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Abstract
Background: Memory is the basis for the development of language skills and learning processes, and selfefficacy is one of the most important predictors of academic achievement.
Objective: This study aimed to determine the effects of neurofeedback training (NFB) on verbal and visual
memory and self-efficacy in students of Rafsanjan University of Medical Sciences.
Methods: This quasi-experimental study was conducted on students of Rafsanjan University of Medical Sciences
(Rafsanjan, Iran). Twenty-six students without severe neuropsychological disorder, history of epilepsy and drug
abuse were selected randomly and divided into two groups. First, the participants completed the Morgan-Jinks
Student Efficacy Scale (MJSES) and then were assessed by Kim Karad Visual Memory Test (KKVMT) and
Wechsler Memory Scale for verbal memory (WMSVM). The experimental group underwent 15 sessions of
neurofeedback training (NFB) for increase in sensorimotor response (SMR) in central zero (Cz) and frontocentral zero (FCz) location at the psychology clinic Rafsanjan University of Medical Sciences. Visual and verbal
memory and self-efficacy were assessed by KKVMT, WMSVM and MJSES after completion of sessions and one
month later. Posttest and follow-up of the control group were also carried out simultaneously with the
experimental group. Data were analyzed in SPSS version 16, using descriptive statistical and repeated measures
ANCOVA. The significance level of examining the hypotheses was set at p≤0.05.
Results: The Mean±SD of verbal memory in the experimental group in pretest, posttest and follow-up was
20±1.9, 22.58±2.1, 22.41±2.06 respectively (p<0.001, Effect size= 0.53).
There were significant changes in short-term (p=0.001, Effect size =0.41) and long-term (p=0.001, Effect size
=0.42) visual memory. The changes of mid-term visual memory and self-efficacy in the experimental group were
not significant (p=0.135, p=0.062).
Conclusion: NFB is effective in improving verbal memory and some dimensions of visual memory. Further
studies are needed to achieve better results.
Keywords: Neurofeedback, Memory, Self-efficacy
1. Introduction
Memory is a searchable storage system that has been studied more than anything else in recent years because of its
very important role in learning and remembering (1). In addition to learning, memory also plays a fundamental role
in an individual’s thinking, creativity, planning and everyday behavior. Different structures in the brain control the
stages of memory. During information storage, the brain’s right hemisphere has the highest activity. According to
the multi-store model of memory described by Atkinson and Shiffrin, the information processing normally begins
with receiving environmental stimuli. The received information is transferred within less than a second to short-term
memory. Otherwise, it will disappear. Vision is one of the main sensory channels through which a human receives
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and stores lots of information in his memory. Visual memory is the ability to store and retrieve experienced visual
perceptions and emotions that can be recalled by environmental stimuli (2). Storage and retrieval of information
heard or expressed by a person is also called verbal memory (3). Sometimes, some people have difficulties in visual
or verbal memory despite having high intelligence and normal sensory channels. Incoming information is transferred
to short-term memory through the senses and activation of the attention process (4). In addition, memory that plays a
major role in learning inner psychological issues such as self-efficacy also plays an important role in this regard.
Bandura proposed the concept of self-efficacy in 1997 as a missing element in learning theory. Bandura believes
that self-efficacy is a determinant of behavior. Self-efficacy is also a cognitive process through which many social
behaviors and personal characteristics are developed. Bandura proposed the theory about human reactiveness in
which the role of self-beliefs is prominent in cognition, motivation and human behavior (5). Self-efficacy affects
individuals’ goals and actions and is affected by environmental conditions (6) such as recognition and
acknowledgment from others, physical effects such as financial benefit, and self-evaluation (5). Also, in educational
settings, self-efficacy refers to students’ belief in their ability to perform certain educational tasks at specified levels
(5). Thus, self-efficacy may increase as cognitive processes improve. Memory is affected by several factors and the
stages of memory are controlled by different structures in the brain. Therefore, methods that can improve memory
are of utmost importance. Biofeedback, an important modern method in the field of physiological psychology, is the
process of recording biological information and returning it to the participant. Using a device attached to the body,
this method provides information about the body’s biological functions (7). Neurological feedback (NFB) is a
widely used type of biofeedback that utilizes brainwaves, and is reported to improve memory (8). NFB is based on
the brain’s electrical activity (9) and involves training and learning self-regulation of brain activity (10). In NFB, the
brain’s electrical waves are received through electrodes connected to specific areas on the head, and are displayed in
the form of shapes or moving images on the monitor, so that the participants can see their brainwaves. Then, with
the help of an examiner, the participants begin to change their brainwaves by changing their thoughts and feelings.
