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ABSTRACT
Objective: to analyze the consistency of responses of evaluators and to verify the 
usability of the perception and analysis of SOLAR (Science of Language and Reading) 
Methods: a non-experimental descriptive cross-sectional study. Elementary school 
teachers and  undergraduate students of speech therapy and pedagogy participated 
as the judges. The judges used the SOLAR Scale as an instrument to analyze the read-
ing fluency of twenty audios recorded by elementary school students. Usability com-
parisons were performed using the Kruskal Wallis test and two-by-two comparisons 
using the Mann Whitney test. To analyze the consistency of the responses between the 
judges, the calculation of the interclass correlation coefficient was used. 
Results: the analysis of the reliability of the answers showed an excellent intraclass 
correlation coefficient for all the skills of the Scale. As for the usability of the Scale, 
more than 80% of the participants positively evaluated the assessment. This was veri-
fied through the usability questionnaires which confirmed that it was easy to use, with 
clear guidelines and that users felt comfortable and confident using it. 
Conclusion:  SOLAR obtained good results in reliability and consistency with excellent 
agreement between the evaluators. These results indicated satisfactory reliability of  
the SOLAR items and favorable qualitative ratings from users.
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INTRODUCTION
Reading is a complex mental activity, which requires 

the use of different cognitive processes to achieve the 
interpretation of a written text. Such processes start 
with the understanding that lines are letters and that 
these letters are represented by sounds1.

There are two decoding routes in reading 
processing. The phonological route uses grapheme-
phoneme conversion, translating letters or their 
groupings into phonemes. The lexical route triggers 
reading by representation of familiar words which are 
in the reader’s mental lexicon2-4 and the visual represen-
tation of a familiar word can link to the meaning of the 
word through the semantic system and with that, the 
word can be articulated. The decoding route directly 
influences the reader’s fluency, considering that in the 
lexical route, access to the lexicon is faster, whereas in 
the phonological route, the reader will take more time to 
decode the word, and consequently reading speed will 
be reduced which directly impacts reading fluency5,6.

To achieve the ability to read fluently and under-
stand what is written it is necessary to established 
reading processing routes and all the mental activities 
there are envolved. Reading fluency is the ability to read 
accurately, with a speed similar to that of conversation, 
in order to give expressiveness to what is read7,8. In this 
process, the word sequences are separated into tonal 
groups, with breathing pauses appropriately allocated, 
so as not to compromise the sound of the text and 
divide it into meaningful units.

 According to the National Reading Panel (2000)9, the 
elements that make up reading fluency are accuracy, 
automatic processing (speed) and expressiveness. 
Accuracy refers to the ability to read correctly and 
accurately8,10. From the moment the reader manages to 
consolidate his reading, it develops quickly and without 
substantial effort. The reader will be able to allocate their 
cognitive resources to the ability of fluency and to make 
use of prosodic resources, printing melodic intonation, 
use of pauses and emphases in appropriate places, in 
addition to creating expressive sentences, which will 
help in understanding the meaning of the text11.

After the publication of the National Reading Panel 
report9, different authors and researchers in the field 
of education have studied the importance of reading 
fluency to the literacy process and its relationship with 
academic success. Students who have difficulties 
in maintaining reading fluency with adequate speed 
and expression of the different modalities of a text, we 
can see that for the process of reading to be carried 

out properly the cognitive skills responsible for the 
attentional mechanisms are generally task-oriented, 
decoding the words. For this reason, current studies 
show that the selective attention needed to understand 
the text will consequently be lower, which will influence 
the interpretation of the message read12-16.

This scenario and the impact of reading fluency 
during the academic years gives one the ability 
to realize the huge importance of evaluating and 
monitoring students throughout their school years. 
Health and education professionals trained in the use 
of strategies that aim to help children in the devel-
opment of this fluency during reading, commonly use 
different ways to assess each predictive skill, such as 
accuracy, speed and expressiveness. Reading speed, 
i.e., the number of words the reader can read in a 
given time, can be objectively determined by analyzing 
the number of words read in a one-minute interval 
(WPM). Likewise, when analyzing the number of correct 
words read in this same interval (WCPM), an objective 
measure of accuracy is obtained17. The expressiveness 
measures concerns the way the reader interacts with 
the text, demonstrating emotions and attitudes when 
reading7. Studies attempt to understand this, based 
on the objective analysis of phonetic parameters, such 
as voice intensity, melodic variation and the temporal 
organization of speech18.

