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Abstract 
 

The article actualizes the contradiction between practical relevance and insufficient development of 

technologies to monitor the educational achievements of students with mental retardation. The objective of 

the study is to determine the possibility of using a modified Russian-language version of GOM technology 

(measuring the overall result) for monitoring reading skills in students with moderate mental retardation on 

a touch screen (tablet computer). Empirical data were obtained both by the method of choosing (indicating) 

the correct option from the three proposed for selection (the requirement of GOM technology), and by the 

generally accepted method of assessing reading skills - reading aloud. The survey by pointing to the correct 

option was carried out using a computer program on the touch screen. To determine the reliability using 

the methods of statistical analysis, differences or coincidences, as well as the interdependence (correlation) 

between the stable results of showing two inclusions over a short period of time, were revealed. As a result 

of the study, it was concluded that the task sets developed in the Russian version taking into account the 

GOM requirements for monitoring reading skills of students with moderate mental retardation on a tablet 

computer are reliable and relevant. Despite the specifics of literacy in different languages and in different 

cultural contexts, a number of requirements for the monitoring procedure defined in the framework of GOM 

technology are universal.  
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1. Introduction 

In connection with the inclusion of students with significant cognitive disorder (IQ – 49 and below) 

in education system in Russia in the 21st century, issues of educational achievements monitoring of 

schoolchildren in this category are relevant. Learning to read by a student with moderate mental retardation 

(IQ – 35-49) is considered as one of learning outcomes available and significant for socialization 

(Shipitsyna, 2002; Voronkova, 2016). Despite many methodological materials and developments, in recent 

years, interest in the problem of education in reading and writing for children with intellectual disabilities 

is unabated, there are new domestic and foreign studies in this field (Afacan et al., 2017; Ainsworth et al., 

2016; Alnahdi, 2015; Katkova, 2017). 

In order to determine the expected possible results in learning process in the nearest time, it is 

important to identify the zone of “proximal development” (the child’s real abilities that can be revealed and 

used for his development with minimal help or prompting from others) (Lubovsky, 1989; Vygotsky, 1935). 

In addition, teachers need constant feedback from students about the effectiveness of training, therefore, 

the problem of both “starting” diagnostics and monitoring of educational achievements is updated. 

The use of generally accepted approaches used to monitor the learning outcomes of normatively 

developing pupils and schoolchildren with moderate mental retardation (independent and review work, 

testing, oral questioning) require adaptation in working with children with moderate mental retardation. 

When self-learning students of this category cannot always realize their potential, a situational decrease in 

results is possible due to poor health, increased fatigue, distractability, reduced motivation and the ability 

to program, regulate and control their actions, they need additional stimulating, organizing and guiding 

assistance; students with a lack of common speech need methods with possibility to use nonverbal answers 

(Shipitsyna, 2002; Zabramnaya & Isaeva, 2009). 

Russian specialized literature widely presents data about using various diagnostic methods 

(psychological and pedagogical experiment, observation, collection and analysis of data about a child, 

studying products of activity, etc.) in order to identify the starting and potential abilities of children with 

intellectual disabilities (Lubovsky, 1989; Zabramnaya & Isaeva, 2009). However, their use for monitoring 

purposes in current educational process is not effective enough. 

A number of foreign studies of recent years have been devoted to the problems of educational and 

administrative monitoring of educational achievements of students with cognitive disorders (Farley et al., 

2016; Hill & Lemons, 2015; Jones et al., 2018; Kearns et al., 2015). “Formative assessment” technologies 

are used for applying in current educational process in order to identify the zone of “proximal 

development”, to monitor the progress of students for short periods and to promptly adjust programs for 

working with them. In particular, such a technology of formative assessment as general outcome 

measurements (GOMs) (Wallace et al., 2010), developed on the basis of curriculum-based measurement 

(CBM) (Deno, 2003). Both options, in essence, are testing, but the monitoring procedure and content are 

focused on the characteristics of students with cognitive disorder. 

Of course, to monitor reading skills of children with mental retardation in Russia, modification of 

GOMs is required taking into account specific features of Russian writing and domestic approaches to 

literacy education. In addition, in our opinion, the use of GOMs technology on paper is not convenient 
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enough: teacher needs to simultaneously record results and keep student's attention, navigate in a large 

number of cards with tasks, then it takes time to work with protocols and processing results. 

