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Abstract 
Evidence indicates that cognitive deficits can affect students’ performance in schools. An effort to enhance 
cognitive skills through integration of a neuro-cognitive training called ‘Brighter Minds’, was made in the 
government schools of South India during 2017-18. 110 students went through a pre and post training evaluation, 
using a mixed methods study design to assess changes in attention, observation and memory. Tools such as Make 
a Trail and Stroop test to assess attention, Word Recall and Visual stimulus tests for memory and acustomized 
tool to assess changes in observation were used. Focus group discussions were conducted to understand teachers’ 
experience and acceptance of the training. Paired t-tests demonstrated statistically significant gains in all the 
three cognitive traits. The average time taken to complete the trail tests significantly reduced after the training 
(Trail A: 59.3 s to 47.5 s; Trail B: 156 s to 120 s. p < 0.001). The average number of correct items read out in the 
Stroop test improved significantly. More students were able to observe deeper aspects of the test object (23 Vs 
40, p < 0.001). On intuition tests, average score of correct observations went up significantly from 6.7 to 9.6 
objects. Memory assessments revealed significant improvements in verbal recall (both immediate and delayed) 
and visual recognition, but marginal improvements in visual retention. The teachers reported changes in student’s 
motivation, discipline and participation. The training was seamlessly rolled out by the teachers during regular 
hours and led to improvements in students' cognitive abilities. The cognitive trainings offer promise to 
complement current efforts in enhance learning outcomes among students. 
Keywords: cognitive training, attention, memory, observation, neuro-cognitive intervention, brain training 
1. Background 
Sustainable Development Goal (SDG) 4 aims to ‘ensure inclusive and equitable quality education and promote 
lifelong learning for all’ by 2030. In 2018, globally more than half of children and adolescents are not meeting 
minimum proficiency requirements in basic education. The situation is not very different in India. The higher 
education system in India ranks first with the highest number of institutions in the world and third with respect to 
the student enrolment, only after China and the United States (D. Gupta & N. Gupta, 2012). A nationwide survey 
in 2016 covering 562,305 children in age group of 3 to 16 years showed that 42% and 27% children respectively 
demonstrated appropriate reading and arithmetic abilities for age. The results haven’t varied much over the decade 
as previous evaluations in 2006 had demonstrated similar results i.e. 47% of grade 5 children being able to read 
story text of grade 2 difficulty and 25% of grade 8 children being able to solve a simple division problem (Kingdon, 
2007). On contrary, the country was able to achieve good enrolment rates to the tune of 90% at the dawn of the 
current century and has consistently stayed close to universal enrolment for elementary education and over 90% 
mark for high school (Pratham, 2018). The reasons for poor learning outcomes despite good enrolment have been 
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attributed to gaps in infrastructure and quality of teaching (Banerjee et al., 2007). Though policies such as Right to 
Education Act (RTE, 2009) and others have targeted school enrolment and indeed have shown some improvements 
over the years, they haven’t necessarily translated to desired improvements in learning outcomes. The current 
educational policy and framework strongly articulates the need to address the persisting challenges in access, 
equality, quality and affordability (Mann, 2019).  
Most of the time, these problems are addressed by increasing investments on infrastructure, additional teachers and 
tutoring programs. But the evidence of their impact on student performance is inconclusive (Hill, Serpell, & Faison, 
2016; Glewwe et al., 2004; Kremer & Moulin, 2002). Efforts in India through strategies such as remedial 
education and computer assisted learning have been attempted and evaluated. They are cost effective and have 
shown to impact student performance significantly in the short term, but have failed to sustain outcomes for long 
periods (Banerjee, 2005). Probably there are other determinants for poor student performance which are yet to be 
understood and addressed within the existing policies and systems of education. In the recent past, there has been 
growing interest in exploring how cognitive deficits affect academic performance. Evidence shows that students 
with higher attention control, attention shifting and working memory tend to perform better academically than 
those with poor cognitive skills (Serpell & Faison, 2016; Raghubar, Barnes, & Hecht, 2010; Swanson & Jerman, 
2006; Biederman et al., 2004). Cognitive training often referred to as, brain training is explored in recent times to 
modify cognitive skills. Evidence shows that these interventions can bring about alternations of neural structure 
associated with learning (Willis et al., 2006). However, there is a dearth of studies on the long term impact of these 
interventions on academic success.  
Encouraging outcomes in brain training include improvements in cognitive skills such as memory (Holmes & 