Objective and subjective assessment strategies 
have emerged as the scientific community has 
advanced studies in the areas of reading fluency. 
As an alternative that is easily accessible and appli-
cable by teachers, parents and different professionals 
concerned with students reading, subjective scales are 
presented with the aim of evaluating through recorded 
or instantaneous  reading, in a single instrument and 
without the need for specific training, the predictive 
skills of fluent reading7.

Currently, among the instruments described 
in various studies, three of them stand out in the 
assessment of elementary school students. The 
National Assessment of Education Progress - NAEP was 
created in 2002 by the US Department of Education and 
allows for the assessment of a student’s reading ability 
in four distinct reading levels, requiring the evaluator to 
judge the reading and classify it accordingly with the 
corresponding level19. The Multi-Dimensional Fluency 
Scale - MDFS, developed by Zutell and Rasisnski in 
1991, attempts to assess children and adolescents 
based on four areas of reading fluency, allowing the 
sum of the scores of a Likert scale that will guarantee 
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a classification of reading development between 
restricted and complete20. In 2015, Alves, Lalain, 
Ghio, & Celeste21 translated the MDFS into Brazilian 
Portuguese and French In order to assess the instru-
ment’s internal validity in other languages, the authors 
presented recordings of readings from 10 dyslexic 
students and 10 normal readers to 10 French judges 
and 10 Brazilian judges. The result was that the study 
showed that the evaluators of both groups had similar 
scores, in addition to evaluating the dyslexic students 
with a low score, and normal readers with a high score. 
Consequently the purpose of the study purpose was 
achieved.

The scales were proposed and developed  based 
on English language readers. Therefore considering 
the specific characteristics of Brazilian Portuguese, 
an instrument was developed by Alves & Celeste7. 
The reading perception fluency scale allows for the 
assessment of students’ reading fluency through five 
domains, namely: fluidity, pauses, speed, expres-
siveness and intonation. The student’s reading can 
then be judged using a Likert scale with a score from 
one to five, which will allow the classification of reading 
competency as undeveloped or fully developed7.

Alves and associates developed a previous 
study with the scale and identified low agreement 
among judges in some of the evaluated parameters, 
suggesting a possible difficulty in differentiating 
between them1. Four elementary school teachers, four 
parents of elementary school students and four speech 
therapy undergraduate students took part in the study. 
The judges were instructed to analyze 10 audios with 
readings by students with different classifications of 
reading fluency. Participants did not receive prior 
training on how to perform the analyses. From these 
results, a reduced format of the scale was developed 
with the objective of increasing the agreement of the 
answers among the judges in the evaluation through 
the tool. In this new model called Scale of Perception 
and Analysis of Reading Fluency – SOLAR, the authors 
grouped the skills fluidity and pauses, in addition to 
Intonation and Expressiveness22.

Considering the importance of monitoring and 
evaluating the reading fluency of students during their 
school years and the role played by subjective scales 
with the expansion of access for parents, students 
and professionals, this study aimed to analyze the 

consistency of responses between raters and verify the 
usability of the SOLAR Scale.

METHODS
This is a non-experimental descriptive cross-

sectional study approved by the Research Ethics 
Committee of the Federal University of Minas Gerais 
– UFMG, Brazil,  opinion no 4.453.235. All participants 
signed a participant’s information and consent form 
(FICF).

Elementary School teachers, speech therapy 
undergraduate students and pedagogy were invited 
to participate in the study, acting as judges of the 
audios to be evaluated. The recruitment of participants 
was carried out by advertising  in colleges running 
courses of interest, as well as on social networks and 
in elementary schools. Data collection was carried out 
between November 2020 and March 2021.

Participants of both sexes who had signed the 
consent form participated in the training on how to 
use the scale and performed the assessments through 
Google online form. The groups studied were as follows, 
a teachers group composed of teachers from the 2nd 
to 9th grades of elementary schools of both public 
and private schools in Belo Horizonte and region and 
from Brasília, Federal District, with experience varying 
from between 1 and 30 years of experience. A group 
of speech language pathology students composed 
of students enrolled from the fifth period of the under-
graduate course in speech language pathology at the 
federal university of Minas Gerais. A group of pedagogy 
students comprising of students enrolled from the fifth 
period of the undergraduate course in pedagogy in 
Belo Horizonte and region and from Curitiba - PA.

Participants who did not have internet access or 
who were not available to carry out the training given 
before filling out the online form, or did not fully comply 
with the evaluations of the audios, were excluded from 
the research.

The stages of the study were as follows selection 
and randomization of the audios, organization of the 
SOLAR scale as an online form, a training course for 
evaluating reading samples from the scale, and evalu-
ation by judges of the reading samples and the usability 
of the tool.

