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Abstract 

Oral reading fluency (ORF) is a good index of the reading skill level, measured as the number of words read 

correctly per minute (WRPM). However, ORF tests are not available in many languages. This study tested if the 

mean of WRPM could be estimated in languages for which ORF tests have not been developed by using free 

text-to-speech software. Mean time taken by Google Translate (GT) to read out loud 10 texts in 16 languages 

from the International Reading Speed Texts was compared with the mean time taken by human participants. An 

English/Other languages ratio was obtained for both reading systems. Both ratios were highly similar, showing 

that GT is a valid tool to estimate mean WRPM in multiple languages.  

Keywords: Oral reading fluency; International Reading Speed Texts; text-to-speech software; cross-cultural 

assessment. 

1. Introduction 

Reading skills are fundamental to learning. It has been shown that poor readers struggle more at school. Reading 

ability has been tested with different parameters like accuracy, speed, prosody, or reading comprehension. Oral 

reading fluency (ORF), defined as “the oral translation of texts with speed and accuracy” [1], is one of those 

testing procedures. It has been deemed as a quick and easy informative testing technique. Asking a participant to 

read a short paragraph could be enough to estimate their ORF score. Research has shown that reading 

comprehension, learning, intelligence, school performance, and educational level [2, 3] are strongly related to 

ORF [1, 4, 5, 6]. Several studies have shown that ORF is a good predictor of reading comprehension at all levels, 

namely, elementary grades [7], secondary [8], and postsecondary levels [9]. Moreover, this relationship holds 

across languages. Similar results have been found in Korean [10], Norwegian [11].  
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Portuguese [12], Spanish [13], and Turkish [14]. Evidence from neuroimaging studies demonstrates that there 

are common cognitive mechanisms and neural networks for reading across languages, independently of the 

writing system. Readers of Spanish, English, Hebrew, and Chinese showed extensive convergence of printed 

and spoken language processing in many areas, including both cortical [bilateral inferior frontal gyrus, bilateral 

middle temporal gyrus to superior temporal gyrus, left inferior parietal lobule and subcortical (bilateral insula, 

putamen, thalamus) regions associated with both phonological and semantic processing [15, 16]. Furthermore, 

empirical evidence shows that there are reading universals and data shows that dyslexia manifests similarly 

across languages showing the same pattern of brain dysfunction [17].  

ORF is therefore found at the base of a process: adequate ORF allows good reading comprehension which, in 

turn, allows adequate academic achievement. Academic achievement ultimately leads to better personal and 

social development and higher earnings [18, 19, 20, 21, 22]. 

The largest initiative to test ORF across languages is the International Reading Speed Texts 

(IReST) which tests ORF in 17 languages [23]. The IReST consists of 10 texts for which normative data of 

words read per minute in each one of these languages have been developed. However, they represent only a 

small fraction of the more than 7,000 existing languages [24]. This situation marginalizes a huge population in 

the world that does not speak languages for which ORF tests have been developed. Unfortunately, developing 

ORF tests for many languages is not feasible mainly because of the lack of resources and the great variety of 

languages in many cultural environments. For example, there are 270 languages in India, which is a lower 

middle-income country according to the World Bank [25]. Out of these 270 languages, there are reading fluency 

tests only for English and Hindi [26]. Moreover, the test in Hindi is only for participants with up to three years 

of education. In South Africa, there are 11 official languages. Xhosa is one of the most spoken languages in the 

country and it is taught at schools in South Africa. However, these authors were unable to find any normative 

data on reading fluency in that language. In some countries, there is only one official language spoken by most 

people (e.g. Romania, Slovakia or Latvia). Thus, if there is no reading fluency normative data in that language, 

then the entire population of that country cannot be assessed. 

 Therefore, finding a method by which normative data for ORF tests in multiple languages can be 

derived from existing tests with normative data could have a significant impact on the educational field. This 

study shows that the mean of words read per minute can be estimated in languages for which ORF tests have not 

been developed by using free text-to-speech (TTS) software. This methodology is validated by comparing the 

performance of a text-to-speech software with existing ORF empirical data. 

2. Methods 

3. Materials 

Ten texts from the IReST for the following 16 languages were included in this study: Arabic, Dutch, English, 

Finnish, French, German, Greek, Hebrew, Italian, Japanese, Turkish, Polish, Portuguese, Russian, Spanish, and 

Swedish. 
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4. Procedure 

First, time taken to read each text by Google Translate (GT) was recorded. Each text was copied into Google 

Translate, then the software was asked to read each text translation aloud. Second, English was used as the 

reference or anchor language because most ORF studies were developed in English and English is one of the 

languages in which the number of words read per minute is higher. A ratio of words read per minute in 

English/Other languages was calculated for each one of the ten texts, using means provided by Trauzettel-