Since NFB is based on conditioning the participant (11), participants perceive the immediate changes occurring in
their brainwaves in the form of changes in shapes and figures and hearing different sounds. Then, to receive a
reward (point) again, participants begin to change their brainwaves by changing the direction of their thoughts and
feelings. This process occurs regularly, and eventually, participants learn that they should change their brainwaves
or thoughts in the direction intended by the examiner to receive a reward (12). This technique is used to achieve
different objectives such as improving concentration and eliminating distractions and negative thoughts (13).
NFB training changes the brain activity and when skills are learned through this method, long-lasting changes are
developed in the brainwave’s structure (14). NFB training is used for enhancement of memory (8, 15-17). In
addition, Walker et al., reported that the participants who could increase the sleep spindle activity by NFB, showed
improvement in declarative memory performance. It should be noted that there is a relationship between sleep
spindle generated by thalamocortical and verbal memory and learning (18). As mentioned before, self-efficacy
believes in one’s own abilities, and is highly correlated with cognitive functions, especially memory. Having a good
memory increases believing in one’s ability and success, and improves their performance (19, 20). Accordingly, the
present study aimed to determine the effects of neurofeedback training on verbal and visual memory and selfefficacy in students of Rafsanjan University of Medical Sciences.
2. Material and Methods
2.1. Trial design and participant
This study was a quasi-experimental research with a control group that was conducted on the students of Rafsanjan
University of Medical Sciences (Rafsanjan, Iran) in 2013. The participants were selected through simple random
sampling based on a list of students obtained from the Department of Education. The followings were set as the
exclusion criteria: students with 1) neurological disorders such as epilepsy and severe migraine headaches, 2) history
of acute myocardial infarction.
2.2. Intervention
NFB training was held over a period of two months, three times a week. Participants sat on a chair in a quiet room,
the electrodes were connected at central zero (Cz), and fronto-central zero (FCz) (based on 10-20 system). First, a
wave base was recorded for 2 minutes. This wave base is the basis of the detection and evaluation of changes. After
recording the wave base, the main part of the training program was started, which included recording and presenting
brainwaves to the participant. The device displays the individual’s different brainwaves on a computer monitor and
simulates the waves as shapes and animations for better understanding. When the participants’ brainwaves have
reached the waves intended by the clinician (here an increase in the sensorimotor response (SMR) wave which is a
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part of beta waves with the frequency range from 12 to 15 Hz), the shape or animation displayed will move further
and the device will give a point to the individual based on the length of time that the individual can maintain the
brainwaves intended by the clinician in the target frequency range. This process took 30-45 minutes per session.
2.3. Research tools
2.3.1. Kim Karad visual memory test
Kim Karad visual memory test was developed around 1945. In this test, some figures and shapes are displayed for
the participants who are required to find them at a specific time among the other shapes provided. This test consists
of a page containing 20 color images. The participant will look at the page for one minute. The participant must
then place each piece in the right place in order to be scored, or he will not score if the piece is placed it in the wrong
location. The range of scores is 0-20 (21). The reliability of the instrument was assessed by test-retest method, with
the sample size of 30, and its correlation coefficient with Andre Rey visual memory test was 0.68.
2.3.2. Numerical – verbal memory tests
This test is a part of the Wechsler memory test. Numerical – verbal memory tests consist of four components
including word-pair memory test, recognition memory, numerical memory and word-classification test; in the
present study word-pair memory test and recognition memory subtest were used. This test consists of eight pairs of
words. The examiner reads them to the participant. Then the examiner reads one word to the participant and he / she
should tell another pair. This test could be repeated up to 8 times. The highest test score is 24. The test reliability
was assessed by test-retest method, with the sample size of 30, and reported as 80% for word-pair memory test and
73% for recognition memory, and the correlation coefficient of word memory test with the story recall test was 0.54
(22).
2.3.3. Morgan-Jinks self-efficacy scale
Morgan-Jinks self-efficacy scale has thirty items and three subscales: talent, effort and context. The items of this
scale are scored with 4-point Likert scale. Ten items belong to the subscale of talent, ten items to the subscale of
effort and ten items to the subscale of context. The range of this scale is 30-120. According to Morgan and Jinks, the
reliability of the scale is 0.82 and the reliability of talent, effort and context subscales is 0.78, 0.66 and 0.70,
respectively (23). The reliability of the scale in this study was 0.71.
2.4. Sample size
Based on the results of previous studies (24), the following formula and parameters were used to determine the
sample size: n = (Z1-α/2 + Z1-β) (S12 + S22) / (μ2 – μ1)2; where: µ1=20, µ2=22.58, S1=1.9, S2=2.1, α=0.05, β=20%. The
sample size was calculated as 12 according to the formula, but 15 participants were assigned to each group to ensure
a sufficient sample size, and finally 12 participants remained in the experimental group and 14 in the control group.