The practical use of GOMs becomes much easier with help of computer technology, especially given 

the fact that the method of pointing at the correct option out of the three offered for selection, which was 

originally used in this technology to enable students with alalia (speechless children), is extremely 

convenient for a “programming language”. Using a computer program in this case has several advantages: 

 objectivity of assessment, independence from expert opinion; 

 ease of use; 

 possibility to include children with alalia in the assessment system; 

 optimization of time spent on processing results (processing is carried out by a computer 

program, automatically). 

 

2. Problem Statement 

Thus, the revealed contradiction between practical relevance and insufficiently developed 

technology for monitoring reading skills of students with moderate mental retardation allows us to 

formulate the research problem, which consists in determining whether it is possible to use a modified 

Russian-language version of GOMs technology (general outcome measurement) for monitoring reading 

skills on touch screen (tablet computer) of schoolchildren with moderate mental retardation. 

   

3. Research Questions 

In connection with the modification of the initial version of GOMs technology and change in the 

conditions for its implementation (transfer from paper to a computer program), the next question arises: 

how reliable and valid are the task sets developed in the Russian version taking into account the 

requirements of GOMs for monitoring reading skills of schoolchildren with moderate mental retardation 

on tablet computers? 

 

4. Purpose of the Study 

In accordance with the problem and research questions, we set forward the following goal: to 

determine the reliability and validity of task sets developed in the Russian version taking into account the 

main provisions of GOMs technology for monitoring reading skills of schoolchildren with moderate mental 

retardation on the touch screen (tablet computer). 

  

5. Research Methods 

The main methodological base in this study is a group of theoretical scientific methods related to 

the analysis of empirical data. The data for analysis was obtained both by using the method of pointing at 

the correct option out of the three offered on the touch screen (tablet computer), and the generally accepted 

method of “reading aloud”. 
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Examination using a computer program on a touch screen (tablet computer) was carried out on 6 

indicators: 

1. Recognition of pictogram based on the sample. 

2. Recognition of grapheme based on the sample. 

3. Correlation of grapheme and phoneme. 

4. Reading syllables. 

5. Reading words. 

6. Determination of the first letter in a word. 

For each indicator, sets of 60 assignments were developed. The procedure for presenting each task 

was as follows: 3 images appear on the touch screen (three pictograms, letters, syllables or words, 

depending on the indicator being examined) and the instruction sounds: “Point at ...”. The child touches on 

the touch screen one option out of three offered for selection. If there is no answer for 5 seconds or an 

incorrect answer, the question is repeated, if it is correctly chosen, they do the next task. The program 

automatically calculates the number of correct choices in 3 minutes for each indicator. Score: 2 points – 

correct answer after the first presentation, 1 point – correct answer after the second presentation, 0 points – 

incorrect answer or no answer even after repeated presentation. 

The program is developed in accordance with the requirements of GOMs technology: 

 The standard number of tasks distributed by indicators (at the stage of the “pilot study” 6 

indicators were tested); 

 Taking into account the student’s non-verbal reaction (pointing on the touch screen the correct 

option out of 3 offered for selection); 

 Compliance with the “three errors” rule, which implies the completion of the survey by the 

indicator when three mistakes are made in a row; 

 Short examination duration (no more than 3 minutes for each indicator); 

 Using the first three tasks for each indicator as training (when presenting training tasks, “hint 

systems” are acceptable, their results are not taken into account when calculating points). 

It is also necessary to clarify several points on the examination procedure: 

1. Within the framework of this study, the task was not to clarify the wording of the instruction; 

therefore, within each indicator, various wording options were used: “Where ...”, “Point at ...”, 

“Where ... Point at”, “Find ...”. The ability to vary the wording was proved by us earlier, when 

examining children with serious mental retardation (Artemeva et al., 2018). In the future, it is 

advisable to clarify the formulation requirements for various degrees of mental retardation, 

which coincides with the opinion of foreign researchers (Hill & Lemons, 2015). 

2. Based on the foreign studies of Wayman et al. (2009) on the possibility of applying the rules of 

both two and three errors, we settled on the rule of “three errors”. 

The Russian version of the program takes into account the specifics of teaching reading to children 

with mental retardation in Russia: 
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 The process of studying letters for children with moderate mental retardation was prolonged for 

several years, so the examination was carried out on limited material of letters. 

 Tasks are divided into difficulty levels within each indicator in accordance with the teaching 

methodology of reading in Russia (from two to four levels per indicator). 