Gathercole, 2014; Wiest et al., 2014), attention, processing speed and reasoning or logic (Rabiner et al., 2010; 
Tamm et al., 2013). In a study by Titz and Karbach (2014), children who underwent training in working memory 
and executive functions showed an improvement in academic performance. There have been efforts within 
educational settings to integrate research-based interventions to improve cognitive skills in addition to traditional 
interventions (Fuchs et al., 2008). Although substantial evidence supports the efficacy of cognitive training 
programs in improving cognition, the translation of cognitive changes into academic success needs further 
exploration (Jedlicka, 2017). Most of these studies have been conducted in the western settings. Within India, the 
uptake of these programs is still in infancy, and there is a potential opportunity to explore how cognitive training 
can complement existing efforts in enhancing learning outcomes. 
The ‘Brighter Minds’ (BM) program is a brain training program offered by an Indian company with a vision to 
unlock the potential in children through enhancing their sensory perceptions and cognitive functions. The program 
consists of 30 hours of training for eight weeks with two consecutive sessions in the first week and seven follow-up 
sessions over the week-ends, each session lasting about 3–3.5 hours. The pedagogy uses the following tools and 
activities: (1) age and context appropriate physical exercises and dance to improve child participation and joy; (2) 
breathing exercises, relaxation and positive affirmations to calm the mind and body; (3) specific physical exercises 
to stimulate left and right brain activities and coordination; and (4) specifically developed music for alpha 
entrainment. Physical exercises and dance have been shown to increase intrinsic motivation in children (Gao, 
Padlock, & Huang, 2013). Breathing exercises and relaxation have shown to reduce anxiety, especially state 
anxiety, improving the health of children suffering from asthma (Chiang et al., 2009). Also, coordinative exercises 
have been shown to be effective in concentration and attention domains of adolescents aged 13 to 16 years (Budde 
et al., 2008). Music for alpha entrainment is in tangent with binaural beats used for brainwave entrainment and 
have shown to have an effect on anxiety, attention, creativity, reaction time, working memory and cognitive 
flexibility (Padmanabhan, Hildreth, & Laws, 2005; Crespo et al., 2012; Reedijk, Bolders, & Hommel, 2013; Kraus, 
2015; Hommel et al., 2016; Shekar et al., 2018). The Brighter Minds training program is offered to only those 
children who are not diagnosed with any psychological disorders and/or known major cognitive deficits. Initial 
anecdotal evidence after rolling out brighter minds training, showed encouraging results with respect to several 
cognitive traits of children such as observation, focus and intuition. In addition, a survey conducted amongst 
parents of those children who were trained in the program, showed changes in attention, memory, perceptual 
ability, comprehension, planning and self-confidence. They also reported high levels of satisfaction and 
acceptance (Bongarala & Jayanna, 2019).  
In the year 2017-18, the district administration of Mahbubnagar district in the state of Telangana, Southern India, 
incorporated Brighter Minds program into the existing school curriculum with an aim to enhance cognitive 
abilities such as attention, observation and memory in the students. The program was rolled out across its twelve 
residential schools covering 2500 children over a period of one year. These residential schools are run by the 
government and offer free residential education facilities to the girl students from the rural, poorer and 
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disadvantaged communities in the district. A training of trainers (TOT) approach was adopted to scale up the 
training across all schools. 48 school teachers (4 from each school) were trained in two batches as brighter minds 
facilitators, and the sessions were integrated into their teaching plans. The district administration was interested in 
documenting the evidence and hence the Brighter Minds team employed external researchers to study the effects of 
the program on the students. In this backdrop, the present study was designed to measure the changes in cognition 
among students that were exposed to the program, with a specific emphasis on attention, memory and observation 
of students.  
2. Method  
2.1 Study Design 
The study adopted a mixed methods design having both quantitative and qualitative assessments. Quantitative 
study captured levels of attention, memory and observation before and after the training was conducted. 
Qualitative assessments using focus group discussions were carried out after the training to document the 
observations and experiences of the teachers. 
2.2 Sample Frame 
Ten KGBV (Kasturba Gandhi Balika Vidyalaya) schools and two TSWRS (Telangana Social Welfare Residential 
Schools) in the district provided sampling frame for the study where program was rolled out during the year 
2017-18. These schools offer free residential educational facilities to girl children between 6th and 10th grades. The 
evaluation was carried out between October 2017 and January 2018. During the time of baseline data collection, 10 
children were picked up from each school who were due for the training the following week. The same students 