Klosinski, Klaus Dietz and his colleagues (Trauzettel-Klosinski & Dietz, 2012). That investigation utilized 

newly created texts to evaluate the reading speed of a group of 436 individuals with normal vision who were 

native speakers of their respective languages. Each language had 25 participants, except for Japanese which had 

36 participants. None of the texts were familiar to the readers. The participants, aged between 18 and 35, 

underwent an ophthalmologic/optometric examination to confirm normal or corrected-to-normal vision. Then, in 

this research, a mean of the ten ratios was obtained. This mean ratio allowed for the calculation of how many 

words per minute can be read in a specific language as compared to English. For example, the 

English/Portuguese mean ratio was 1.2, which means that for every word read in Portuguese, English readers 

can read 1.2 words. Next, a ratio of words read per minute in English/Other languages was calculated for each 

one of the ten texts using the means provided by the GT readings. Then, a mean of the ten ratios was obtained.  

5. Results 

Figure 1 shows the comparison between the mean time taken to read the ten texts in each language by 

participants in the Trauzettel-Klosinski, Klaus Dietz And his colleagues study and the mean time taken to read 

the ten texts in each language by GT. The correlation between both measures is r= .78. The most important 

differences were in Portuguese, Russian, and Hebrew in which GT read below the expected rate and Japanese, 

French, and Dutch in which it read at a higher speed than expected. 

 

Figure 1: Mean time taken to read the ten IReST texts in each language by participants in the Trauzettel-

Klosinski And his colleagues study and the mean time taken to read the texts in each language by Google 

Translate. 
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Figure 2 displays the ratios obtained between the mean time taken to read the ten texts in each language by 

human participants/GT. The ratios are all within the 1-2 range, which means that for every word read by human 

participants, GT reads between 1.36 (French) and 1.82 words (Hebrew). 

 

Figure 2: Ratios between the mean time taken to read the ten texts in each language by human participants / 

Google Translate. Each ratio was obtained by dividing the mean time taken by participants / mean time taken by 

Google Translate. 

Table 1: Comparison of ratios to English between IReST research participants and Google Translate. 

Languages Ratio to English from IReST 

participants 

Ratio to English from Google Translate 

ARA 1.67 1.58 

GRE 1.14 1.22 

FIN 1.41 1.65 

POL 1.37 1.43 

TUR 1.38 1.62 

GER 1.27 1.37 

POR 1.26 1.44 

RUS 1.23 1.46 

HEB 1.22 1.50 

ITA 1.22 1.22 

JAP 1.19 1.11 

FRE 1.17 1.08 

SWE 1.15 1.14 

DUT 1.13 1.09 

SPA 1.04 1.14 

Note. This table shows the ratios English/Other language obtained with the Google Translate and the 

International Reading Speed Texts study human participants. These ratios express how many words are read in 

English for each word read in other languages, i.e. Google Translate will read 1.58 words in English for each 

word read in Arabic. 

Table 1 shows the ratios to English obtained from the IReST and GT. As observed, the differences between the 

ratios obtained with both systems are small. In all cases, the difference is a matter of one-hundredth of a word. 

For example, the ratio obtained from the IReST for German is 1.27, whereas the ratio obtained for the same 
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language from the GT is 1.37. Table 2 exhibits the difference in the ratios to English obtained with both systems 

(IReST and GT). That difference was multiplied by the mean obtained in each language by the participants in 

the IReST study (second column). The last column shows the standard deviations obtained in each language by 

the participants in the IReST study. This procedure allowed us to establish the difference in the number of words 

produced as a result of the use of the ratio obtained from the GT. This number is within one standard deviation 

of the values obtained by the participants in the IReST research in all the cases, except for the last three 

languages in the list: Turkish, Finnish, and Hebrew. However, in these languages, the product exceeds one 

standard deviation criterion only by 1, 7, and 5 words, respectively. 

Table 2: Difference between ratios to English obtained with GT and IReST participants. 

Language Difference Diference x mean Standard Deviation 

FRE -0.09 -12 26 

ARA -0.09 -10 20 

JAP -0.08 -12 30 

DUT -0.04 -6 29 

SWE -0.01 -1 34 

ITA 0.00 0 28 

POL 0.06 8 23 

GRE 0.07 15 24 

GER 0.09 12 17 

SPA 0.14 20 28 

POR 0.17 23 29 

RUS 0.23 28 32 

TUR 0.23 26 25 
FIN 0.24 25 18 
HEB 0.28 34 29 

Note. This table shows the difference between the ratio English/Other language obtained with the Google 

Translate and by human participants in the International Reading Speed Texts study. The third column shows 

the result of the multiplication of this difference by the mean obtained by human participants. The last column 

shows the standard deviations obtained by the human participants. These results show that the values in the third 

column are within one standard deviation in all the languages except for the last three (numbers in bold letter). 