Four people did not complete the study.
2.5. Statistical methods
The data were analyzed by SPSS version 16 (SPSS Inc., Chicago, Illinois, USA) and statistical tests of repeated
measures ANCOVA. The Shapiro-Wilk test was used to check the normality, which showed normal distribution for
self-efficacy, but non-normal distribution for verbal memory of the participants (p=0.025).
2.6. Ethical considerations
This study protocol was approved at Islamic Azad University, Kerman Branch, Kerman, Iran (Ref: 134) and also
approved by the Ethics Committee (Ref: P/D/31/5/3343). The selected participants agreed to participate in the study
after the researcher presented the purpose and methods of the study to their respective faculties. Written informed
consent was obtained from the participants. The researchers confirmed the confidentiality of the information of the
participants using anonymous questionnaires.
3. Results
Thirty people enrolled in the study, but finally, twelve participants remained in the experimental group and fourteen
remained in the control group (male: 26.9%, female: 73.1%) with the mean age of 22.42±1.75 years. Figure 1 shows
the study flow chart based on CONSORT 2010. All the participants were medical sciences students. The mean age
of the experimental and control groups were 22.58±1.56 and 22.28±1.93 years respectively, which showed no
statistically significant difference between the two groups (p=0.45). To assess the primary hypothesis of the present
study, the descriptive statistics, including the mean and standard deviation of verbal and visual short-term, mediumterm and long-term memory and self-efficacy scores of the participants in both experimental and control groups, are
shown in Table 1. The information in this table suggests changes in visual and verbal short-term memory scores in
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the posttest compared to the pretest. For inferential analysis of the results, analysis of variance with repeated
measures and covariance were used. Therefore, it was necessary to investigate the normality of the data. Null
hypothesis on the proportion of covariance of verbal memory variable with the unit matrix was rejected in all
groups, but given that the probability level of Greenhouse-Geisser Correction was about zero and the size of both
groups was equal, it is not necessary to observe the assumption (Molavi, 2005). However, the null hypothesis was
confirmed for self-efficacy (p=0.063). The assumption of homogeneity of variances was assessed through Levene’s
test. The skewness of ±2 in the scores suggests normal distribution of the data (Table 2).

Figure 1. CONSORT 2010 Flow Diagram of the study
Table 1. Descriptive indicators of verbal memory, visual memory and self-efficacy
Experimental group (Mean±SD)
Control group (Mean±SD)
Pretest
Posttest
Follow-up p- value Pretest
Posttest
Verbal memory
20±1.9
22.58±2.1 2.41±2.06 0.001
1.78±2.77
21.85±2.93
Visual
Short-term
1.58±0.52 2.41±0.66 2.5±0.52
0.001
1.93±0.83
2±0.96
memory Medium-term 1.83±0.39 2±0.6
2.16±0.39 0.13
1.93±0.61
1.93±0.82
Long-term
10.8±0.29 2.08±0.28 2.16±0.39 0.001
2.07±0.61
2.21±0.58
Self-efficacy
59±5.42
59.75±5.8 9.25±5.72 0.062
58.93±4.99 59±4.99
Variables

Follow-up
22±2.45
1.93±0.83
2±0.68
2.07±0.61
58.85±5

p-value
0.57
0.73
0.77
0.57
0.093

Table 2. The p-value of normality of distribution, normality of data, homogeneity of variance and test for sphericity
Source
Skewness Kurtosis Shapiro-Wilk Levene’s test Mauchly’s W
Verbal Memory
-0.304
-1.102
0.025
0.098
0.132
Visual memory Short-term 0.369
-0.857
0.001
0.204
0.091
Mid-term
-0.207
1.027
0.001
0.428
0.015
Long-term 0.703
-0.575
0.001
0.108
0.001
Self-efficacy
-0.299
-0.283
0.119
0.574
0.437
Repeated measures ANCOVA was used to compare the difference of the mean scores of the research variables. The
results showed that the interaction between measurement stages and group membership in verbal and visual shortterm and long-term memory was significant (p<0.001, p=0.001, p=0.001); i.e., the difference between the mean of
scores of the variables was significant in pretest, posttest and follow-up stages (Table 3). Analysis of covariance was
used to investigate whether this change in scores was due to NFB or pretest. After adjusting pretest scores, there was
a significant effect of the factor among the participants for verbal memory (effect size=0.53, p=0.00, F23.1=26.21)
and visual short-term memory (effect size=0.61, p=0.00, F23.1=36.03). Analysis of the results showed that NFB
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could not develop a significant change in visual medium-term memory (p=0.57), visual long-term memory (p=0.55)
and self-efficacy of the experimental group (p=0.094) (Table 4).