 A significant component of the learning content of children with moderate mental retardation is 

the mastery of alternative reading using non-verbal graphic characters (Baryayeva & Lopatina, 

2018), therefore the new indicator has been introduced – “Pictogram recognition”. The specific 

difficulties in mastering alternative communication means by children with mental retardation 

require additional study and they are associated with immature stage of visual perception, 

memory, ability to purposeful activities, disordered speech understanding, gesture perception, 

limited social experience, etc. (Artemeva et al., 2018; Zashchirinskaia et al., 2017; Zabramnaya 

& Isaeva, 2009). 

 Some of the children participating in the experiment have serious disordered motor functions, 

they are limited in the use of a computer mouse, so the computer program is designed to be 

implemented on a tablet computer with a touch screen. 

To determine the reliability, all 6 indicators were offered to the same student several times over 2 

weeks. Not always a reliable result was achieved immediately after the first inclusion, usually 2-4 training 

inclusions were required. It is also possible that episodes decrease in values by indicators, which may be 

associated with the condition of the child during the examination (fatigue, poor mood, decreased 

performance, etc.). In cases of episodic decreases in results, we recommended that teachers repeat the tasks 

in 1-2 days (sometimes even after some time during the same day), when the child's condition stabilizes. 

Thus, taking into account the characteristics of students with moderate mental retardation, to determine the 

reliability, we used from 2 to 4 inclusions in a close time period and compared two stable results. 

To determine the validity, the data obtained by the method of pointing on a tablet computer were 

compared with the data obtained by the generally accepted method – reading aloud. We used a three-point 

scale (0-2 points) when assessing reading for each task. 

The statistical analysis was carried out using “Statistica 10” software package, the authors used non-

parametric statistical criteria for related samples such as Wilcoxon test, and determined Spearman 

correlation coefficient. 

It should be noted that the development of technology for monitoring reading skills of students with 

mental retardation, which allows you to track all stages of the skill formation, is a difficult task that requires 

a prolonged study. Therefore, an initial “pilot” study (usability – research) was organized to test sets of 

tasks on six indicators, the results of which are reflected in this article. The study was conducted in 

November – December 2016, in the framework of the joint project of KSPU named after V.P. Astafyev and 

the University of Minnesota “Student assessment with significant disabilities” (Mamaeva, 2017). 

When conducting a “pilot” study, the goal was not to develop the full monitoring content, which 

covers all aspects and stages of reading skill, the authors also did not determine sensitivity to changes in 

the selected indicators and a number of other goals that are currently being implemented through a series 

of subsequent studies. 
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6. Findings 

In total, during the “pilot” survey (usability research), 54 students with moderate mental retardation 

were examined. All in all, 35 boys and 19 girls. Age: 7 years old – 5 people, 8 years old – 9 people, 9 years 

old – 9 people, 10 years old – 10 people, 11 years old – 13 people, 12 years old – 4 people, 13 years old – 

4 people. 4 people have mental retardation complicated by disorders of the autistic spectrum, 6 people with 

disorders of the musculoskeletal system (cerebral palsy), 4 people with visual disorders, 1 student with 

diminished hearing, 6 students with speechlessness (students with speechlessness were not examined by 

reading aloud or examined on a limited set of indicators). The study was conducted on the basis of four 

schools in Krasnoyarsk, 6 teachers participated in the experiment. 

An initial analysis of the results is presented in Table 01. 

 

Table 01.  Initial analysis of the “pilot” survey results 

Series 

Demonstration the right option Reading aloud 

n 

The first inclusion 

with the stable result 

The second inclusion 

with the stable result 
n Median 

Standard 

deflection 
Median 

Standard 

deflection  
Median 

Standard 

deflection 

1. pictograms 

recognition 

with a support 

on the sample  

48 116 30.84 116 31.23 46 83 28.9 

2. grapheme 

recognition 

with a support 

on the sample 

48 115.5 33.94 116 35.28 34 86 35.8 

3. grapheme 

and phoneme 

correlation 

49 55 24.60 59 24.54 44 54 24.38 

4. syllables 

reading 
49 32 17.57 32 17.69 40 22.5 21.32 

5. words 

reading 
49 26 17.05 25 16.70 39 9 18.30 

6. 

determination 

of the first 

letter in the 

word 

46 34 27.90 33.5 30.89 42 26.5 31.62 

 

To determine the reliability of the proposed task sets, we conducted a comparison and also revealed 

the interdependence (correlation) between the stable results of two inclusions. 

