, reading rate values of less than 10 are considered to be clinically insignificant,43,44 hence clinical relevance outweighs the statistical conclusion.45 Finally, the ICCs for total errors, time, and reading rate revealed moderate, moderate to excellent, and excellent inter-session reliability respectively at HL school, while good to excellent inter-session reliability for total errors, time, and reading rate for both examiners at the FAL school were observed. With the isiZulu PRR test showing inter-session reliability, it is suggested that before any conclusion could be drawn, repeated measurements are encouraged with a smaller interval rather than one week for true reading performance evaluation to reflect stronger reliability.

As noted, the potential for a learning effect among participants must be considered, particularly in repeated testing scenarios. While changing the interval between test and re-test is a common strategy, studies have shown that learning effects can still persist, especially in school-aged children who are rapidly developing cognitive and linguistic skills.32 To mitigate this, standardised instructions and examiner behaviour, can help minimise procedural familiarity. Brief practice trials prior to the first test may also help stabilise early performance variability by allowing pupils to adjust to the testing process without contaminating the actual test data. Furthermore, limiting the visibility of scoring or feedback during testing may reduce behavioural adaptations. These strategies, combined with ongoing examiner training, can support more accurate and generalisable measures of reading performance in paediatric populations.

Conclusion

Clinical implications based on Version D of the isiZulu paediatric rate of reading test

The isiZulu PRR Test was designed with frequently used isiZulu words and optometric factors to assess reading rates in isiZulu-speaking primary school children with or without visual impairment. Analysis, including Bland-Altman plots, one-sample t-test, and ICCs, together with reference to clinical relevance, demonstrated good inter-rater and inter-session reliability for both isiZulu and English-speaking examiners, despite some variations, such as exposure and learning, which may have been encountered particularly in inter-session results. To mitigate such learning effects, common in repeated testing and especially in developing children, standardised instructions, examiner training, brief practice trials and limited feedback during testing can help ensure more consistent and valid results. Overall, the test is effective for evaluating and monitoring reading performance in children from isiZulu HL and FAL schools, supporting visual therapy, reading screening and managing visual impairment with reading devices. Its simplicity, quick administration, and low cost make it suitable for evaluating reading performance in South Africa, especially in rural areas with limited resources and overburdened district eye clinics and embrace the much-needed association between eyecare and education sectors, considering the impact of vision on learning.
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FIGURE 2: Inter-rater agreement represented by the Bland and Altman method with mean difference for total errors, total time and reading rate plotted against their
means one week apart (Z1:E1 and Z2:E2) between two examiners (E and Z) for the isiZulu paediatric rate of reading test on first additional language school children.
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FIGURE 1: Inter-rater agreement represented by the Bland and Altman method with mean difference for total errors, total time, and reading rate plotted against their
means one week apart (Z1:E1 and Z2:E2) between two examiners (E and Z) for the isiZulu PRR Test on HL school children.





OPS/AVEH-85-1077-T2.jpg
TABLE 2: The intraclass correlation and one-sample f-test for inter-rater
reliability of the isiZulu Paediatric Rate of Reading Test on isiZulu home language
and first additional language school children.

School Session Reading Intraclass correlation  One-sample f-test
performance coefficient

ICC  Lower Upper Mean P-value
bound bound difference

HL Total errors 0.992 0.988 0.995 -0.31 0.077
i Total time (s) 0.999 0.999 1.00 0.41 0.204

Reading rate (wpm) 0.998 0.997 0.999 0.04 0.807

Total errors 0.986 0.991 0.998 -0.04 0.842

2 Total time (s) 1.000 1.000 1.000 -0.19 0.107

Reading rate (wpm) 0.998 0.997 0.999 0.20 0.294

FAL Total errors 0.848 0.756 0.907 0.77 0.027
1 Total time (s) 0.999 0.999 1.000 -1.83 0.507

Reading rate (wpm) ~ 0.999 0.998 0.999 -0.50 0.007

Total errors 0.975 0.958 0.985 0.38 0.375

2 Total time (s) 0.993 0.989 0.996 -1.10 0.121

Reading rate (wpm) 0.996 0.993 0.998 0.12 0.747

ICC, intraclass correlation coefficient; FAL, first additional language; HL, home language;
wpm, words-per-minute.
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TABLE 1: The frequency distribution of participants by grade and school.

Grade School
FAL HL Valid total Cumulative
n (%) n (6) " %

2 0 0.00 11 10.78 11 6.80

3 20 3333 20 19.61 40 24.70

4 0 0.00 ik 20.59 21 13.00

5 20 3333 20 19.61 38 23.50

6 0 0.00 10 9.80 10 6.20

7 20 3333 20 19.61 42 25.90
Valid total 60 100.00 102 100.00 162 100.00

FAL, first additional language; HL, home language.
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TABLE 3: The intraclass correlation coefficient and one-sample t-test for inter-session reliability of the Z and E examiners using version D of the isiZulu paediatric rate of
reading test on home language and first additional language school children.

Schools Examiners Reading Intraclass Correlation coefficient One-sample -test
performance Icc Lower Bound Upper Bound Mean Difference P-value
HL 722 Total errors 0.664 0534 0.760 2.78 0.01
Total time (s) 0.709 0.594 0.795 10.29 0.00
Reading rate (wpm) 0.952 0.864 0977 5.75 0.00
ELE2 Total errors 0.671 0539 0.769 3.06 0.040
Total time (s) 0.712 0599 0.797 11.67 0.025
Reading rate (wpm) 0.949 0.855 0976 -4.79 0.000
FAL 222 Total errors 0.862 0.778 0916 188 0670
Total time (s) 0923 0837 0.960 9.97 0.000
Reading rate (wpm) 0.975 0.852 0991 -4.67 0.000
ELE2 Total errors 0.873 0.796 0922 150 0139
Total time (s) 0.922 0.850 0957 9.05 0.001
Reading rate (wpm) 0.980 0.898 0992 -4.05 0.000

ICC, intraclass correlation coefficient; FAL, first additional language; HL, home language; wpm, words-per-minute.
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FIGURE 4: Inter-session agreement for the Z and E examiners using Bland and Altman method, showing mean differences between total errors, total time, and reading
rate plotted against its means one week apart (Z1:Z2 and E1:E2) using the isiZulu paediatric rate of reading test on first additional language school children.
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Note: (a) Total errors (21:22) - version D; (b) total errors (E1:E2) - version D; (c) total time (s) (21:22) - version D; (d) total time (s) (E1:E2) - version D; () reading rate in words per minute (wpm)

(21:22) - version D; (f) reading rate (wpm) (EL:E2) - version D.

FIGURE 3: Inter-session agreement for the Z and E examiners using Bland and Altman method, showing mean differences between total errors, total time, and reading
rate plotted against its means one week apart (Z1:Z2 and E1:E2) using the isiZulu paediatric rate of reading test on home language school children.