were met after the completion of the training for end-line data collect ion. The students were girls of age range 
seven to 15 years. Only healthy students with normal cognitive functioning have been included in the study.  
2.3 Study Team  
The study was conducted by a team comprising of experts from the background of research and evaluation, 
psychology, psychiatry, community health and the Brighter Minds intervention team. 
2.4 Tools 
2.4.1 Quantitative Tools and Outcome Measures  
2.4.1.1 Attention Assessments 
Attention was assessed using Make a Trail Test and Stroop Test. The Trail Making test (Partington & Leiter, 1949) 
consists of two parts. In the first part (part A) the respondent is asked to connect numbers from 1–25 that are 
randomly distributed, in a sequence. The second part (part B) of the test requires the respondent to alternate 
between numbers and alphabets (Llinàs-Reglà, Vilalta-Franch, López-Pousa, Calvó-Perxas, Torrents Rodas, & 
Garre-Olmo, 2017). The time taken to complete the exercise reflects the attention (focus) ability of the child. 
The Stroop Test (part A) consists of three levels with corresponding charts. In the first level, “Level 1”, the 
participant had to read the words (names of colours), all printed in black font (ex: green, red). In “level 2” of the 
assessments, the child had to read the words (names of colours) that are now in coloured fonts (colour of font is 
same as the word). In “level 3”, the child has to read the colour of the font, not the word itself. For example, if the 
word “blue” is written in green coloured font, the participant had to read as “green” instead of “blue.” The number 
of correct responses given in 45 seconds was recorded (Golden, 1978). Level 1 and 2 tests measure attention 
processing speed and level 3 test measures attention against an interference component. The 3 levels are repeated 
once again in another format (part B) where the students are assessed for the time they take to read 100 words. 
Both the tools i.e. Make a Trail and Stroop tests are widely used to assess attention and are validated for Indian 
context. 
2.4.1.2 Observation Assessments 
While standard tools were available to measure attention, the study team had to develop customised tools to 
measure changes in observation. Since the intervention aimed at improving observation based on visual and 
non-visual sensory pathways, tools were developed appropriately. The details of the two tools are described below. 
Section 1 (Visual sense based observation) 
The tool aimed at capturing the nature of observations made by the child after gazing at a particular object for a 
certain time period. Initial experience and anecdotal feedback led the intervention teams to hypothesize that the 
training program enhances the depth of observation and hence the tool was accordingly designed to capture the 
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differences in depth of observation before and after the intervention. 
The student was given the picture of a child, asked to observe for 45 seconds and write down the observations, 
either in Telugu (local language) or English. The observations were classified based on the nature of the 
observation; level 1 for describing physical appearance alone, level 2 for describing emotions and feelings that 
they felt the child in the picture was experiencing and level 3 for relating the object to the self and describing it as 
a whole instead of focusing on the object alone.  
Section 2 (Non-visual observation and Intuition) 
While section 1 of the tool assessed the ability of the participant to observe and comprehend an object with the 
support of vision (visual sense), section 2 was designed to capture observations independent of vision. The 
intervention team had observed that children who completed the training program reported heightened abilities to 
recognize objects in the surrounding environment without necessarily seeing (blind folded), and often with the 
support of non – visual based sensory pathways (auditory, tactile, smell, etc.), a phenomena recorded in scientific 
literature, as Sensory Substitution. This phenomenon was first observed in the blind by a scientist called Paul 
Bach-y-Rita (Bach-y-Rita & Kercel, 2003). In recent times, the neurophysiologic mechanisms have been well 
described with the support of imaging studies (Amedi et al., 2001, 2003; Ptito et al., 2005).  
There were also reports by parents and trainers that a number of children can recognize objects without the support 
of any of the senses, either visual or otherwise, but through the heightened sense of ‘feeling’ things in the 
environment. In several contexts, this is referred to as Intuition, a phenomenon where decisions are made without 
use of rational, analytical thought or inference (Lufityanto, Donkin, & Pearson, 2016). The brighter minds team 
believe that the children have naturally ability to use ‘feeling’ and ‘intuition’ as yet another instrument of 
observation, but is suppressed due to lack of adequate use or practice, stress and current day lifestyles that lay 
emphasis on learning only from outside. The program attempts to restore and develop the intuitive faculty of 
children as a skill that can complement other instruments of observation and learning. The program hypothesizes 
that heightened observation including intuition is possible when the children achieve a relaxed and calm state of 