 

Table 02.  Comparison of the two inclusions results by indicators  

Index I II III IV V VI 

Wilcoxon p-value 0.65 0.20 0.41 0.49 0.76 0.04 

Spearman correlation 

coefficient 
0.84 0.86 0.92 0.94 0.91 0.94 
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As can be seen from table 02, for almost all indicators (with the exception of indicator VI - 

“Determination of the first letter in a word”), the obtained p-value (Wilcoxon) indicates the absence of 

statistical significance of indicator changes during repeated inclusions in a close time period. The results of 

two stable inclusions in a close time period are congruent at a significance level of 0.05, therefore, the 

proposed task sets (with the exception of indicator VI) are reliable. 

According to the results of comparisons on indicator VI – “Determination of the first letter in a 

word”, we fall into the “zone of uncertainty”. The results of repeated inclusions in a close time period are 

congruent at a significance level of 0.01 but differ at a significance level of 0.05. At the same time, a high 

correlation coefficient (Spearman) – 0.94 indicates a close and statistically significant interdependence of 

the results of two stable inclusions in a close time period and allows us to conclude that the task set is 

reliable. To clarify the conclusions on the indicator VI, we additionally compared the results of two 

inclusions measured on a two-point scale (1 point – correct pointing after the first presentation, 0 points – 

incorrect pointing or no answer after the first presentation). The following values were obtained: p-value 

(Wilcoxon) – 0.07; correlation coefficient (Spearman) – 0.94. The data obtained correspond to the 

conclusion about the reliability of the task set VI. 

However, it should be noted once again that for the correct interpretation of the results of students 

with moderate mental retardation, it is important to consider a number of factors: 

1. To learn how to use the monitoring program on a tablet computer student may need several 

inclusions, therefore, when learning to use the program, the teacher should offer the student 2-4 

inclusions for 2 weeks, until stable results are obtained inside the indicator;  

2. There may be occasional decrease in the values inside the indicator, in these cases it is 

recommended to repeat the inclusion when the child's condition is stabilized. 

To determine the validity of the proposed task sets for each indicator, the authors revealed an 

interdependence (correlation) between the results obtained using a tablet computer and the data obtained 

by reading aloud. 

 

Table 03.  The correlation of the results using a tablet computer and the reading aloud results.  

Series I II III IV V VI 

Spearman correlation 

coefficient 
0.70 0.62 0.91 0.83 0.81 0.92 

 
As can be seen from table 03, in almost all indicators (with the exception of the first and second, 

recognition of pictograms based on the sample and graphemes based on the sample), a close relationship 

was found between the results obtained using the pointing method on a tablet computer and the data 

obtained using the reading aloud method. The results achieve statistical reliability for all indicators. 

Moreover, for all indicators, the results of pointing are higher than the results of reading / naming (Table 

01). 

We explain this by the fact that in their psychological structure these actions are very close, but not 

identical. Being a complex psychophysiological process, reading aloud has a more complex psychological 

structure. Moreover, the display of a grapheme or pictograms based on a sample is focused on examining 
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an undefined stage in mastering reading skills (such as tasks for naming letters, reading syllables and 

words), but examining one of the prerequisites for mastering reading skills, namely, visual perception. 

Therefore, according to indicators I and II, the correlation coefficient with the naming results is the lowest, 

but also reaches statistical significance. 

   

7. Conclusion 

As a result of the “pilot” study, the following conclusions were made: 

 task sets developed in the Russian-language version taking into account the requirements of 

GOMs for monitoring reading skills of students with moderate mental retardation on a tablet 

computer are reliable and valid; 

 assignments for correlating graphemes and phonemes, determining the first letter in a word, 

reading syllables and words are the most reliable for monitoring reading skills; pictograms and 

graphemes recognition tasks based on the sample also confirmed their potential for monitoring 

reading skills. 

The scientific novelty of the study lies in the fact that the obtained experimental data do not 

contradict the possibility of using effective GOMs technology for monitoring reading skills of students with 

mental retardation in Russia on a tablet computer. Despite the specific features of literacy in various 

languages and different cultural contexts, a number of requirements for monitoring procedure identified in 

the framework of GOMs technology are universal. Monitoring using computer technology greatly 

facilitates the practical use of GOMs and optimizes the results processing. 

But the results of the “pilot” survey presented in this study do not solve all the issues related to the 

problems of monitoring educational achievements of students with mental retardation using computer 

technology. In a series of further studies conducted in 2017-19 the authors: 

 tested a complete task set for monitoring reading skills; 

 clarified the requirements for the procedure and content of monitoring when implemented in a 

single interactive environment. 

 

The authors continue the research to determine the sensitivity to changes in the developed task sets 

in Russian-language version of monitoring. 
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