To achieve the objectives of the study the partici-
pants used the SOLAR scale as an assessment tool 
(Figure 1)22.
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Figure 1. Reduced version of the perception of reading fluency Scale in printed format
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listened to audio readings lasting approximately 60 
seconds. Each audio was  numbered using a numerical 
sequence from 1 to 20 and which was to be evaluated 
in the form section numbered with the equivalent 
numeral.

After evaluating all the readings, the judges 
answered the System Usability Scale - SUS25 in order 
to assess their way of accessing the content of the tool 
used. The scale consisted of 10 confirmation state-
ments with scores on a Likert scale ranging from 1+ 
(strongly disagree) to 5+ (strongly agree). In addition 
the participants answered nine yes and no questions 
about the System Acceptability Scale. The question-
naire aimed to evaluate the tool used in the study.

All the data was entered into an Excel spreadsheet 
created by the researchers and analyzed by running it 
against SPSS, a statistical software package.

To analyze usability by group of participants, a 
continuous variable was created that took into account 
the sum of the scores of each item presented, in which 
the values 4 and 5, neutral 3 and negative 0 and 1 were 
allocated.

To compare the usability results between the three 
groups, the Kruskal Wallis test was used and two-by-
two comparisons were made using the Mann-Whitney 
test.

To assess the consistency between raters in order 
to answer the study’s guiding question “Is there consis-
tency in the use of the Scale between raters?” the intra-
class correlation coefficient (ICC) was calculated. In this 
analysis, the proposals of Lii Koo26 were followed, as 
follows: CCI less than  0.5 are poor, values between  0.5 
and 0.5 are moderate, values between  0.75 and 0.9 are 
good, and values greater than 0 .9 are excellent.

RESULTS
The study included 56 judges, aged between 

20 and 56 years of age who were residents of Belo 
Horizonte and surrounding region, Curitiba and 
Brasília. Participants were divided into three different 
groups, 21 teachers from the 2nd to 9th grades of 
Elementary School (37.5%), 25 speech therapy under-
graduate students  (44.6%) and 10 students from an 
undergraduate course in Pedagogy (17.9%).

To analyze the reliability and consistency between 
the raters, the intraclass correlation coefficient 
(ICC) was calculated for each skill assessed by the 
instrument, which reached an excellent degree26 for all 
measures of the scale (Table 1).

Since this study was carried out during the 
COVID-19 pandemic, social distancing made it impos-
sible to have meetings in person which would have 
utilized the printed scale to analyze the selected 
audios, therefore it was necessary to convert the scale 
to a digital format, transforming it into a Google form, 
which made it possible to expand the study group to 
participants in different regions of the country. With this 
new format, we tried to maintain the original design of 
the scale, using all the explanations of competences 
and assessment parameters, in addition to the colored 
scale for each existing level.

As an object of the reading fluency analysis, audio 
files from a database of 20 Elementary School students 
were used as a sample with 10 proficient readers and 10 
students with a diagnosis of developmental dyslexia23.

The following reading parameters were analyzed, 
according to the scale, fluidity, speed and expres-
siveness. The judges were responsible for listening to 
the students’ recordings and to use the scale to classify 
each parameter of the evaluated audio from 1 to 5.

The files contained recordings of students reading 
a simple text24 aloud in a natural manner and the 
recordings were saved as .wav files without identifying 
the students. To organize the audios for analysis, a 
randomized sample was selected using Excel software.

Before starting the assessments, all the judges 
took part in online training on how to use the SOLAR 
Scale. The course consisted of a 40-minute lesson in 
which the researchers introduced the judges to the 
concept of reading fluency, as well as its components 
and also a presentation of the scale together with its 
objectives. In addition to the above the three param-
eters were evaluated and how they could be classified 
were explained. To show this audios were played that 
exemplified each one of them and their different forms 
of classification.

Microsoft Teams and Google Meet apps were 
used to carry out the course and the participants 
could answer questions related to the assessment of 
reading fluency and about using the scale itself. All 
questions asked by the participants were discussed 
and answered.

After completing the course the judges completed 
the reading fluency assessment step, answering the 
scale as presented in Google Forms. At this stage each 
participant received two links, one corresponding to 
the scale in a digital version, and the other with access 
to audios stored in a Google Drive folder. Each judge 
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Overall, more than 80% of the participants positively 
evaluated the usability of the scale. Regarding the 
aspect of confidence in using the scale only 7.2% of the 
participants (3 judges from the teachers category and 1 
judge from the category of undergraduate students in 
Pedagogy) did not feel confident using the instrument. 
In addition, 5.4% of the judges (including 2 from the 
teachers category and 1 judge from the undergraduate 
students in speech language pathology and audiology) 
consider that a steep learning curve was required to be 
able to deal with the scale.