mind. The program uses its relaxation and music entrainment interventions to achieve the alpha relaxed state of the 
brain. 
The intervention team developed a process for administering blindfolded activity to record these changes. Through 
a series of experiments and validation checks, the process of administrating the activity, cloth material used for 
blindfolding the eyes and the test objects were finalized. The tests ranged from identifying an object and its 
characteristics to reading the text from a book, randomly picked by the assessor. The tool and the process was 
piloted over 100 children and verified with consistent observations and reports by the parents, trainers and experts, 
after which the tool and methodology was finalized. The research team used the same tool and process for the 
study purpose. 
During the study, a video demonstrating the steps of the blindfold activity was shown and explained to the students 
before they were evaluated. The children were blindfolded and coloured objects such as baskets, balls and glasses 
were given to them one after the other in random manner. They were instructed to report the colour of the object. 
The trained facilitators made note of the number of correct responses. The entire activity was carried out under the 
supervision of the lead researcher.  
2.4.1.3 Memory Assessments 
Memory was assessed using the PGI Memory Scale (PGIMS) which is a standard and reliable measure of memory 
(Pershad & Wig, 1994). The scale has been found to be useful especially in academic settings. The scale consists of 
ten sub-tests- remote memory, recent memory, attention-concentration, delayed recall, immediate recall, verbal 
retention for similar pairs, and verbal retention for dissimilar pairs, visual retention and recognition.  
For the current study, immediate recall, delayed recall, visual retention and visual recognition were used. In the 
immediate recall subtest, the test-administrator read out few sentences and the participant had to repeat the 
sentence as precisely as possible. In the delayed recall subtest, the test administrator read names of few objects at 
the rate of one word per second and asked the participant to repeat it after an interval of one minute. In the visual 
retention subtest, the participant was shown a card for 15 seconds. After 30 seconds, the participant was required to 
draw all the things he saw in the card, on the paper. This subtest assesses the individual’s ability to retain 
information which is of visual nature. In the visual recognition test, the participant was shown a card containing 
pictures of various objects for 30 seconds. After 120 seconds, the test-administrator placed another card in front of 
the participant. The participant was required to identify and name the objects seen in the previous card. This 
subtest assesses the individual’s ability to recognise events and information that the individual came across. It is 
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linked to long-term memory.  
2.4.2 Qualitative Tools and Measures  
Focus group discussions were conducted among teachers to capture their observations and experiences with the 
cognitive training program. The discussions focused on the changes observed by the teachers in the children, their 
experience on feasibility and recommendations for scaling this program. 
The tools were developed by the team comprising of a psychiatrist, psychologist and the researcher, were pilot 
tested and validated before using it in the main study. 
2.5 Data Collection and Ethics Approval 
After obtaining permission and approvals from the district administration, the school management and teachers 
were briefed about the purpose of the study; the students were explained about the process and tools to obtain their 
consent. Pre- intervention and post-intervention tests were carried out ensuring appropriate auditory and visual 
privacy in selected places in the schools. The tests were administered directly by the external lead researcher and 
two other trained research assistants. Pre intervention assessments were carried out in October 2017. The students 
underwent thirty hours of training for a period of eight weeks during November-December, 2017. Post intervention 
assessments were carried out with the same students in January 2018.The ethics approval was obtained from the 
Institutional Ethics Committee of Sri Venkateshwara Hospital, Bangalore. 
2.6 Data Analysis 
Data were analysed using the Statistical Package for Social Science (SPSS) version 16. Only participants who 
completed both pre-test and post-test assessments were included in the analysis. A paired sample T test was carried 
out on pairs of scores for each outcome to determine statistical significance of gains from pre to post-test. The set 
level of confidence for the acceptance of the study hypothesis was α = 0.05. 
3. Results 
3.1 Response Rates and Coverage 
Out of a total of 120 students, 111 (92.5%) students were available for the post intervention assessments; 9 students 
missed because they were on leave due to health problems or had moved out to other schools. Finally, data was 
analysed for 110 students as there were data quality gaps pertaining to one subject. The coverage varied between 
the tools. Stroop test (Level 1) had lowest response rate (n = 73 out of 110; 66.3%) and observation tools had the 
highest (100%). Following table presents coverage for each tool 
 