Table 3. The interaction effect between group membership and repeated measures of verbal memory,
visual memory and self-efficacy subjects
Source
SS
df
MS
F
p-value ES
Power
Interactions Verbal memory
22.59 2
11.29 30
<0.001 0.55
1
Visual memory Short-term
3.11
2
1.56
16.77 0.001
0.41
0.99
Medium-term 0.23
1.53 0.15
0.68
0.47
0.028 0.14
Long-term
4.22
1.17 3.62
17.6
0.001
0.42
0.99
Self-efficacy
1.2
1.87 0.65
1.99
0.15
0.076 0.39
SS: Sum of Square, df: Degree of Freedom, MS: mean of Square, ES; Effect size
Table 4. Summary results of analysis of covariance (ANCOVA) for the effectiveness of NFB on verbal memory,
visual memory and self-efficacy of the experimental group, with covariate of pretest
Variable
SC
SS
df MS
F
p-value ES
Power
Verbal memory
Pretest 116.73 1 116.73 111
<0.00
0.83
1
Group 27.56
1 27.56
26.21
<0.00
0.53
0.99
Visual memory Short-term
Pretest 14.45
1 14.45
134.79 0.002
0.85
1
Group 3.86
1 3.86
36.03
0.001
0.61
1
Medium-term Pretest 3.68
1 3.68
9.16
0.006
0.28
0.82
Group 0.13
1 0.13
0.32
0.57
0.014 0.085
Long-term
Pretest 0.49
1 0.49
2.38
0.13
0.094 0.31
Group 0.076
1 0.076
0.37
0.55
0.016 0.09
Self-efficacy
Pretest 499.55 1 449.55 640.25 <0.00
0.96
1
Group 2.38
1 2.38
3.06
0.094
0.12
0.39
P<0.05, SC: Source of changes, SS: Sum of Square, df: Degree of Freedom, MS: mean of Square, ES: Effect size
4. Discussion
The aim of this study was to determine the effects of NFB training on verbal and visual memory and self-efficacy in
students of Rafsanjan University of Medical Sciences. The results of this study showed a significant difference
between the experimental and control groups in terms of verbal memory performance, that is, the experimental
group had a better performance on the posttest. Verbal memory is one of the important cognitions in the correct
naming of emotional facial expression recognition. Correct encoding of the information about the recognition of
facial expressions of excitement depends on verbal memory (25). The NFB improves the activity of the frontal lobe
as well as the activation of the neural circuits associated with actuator functions and memory and improves the
defects of executive function and active memory (26). The findings of the present study are consistent with the
results of Alidusti et al. and Gholizad et al. (24, 27). Also, Sarvghad et al. demonstrated that the NFB led to an
increase in the verbal memory in women after breast cancer treatment (28).
In this study, increased SMR protocol was used in Cz, where sensorimotor, motor and cingulate cortices are located.
Regarding the relationship between memory and sensorimotor cortex of the brain, it seems that brainwave changes
in the zone will lead to changes in the performance of various functions in this zone such as memory. In the present
study, NFB had no effect on visual medium- and long-term memory. The results of this study contrasted with the
study of Gholizadeh et al. (24). It seems that the visual memory is related with various variables, such as intelligence
(29-31), critical thinking (32) and motivation (33) that are not assessed in this study. Since the encoding zone, verbal
memory and working verbal memory are on the left side of the brain and visual-spatial memory is on the right side
of the brain, and given that the reference electrode was placed on the left side of the head in this study, and as a
result, the left side of the brain was further under beta waves, perhaps it was more effective on verbal memory and
was less effective on visual memory. In addition, Fatollahpour et al. studied the effectiveness of NFB on intelligence
in children with dyslexia. In their study, long-term memory significantly changed after NFB (34). Perhaps the reason
for this inconsistency is the protocol performed. The protocol used in this study was increased SMR and reduced
theta in the Cz, while the researchers mentioned increased SMR, decreased theta from 4 to 7 Hz and beta from 22 to
30 Hz in C3 and C4 zones in addition to increase SMR and decrease theta in the Cz. In the present study, NFB could
not increase self-efficacy of the participants in the experimental group. Self-efficacy is an internal and psychological
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variable affected by many variables. It needs time, and the person should be placed in different practical situations to
try his skills and turn them into beliefs over time. Since the measurement was performed at posttest and follow-up
immediately, and one month after NFB, perhaps it was too short for skills to change to beliefs and thus increase selfefficacy.
5. Conclusions
It can be concluded that NFB is effective in improving verbal memory and some dimensions of visual memory.
Therefore, NFB can be used to improve the memory of individuals in various parts of life and work. It is suggested
that the impact of NFB on academic achievement be assessed through improved work memory. Further studies are
needed to clarify the effectiveness of NFB training in different psychological variables or physical disorders.
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