To analyze the usability by groups of participants, a 
continuous variable was created that took into account 
the sum of the scores for each item presented in the 
previous table. The Kruskal Wallis test showed a statis-
tically significant difference between the three groups 
(X2=30.217; p<0.001). When comparing two by two 
using the Mann-Whitney test, it was found that the 
group of speech language pathology students had 
the highest score, followed by the group of pedagogy 
students and the group of teachers, with the lowest.

Table 1. Intraclass correlation coefficient for the items of the perception of reading fluency scale

Intraclass correlation coefficient p-value
Fluidity 0.997 <0.001
Expressiveness 0.995 <0.001
Speed 0.996 <0.001

All the participants reported that they had enjoyed 
using the SOLAR Scale and felt motivated to continue its 
use when necessary, and that they would recommend 
the scale. Of the 56 participating judges, 98.2% 

consider the scale to be useful and that its guidelines 
were considered to be clear and easy to understand 
(Table 2).

Table 2. Description of the applicability and usability of the reading fluency perception scale for teachers and speech therapy undergraduate 
students and pedagogy (n=56)

Strongly 
Disagree

Partially 
Disagree Neutral Partially Agree Fully Agree

I think that I would like to use this 
product more often.

0 (0.00%) 0 (0.00%) 7 (12.50%) 8 (14.30%) 41 (73.20%)

I found the product easy to use.. 0 (0.00%) 1 (1.80%) 10 (17.90%) 11 (19.60%) 34 (60.70%)
I suppose most people would find this 
product quick to learn.

4 (7.10%) 1 (1.80%) 6 (10.70%) 11 (19.60%) 34 (60.70%)

I felt very confident using the product. 3 (5.40%) 1 (1.80%) 13 (23.20%) 21 (37.50%) 18 (32.10%)
I found the product more complex than 
necessary.

40 (71.40%) 10 (17.90%) 5 (8.90%) 0 (0.00%) 1 (1.80%)

I think that one would require help 
from a technician to be able to use this 
product. 

32 (57.10%) 13 (23.20%) 8 (14.30%) 2 (3.60%) 1 (1.80%)

I found that this product had many 
inconsistencies.

41 (73.20%) 9 (16.10%) 3 (5.40%) 2 (3.60%) 1 (1.80%)

I found the product very complicated 
to use.

46 (82.10%) 7 (12.50%) 1 (1.80%) 0 (0.00%) 2 (3.60%)

I had to learn a lot before I could 
successfully utilize the product.

25 (44.60%) 12 (21.40%) 16 (28.60%) 2 (3.60%) 1 (1.80%)

The items in blur are considered positive and those that received scores of 4 and 5 in orange.
The neutral items that received a score of 3 and in red, items considered negative and that received a score of 1 and 2.
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The result of the consistency of responses between 
the evaluators showed the judges that the grouping of 
the parameters pause and speed and intonation and 
expressiveness of the reduced scale were essential, 
considering that in a research carried out before this 
one1, in which the judges used the full scale for evalu-
ation and did not receive any prior training on the 
use of the application, the agreement result obtained 
from the speed parameter was moderate agreement 
and the expressiveness was unsatisfactory, thus also 
completing the need for training for the effective use 
of the scale. The comparison between the studies 
carried out makes the authors consider the availability 
of the instrument together with previously documented 
material that aims to train those who aim to use the scale 
to assess or monitor the reading ability of students.

It is evident that among the groups of judges, the 
speech language pathology students had a greater 
knowledge about reading fluency, considering the 
entire approach to the topic during their training, which 
allows the correlation of some domains used for the 
assessment through the used scale. The reduction of 
the domains present in the scale of this study allowed 
the judges of both groups to assess the reading 
speed parameters, together with the assessment of 
pauses, allowing for a single and direct assessment 
to identify fast or slow reading,  as well as the recog-
nition of inappropriate pauses. The same happened 
with the intonation and expressiveness parameters, 
which allowed, in a single domain, the evaluation of 
the melodic variation of reading (intonation), and also 
the student’s interaction with the text and its expres-
siveness. In this scenario, the study established its 
objective by obtaining excellent results in the corre-
lation between the judges’ evaluations, reinforcing the 
premise of the reliability of the use of the scale as a safe 
tool for the assessment of reading fluency in elementary 
school students.