Table 1. Coverage of tools used in the study 

Tool 
Coverage 

No % 

Attention 

Make a Trail A 106 96.3 

Make a Trail B 90 81.8 

Stroop A: Level 1 73 66.3 

Stroop A: Level 2 107 97.2 

Stroop A: Level 3 108 98.1 

Stroop B: Level 1 73 66.3 

Stroop B: Level 2 107 97.2 

Stroop B: Level 3 108 98.1 

Observation 
Section 1 110 100 

Section 2 110 100 

Memory  

Verbal Immediate 108 98.1 

Verbal Delayed 108 98.1 

Visual Retention 108 98.1 

Visual Recognition 108 98.1 
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58% of the students were in the age group of 10 to 12 years and the remaining (42%) between 13 and 15 years. The 
residential schools had only girls. Table 2 represents the frequency and percentage for participant demographics. 
 
Table 2. Age-wise distribution of children 
Demographic Variables  n  % 

Age group (n=111)   

10-12 y 64 57.7 

13-15 y 47 42.3 

 
3.2 Pre and Post Intervention Findings 
3.2.1 Attention 
The average time taken to complete the Make a Trail test-Part A significantly reduced after the training (59.3 s Vs 
47.5 s). Time taken to complete part B of the test was significantly lower in the post-intervention group (M = 
120.4s) in comparison to the pre-intervention group (M = 156.6 s). (Table 3a)  
 
Table 3a. Attention scores based on make a Trail Test 

 
Pre-test   Post-test   

T Df p 
Mean SD  Mean SD  

(Time taken)          

Make a Trail A 59.3 26.6  47.5 14.0  5.1 105 <0.001 

Make a Trail B  156.6 70.9  120.4 44.7  4.9 89 <0.001 

 
The average number of correct items read in 45 seconds in the Stroop test was significantly higher after the training 
for all three levels. The average time taken to read 100 words was significantly lower for all three charts. (Table 3b) 
 
Table 3b. Attention scores based on Stroop test 
 Pre-test   Post-test   

T Df p 
 Mean SD  Mean SD  

(No of items read in 45 sec)          

Level 1  62.29 21.3  70.7 20.4  -6.1 72 <0.001 

Level 2 29.3 10.8  33.3 8.4  -3.4 106 <0.001 

Level 3 49.7 26.2  57.8 23.9  -4.9 107 <0.001 

(Time taken to read 100 words)          

Level 1 86.4 46.7  69.4 22.7  4.5 72 <0.001 

Level 2 179.2 46.2  148.0 34.1  8.0 106 <0.001 

Level 3  118.9 68.8  96.4 47.8  5.6 107 <0.001 

 
3.2.2 Observation 
More students showed improved depth of observation after the training; 40 students reported level 3 observations 
as compared to 23 students prior to the program. For blindfolded observation test, mean score of correct responses 
went up significantly from 6.7 to 9.7. 
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Table 4a. Level of observations before and after intervention 
Level of observation Pre intervention Post intervention Total 

Level 1 (physical appearances) 

47 

41.5 

(0.73) 

36 

41.5 

(0.73) 

83 

Level 2 (feelings and emotional expressions) 

40 

37.00 

(0.24) 

34 

37.00 

(0.24) 

74 

Level 3 (relating the object to the personal self) 

23 

31.50 

(2.29) 

40 

31.50 

(2.29) 

63 

Total 110 110 220 

χ2 = 6.532, df = 2, χ2/df = 3.27, P (χ2 > 6.532) = 0.0382. 

 

Table 4b. Mean observation scores during the blindfolded tests  

 
Pre-test  Post-test   

t Df p 
Mean  SD Mean  SD  

Observation-Tool 2    6.7 3.7 9.7 3.7  -6.5 109 <0.001 

 
3.2.3 Memory 
Average number of responses for the verbal immediate recall (VIR), verbal delayed recall (VDR) and visual 
recognition(VC) tests were significantly higher after the training, respectively (VIR = 4.3 Vs 3.7; VDR = 3.7 Vs 
3.0; VC = 3.7 Vs 3.2). However, there were marginal differences for visual retention tests. 
 