6. Conclusions 

The data in this study show that obtaining a ratio of English/Other languages with GT is highly similar to the 

ratio obtained with human participants. The progression shown in Figure 1, which displays ratios between the 

mean of words read per minute by human participants and GT; the high correlation between means shown in 

Figure 2; and, ultimately, the differences in the ratios obtained with both systems demonstrated that GT is a 

valid tool for estimating the equivalence in reading fluency in a given text between English and other languages. 

Although English was the anchor language in this study, any other language could have been used as the anchor 

since the data shows that the reading fluency relationship that exists between human participants reading in 

different languages is highly similar to the reading fluency relationship of a TTS software program reading in 

different languages. The differences in the ratios existing between both systems are insignificant as shown in 

Table 2 since most of them produce a difference that would exist in human participants reading these texts. The 

few cases over one standard deviation are exceeded by very few words, which makes them insignificant. 
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The most important impact of this study is that ORF can be estimated in languages for which ORF tests do not 

currently exist. For example, normative data for Spanish could be derived from the normative data obtained for 

an ORF test developed in English. The text of the ORF test is entered in GT and the time taken to read in 

English and Spanish (translation of the original text) is recorded. Then, the words read per minute in each 

language are estimated with the following formula: (60 x (number of words of the text))/the time GT takes to 

read the text. Next, the ratio can be computed as (English WRPM by GT/Spanish WRPM by GT). If, for 

example, the resulting ratio was 1.14, it means that for every word read in Spanish, it is expected that 1.14 

words are read in English. Thus, if the mean words read per minute obtained by the normative data participants 

in English was, for example, 236, then the estimated mean of WRPM for the Spanish version of that text would 

be 207 (236/1.14). The same procedure can be performed with any other language for which TTS is enabled in 

GT. 

The ratios obtained with IReST and GT are alike therefore the error is insignificant. This is demonstrated in 

Table 2. This error is within one standard deviation of the values obtained by the participants in the IReST, 

which represents the normal variability in their reading. In the few cases in which the one standard deviation 

criterion was exceeded, these values were within 1.5 standard deviations, which is also considered within 

normal variability. In addition, the standard deviation in the target language can also be estimated with the same 

procedure described above by entering, in the last step, the standard deviation from the normative data instead of 

the mean. 

GT was selected for this research because it is the most popular, sophisticated, and easiest-to-access TTS 

software. It is a free software program and, as such, any person with Internet access can utilize it. There are 

sufficient studies supporting its development accuracy [27, 28, 29] and its function in over 100 languages, 

although developers plan to expand it to 1,000 languages [30]. Although TTS is not enabled for many languages 

that GT can translate, it is still the most comprehensive TTS software with currently 30 languages enabled. 

Although it was beyond the scope of this study, other TTS software might work as well. 

The impact of this new methodology is multiple. It can help in the development of multiple ORF tests in many 

languages in which currently there are no such tests. This, in turn, will allow early detection of reading 

difficulties which allows early intervention. Some authors advocate the use of ORF for multiple purposes in the 

educational field, namely, screening, diagnosis, progress-monitoring and outcome [31]. Using ORF as screening, 

for example, can aid teachers in promptly recognizing students who are probably progressing well toward 

achieving future success in overall reading proficiency, while also identifying those who might require 

additional support. This can help solve individual difficulties as well as group difficulties. Slow progress in ORF 

can result in changes in the instruction program if group results are poor. As mentioned before, ORF is one 

contributing element found at the base of the pyramid that contributes to personal success and social 

development. 

The procedure is simple, inexpensive, and quick to implement. Many ORF tests can be derived from currently 

existing tests. The only requirement is an accurate translation, for which GT becomes a valuable tool. 



International Journal of Computer (IJC) - Volume 49, No  1, pp 98-106 

104 

Another benefit of using this method is the possibility of including the world regions in which the resources for 

education and science are scarce. Moreover, it can help in the inclusion of language minorities in developed 

countries. Educational and/or health-related assessments of participants in their first language constitute a step 

forward in social justice and inclusion of diverse populations. 

In addition, ORF has been used in neuropsychology to estimate the educational level of test subjects [2]. 

Education is a powerful variable that influences neuropsychological test performance: Therefore, it is very 

important to determine the educational level of test subjects. Educational level can be defined as “the level of 

cognitive development attained as a consequence of the education received” [2]. Although educational level has 

often been estimated by counting the number of years spent in school, educational level is currently considered 

more complex than the number of years in this estimation [32, 33]. ORF is a simple, short, and powerful way to 

estimate educational level. The procedure described in this study would allow for easy estimation of educational 

level in multiple languages based on simple existing ORF tests. This is particularly important for 

neuropsychologists testing immigrants and refugees since information about their educational background may 

not be as easy to obtain and many may have lower education. Estimating the educational level in populations 

with lower education is critical as it varies significantly among them.  

In summary, this study presents a method by which ORF tests can be developed in different languages derived 

from existing tests by using freely available TTS software. The data presented supports the accuracy and 

readiness of the methodology. The potential benefits of the application of this methodology are manifold. 
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