Table 3. Comparison of continuous variables of applicability and usability (25) of the reading fluency perception scale between the 
delimited groups (n=56)

Teachers Pedagogy Students Speech Therapy Students
Average 35.00 40.00 42.64
Median 36.00 40.00 43.00
Standard Deviation 5.14 3.80 1.87
Minimum 24.00 34.00 39.00
Maximum 42.00 45.00 45.00

As for training to use the Scale, all participants 
reported that the guidelines received were useful for 
their day to day lives.

DISCUSSION

Reading fluency assessment is widely recom-
mended by educational institutions in countries such as 
Australia, the United States and the United Kingdom. 
For the subjective assessment of this ability, studies 
have shown the efficiency of using assessment and 
monitoring scales1,7,19-21.

The results in this study reached through the 
descriptive analysis of the usability of the reduced scale 
showed that the group of speech language pathology 
students had a higher score of the sum of the values 
of the system usability scale - SUS when compared 
to the group of pedagogy students. This fact may be 
related to the greater workload of topics related to 
reading fluency in the curriculum of the undergraduate 
courses, with speech language pathology students 
being more familiar with the study of reading fluency 
in their educational practice. The teachers’ score 
was lower compared to the other two groups, and it 
is possible to assume that the teachers direct their 
observations more towards the content read (compre-
hension) and aspects related to the decoding and word 
recognition, consequently they may pay less attention 
to the assessment and monitoring strategies of reading 
fluency during their academic training, which means 
that these instruments are not commonly used in their 
professional practice, as reported by other authors27. 
Furthermore it can also be assumed that professionals 
may not have recognized fluency as a primordial 
content28 or they may have considered that the analysis 
of reading fluency is an area of activity for the speech 
therapist. These findings reinforce the importance of 
educational speech language pathology, especially 
when monitoring fluency in the school environment.
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The excellence of the result of the intraclass corre-
lation coefficient (ICC) points to the effectiveness of 
the perception and analysis of the reading fluency 
scale (SOLAR), which can be widely used to assess 
and monitor the reading fluency of elementary school 
students. The Scale is freely accessible and can be 
used by educators and health professionals alike 
involved in the learning process and even by parents or 
the student themselves.

It is important to highlight the fact that for the efficient 
use of the scale students must be offered a text appro-
priate to their age and educational level, because if not 
and the text is beyond or below the student’s capacity 
the results obtained may present results that are not 
consistent with the actual performance of the student. 
The scale can be used both in a clinical setting, in a 
school environment or at home when used by parents. 
Reading should always be in context, that is, full texts, 
so that it is possible to monitor all the reading param-
eters (fluidity, speed and expressiveness) and in 
individual observation1.

Resolution No. 309/2005 of the Federal Council of 
Speech-Language Pathology (CFFa) points out that the 
role of the educational speech language pathologist is 
to develop training and advice, through clarifications, 
lectures, guidance, and case studies among others29. 
Therefore, this study clearly shows the importance of 
the practice of educational speech language pathology, 
considering that the speech language pathologist can 
offer educational professionals the theoretical support 
on reading fluency, contributing to the change of 
pedagogical conduct when necessary, favoring the 
direction of the teacher’s gaze and contributing for the 
development of the student30,31.

In addition the liaison between the speech therapists 
and educator appears as a way to ensure a more global 
and specialized assistance and caring for students, with 
the development of pedagogical practices that take into 
account the entire construction of the skills necessary 
for fluent reading, guaranteeing the improvement of 
students31.

The excellent response from the judges and the 
usability of the instrument highlights that the present 
study brought a contribution to the scientific and 
academic world and presented an effectiveness in 
the use of a studied and developed tool for Brazilian 
Portuguese. The study highlighted that the SOLAR 
Scale is very accessible with little need to expand 
theoretical knowledge on the subject, in addition 
to what is offered in training. In addition, it can be 

included in the professionals’ routine, which will allow 
both monitoring and detection of reading difficulties, 
favoring early interventions and monitoring of the child 
throughout the school years.

Some limitations of the study need to be considered, 
such as the restricted number of participants and 
it would be beneficial to expand the study to other 
health care professionals working in education, such 
as psychologists, in addition to parents and students 
themselves, which could include usage of the tool in 
the home environment and in tutoring situations. In 
addition, there is  important new research that confirms 
the isolated effect of training, in which one group 
receives guidelines for using the scale and the other 
uses it without prior training.

CONCLUSION

SOLAR achieved good indicators of reliability and 
consistency, with excellent agreement between the 
evaluators. In addition, it was highlighted throughout 
the usability questionnaires that this is an easy-to-use 
scale, with clear and easy-to-understand guidelines, its 
users feeling comfortable with and confident to use it. 
Such results showed not only satisfactory reliability of 
the SOLAR items, but also favorable qualitative evalua-
tions from users. 
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