Table 5. Memory scores before and after training 
 Pre-test   Post-test   

T Df p 
 Mean SD  Mean SD  

Verbal          

Immediate recall 3.7 1.0  4.3 0.7  -4.9 107 <0.001 

Delayed recall 3.0 1.1  3.7 0.7  -6.2 107 <0.001 

Visual          

Retention  3.8 0.3  3.9 0.2  -1.0 107 =0.277 

Recognition 3.2 0.8  3.7 0.4  -5.0 107 <0.001 

 
3.3 Results of the Focus Group Discussions Among Teachers 
In the focus group discussions, the teachers expressed that the students had become calmer and more participatory 
in the class; they also reported that the students’ attention span had increased and were less distracted. One teacher 
reported that children hesitated to talk to them and even avoided them before the training, but now they expressed 
their feelings freely, had a more positive attitude towards their friends and teachers. More self-discipline was also 
reported. 
When teachers were asked for their suggestions to improve the program, they expressed that the training program 
should be conducted regularly and from the beginning of the academic year so the students may experience 
maximum benefits. 
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4. Discussion 
The present study assessed the impact of a neuro-cognitive cognitive training program on student’s attention, 
observation and memory. 
Results indicate that the training program had significant impact on attention that was assessed using the Make a 
Trail Test and Stroop Test. Such improvements in attention after training are consistent with findings from 
previous studies (Mozolic, Long, Morgan, Rawley-Payne, & Laurienti, 2011; Sohlberg & Mateer, 1987). 
According to research, students with strong cognitive abilities such as attention shifting, attention control and 
response inhibition tend to perform well academically in comparison to those students with attention and 
processing deficits (Biederman et al., 2004). Researchers have made recommendations to rigorously study the 
impact of the brain trainings on educational outcomes (Rabipour & Raz, 2012). The quantitative findings from the 
current study related to cognitive traits correlated with reports of the teachers in the focused group discussions.  
Significant improvements in observation abilities were observed in the children after the training. Observation is 
key to language development, learning various norms and practices and human behaviour. Children everywhere 
make observations in order to understand and make sense of the world around them (Eberbach & Crowley, 2009). 
Children’s observational skills are typically thought to be unsystematic, unfocused and unable to make valid 
inferences. As they mature they tend to notice features, events, people more narrowly and do not automatically 
notice aggregates and complex, abstract systems. Lehrer and Schauble (2004) showed that fifth graders focused on 
individual plants instead of focusing on the plant population while tracking plant growth. One possible explanation 
is that children tend to focus more on the surface features. While there are measurement tools that assess 
observational ability, tools that measure specifically the degree or depth of observation are lacking and the current 
study provided opportunities to assess feasibility of such a tool to measure depth of observation and that it is 
amenable for change with a cognitive training such as Brighter Minds.  
Alongside changes in observational abilities, the training led to enhanced intuitive (feeling) capacity in the 
children. According to Barnard (1938:235) intuition transcends the capacity of merely intellectual methods, and 
the techniques of discriminating the factors of the situation. Despite the growing amount of acceptance of this idea, 
little scientific evidence exists that support such phenomena (Lufityanto, Donkin, & Pearson, 2016). Most intuition 
studies yield inconsistent results and provide little insight on the mechanism involved. This is because intuition is 
usually assessed with the help of interviews or survey based techniques (Khatri & Ng, 2000; Sinclair, Ashkanasy, 
& Chattopadhyay, 2010) that focus on the individual’s perception (Lufityanto, Donkin, & Pearson, 2016). Lack of 
adequately validated tools and process in assessing these phenomena complicates the picture. While there is more 
that needs to be done in terms of measuring intuition, existing evidence supports that non-conscious emotional 
information can boost accuracy and confidence while also improving response time (Lufityanto, Donkin, & 
Pearson, 2016). The students that participated in the current study did show improved attention, response time and 
memory that may be linked to non-conscious or intuition processes of the minds. 
The brighter minds training achieves the heightened observation including intuition through its music entrainment 
and relaxation techniques, that helps the children to achieve certain state of relaxation and calm mind. These states 
as represented by low frequency alpha waves in electro-encephalograph (EEG) studies, have been linked to an 
increase in working memory representations through the suppression of distracting stimuli present in the 
environment (Mathewson et al., 2011). Brainwave entrainment consists of applying binaural beats along with 
stroboscopic light with the help of high-definition audio-video equipment (Cruceanu & Rotarescu, 2013). In a 
study by Huang and Charyton (2008) alpha binaural beats were found to lead to an improvement in cognitive 
abilities. Several studieS have reported that the stable state of mind and raised concentration level as a result of the 
alpha beats, determines a higher quality in perception (Cruceanu & Rotarescu, 2013). 
With regards to memory tests, the results indicate that immediate recall, delayed recall and visual recognition 
increased significantly after training. These findings are consistent with previous works that have targeted working 
memory for training. Klingberg and his team developed a training program to help improve memory in children 
with ADHD and found marked gains in the students that underwent training (Hill, Serpell, & Faison, 2015). 
Melby-Lervag and Hulme (2013) conducted a meta-analytic review of 23 studies that provide evidence for 
improvements in memory as a result of training (Hill, Serpell, & Faison, 2015). However, it was found in the 
current study that there was no significant difference in the average number of responses on the visual retention test. 
This is consistent with previous findings that have shown that long term musical training leads to significant 
improvements in verbal memory but not of visual memory on account of neuro-plasticity changes in the left 
temporal lobe (Ho Cheung & Chan, 2003). Since music is a part of the Brighter Minds Training and the 
intervention was evaluated over a shorter time frame of 8 weeks, this may be a possible explanation. It may be 
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interesting to see if the situation changes over longer periods of training and practice.  
The present study shows that students’ cognitive capacities can be altered through a neuro-cognitive intervention 
that was integrated into existing educational curriculum. Several prominent twenty first century scholars advocate 
that cognitive abilities are modifiable in nature (Feuerstein, Rand, Hoffman, & Miller, 1980). However, the 
translation of cognitive gains into long term development of children including academic development has not 
been adequately studied and needs investigation. 
Results of the focus group discussions with teachers who were also the trainers, revealed that the program was not 
only effective, but also acceptable and feasible in educational settings. According to Bandura (1993) improved 
application of cognitive abilities in the classroom facilitates better learning experiences, and they not only impact 
academic performance but also make way for attitudinal change such as increase in self-efficacy, enjoyment and a 
sense of accomplishment (Hill, Serpell, & Faison, 2015). In the current study, the school teachers were equipped 
with skills and training methods that integrated into their existing teaching programs. This differs considerably 
from other cognitive training programs that are offered as specialized programs which is a limitation to scaling up 
within existing educational systems and platforms. Particularly, countries like India that is faced with a twin 
challenge, large scale of the problem coupled with quality gaps, requires trainings and tools that can be integrated 
seamlessly into existing systems for effective adoption and implementation. This not only achieves scale quickly, 
but also gains acceptance and ownership of the key stakeholders who have to implement the program as observed 
in the study. 
5. Limitations and Implications for Future Studies 
One of the Stroop tests (level 1) had poor coverage compared to other tests. The tool requires the subject to read out 
the word (in English language) as against reading out the colour of the words in the other two stroop tests. While 
the tools were validated to the local context, they were not translated into local language as all students were 
exposed to the English language as per the norms. However, few children were not proficient in reading the words 
in English that may have contributed to the reduced response rate. Another interesting observation is that several 
students were able to respond to the blind folded activity at the baseline itself. Upon further exploration, it was 
found out that the subjects in the study while formally had not received the training, they were still exposed to 
several of the intervention components during practice sessions with other students who had completed the 
training. Ensuring strict non-contamination in a large scale, residential school setting such as this one was a 
challenge. However, the additional significant gains in the blind folded assessments among the subjects during the 
course of formal training, does give insights into the incremental effectiveness of the training. The study examined 
data collected from children who participated in the training program and does not have an equivalent control 
group for comparison. An experimental study design with a control arm can provide more robust evidence about 
effectiveness of the program. The study sheds light on immediate effects of the training on cognitive changes. 
Furthermore, follow up studies should be carried out to monitor the students’ academic, emotional and personality 
changes in order to get a better understanding of the long term impact of the program on children. 
Future studies may also focus on understanding the effects of the training on the neural networks for a biological 
explanation to the cognitive changes. Additionally, the training can be furthered to the clinical population 
(especially ADHD and learning disorders) to test its efficiency as a complementary intervention.  
6. Conclusion 
The ‘Brighter Minds’ training led to significant improvements in several cognitive traits in children, particularly 
attention, observation and memory which can impact academic performance. This is the first of its kind in India, 
where a cognitive training program is integrated into existing educational efforts effectively, particularly in a 
government setting. Policy makers and planners in education sector have invested significant efforts and funds to 
improve learning outcomes within the school environment. The current study points to a simple, scalable and 
sustainable intervention that can add value to the existing efforts to achieve educational outcomes related to 
sustainability development goal (SDG) 4. 
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