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Exploring the applicability of portable EEG technology in 



unmanaged classroom settings and managed group experiments 



Abstract


With portable electroencephalography (EEG) technology (PEEGT) new fields of exploration 
 emerge as PEEGT devices are agile and inexpensive. This is interesting to the educational field 
 where research is often criticized for its lack of quantitative studies. Devices from Emotiv and 
 Neurosky are widely used in educational research, but there is a lack of studies conducted in 
 classroom settings and only a few studies include their own assessment of the EEG device. 


Given that attention is seen as a prerequisite to learning, the following question is obvious: what 
 are the consequences for classroom teaching? We investigated, utilizing PEEGT, if it was possible 
 to measure whether students paid attention, while simultaneously exploring the limits of the 


applicability of the chosen PEEGT equipment. In a classroom study, we sought to measure 
 whether students paid attention to a lecturer-controlled classroom teaching. The experiments 
 performed did not allow us to measure if the students paid attention to the teaching. Analysis of the 
 results produced three possible explanations: 1. The method employed is not valid, 2. The 


attention metric used is not valid, 3. The MWM or prototype-based collection of data was 
 unreliable. 


These questions were the background for a group study. We compared results from experiments 
 with clearly defined tasks with the predicted results to establish whether the measurements were 
 reliable. The experiments conducted verified the overall reliability of the MWM and the prototype. 


We also concluded that to measure attention with a high level of certainty, you need to repeat the 
 trials. One solution to this problem may be to apply additional research tools besides PEEGT, e.g., 
 heart rate (HR). 


We considered the validity of the method as well as the attention metric employed in light of the 
 studies conducted. That triggered the following main questions: Is the comparative analysis 
 between EEG data and observed somatic markers possible and reasonable? Is attention a 
 phenomenon that is measurable and may be reasonably represented by one metric? Is our 
 understanding of EEG data still so premature that it is difficult to interpret exactly what the waves 
 tell us, especially in relation to complex phenomena like attention?  



Introduction 


The struggle for the students’ attention is an issue in current education. A host of sources (e.g., 
smartphone, chat forums and Facebook) is constantly competing for their attention. This multitude 
of possible focus points may have implications for learning as students find it hard to direct their 
attention persistently to one source, e.g., the lecturer. If the teaching or the subject is perceived as 
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 uninteresting or overly demanding, it is easy to switch source. One obvious question seems 


relevant: What are the consequences of this constant struggle for attention for classroom 
 teaching? 


It is possible to study the consequences through observations and questionnaires. Both are 
 subjective, possibly imprecise methods and based on remembrance. Data recalled after an event 
 occurred may often be biased (Shiffman, Stone, & Hufford, 2008). Conclusively, we lack objective 
 quantitative data recorded in real time to facilitate the study of the didactic and pedagogical 
 implications of this problem. 


At the University College of Northern Denmark (UCN), both computer science and neuro-pedagogy 
 are researched and taught. When the agile and inexpensive portable electroencephalography 
 (EEG) technology (PEEGT) emerged, it became feasible to record real-time EEG data in the 
 classroom, one of the possible outcomes being an attention metric. From a neuro-pedagogical 
 perspective, attention is a pivotal measure because it is a prerequisite to learning (Levine, 2002), 
 (Lauridsen, 2016). Attention may be defined as follows: “Attention is the ability to focus 


continuously on a particular action, thought or object. Attention is controlled by both cognitive top-
 down factors, such as knowledge, expectation and current goals, and bottom-up factors that reflect 
 sensory stimulation” (Molina-Cantero, Guerrero-Cubero, Gómez-González, Merino-Monge, & 


Silva-Silva, 2017). On this basis, the initial project idea emerged, Is it possible to measure whether 
 students pay attention to the teaching in the classroom? If so, our solution may have great 


potential in the didactic and pedagogical research fields. A literature search revealed lack of 
 studies measuring attention in naturalistic classroom settings (Xu & Zhong, 2017). Only a few 
 studies employed EEG recordings in groups or in classroom settings (Dikker et al., 2017), 
 (Poulsen, Kamronn, Dmochowski, Parra, & Hansen, 2017), (Peña, Caicedo, Moreno, Maestre, & 


Pardo, 2017). However, none of these studies recorded and provided feedback in a naturalistic 
 teaching context.  


Our study process was based on the Design Based Research (DBR) methodology. DBR is a broad 
 research approach developed by A.L. Brown (Brown, 1992) and A. Collins (Collins, 1992). It is 
 primarily used in research within the fields of education, didactics and learning. One of the basic 
 assumptions in DBR is that learning processes must be studied in the context in which they take 
 place (Christensen et al., 2012). 


We aimed to maintain transparency and validity, while staying focused on learning from the 
 process. This aim was pursued through an iterative process where experimental data were 
 evaluated, and our research design refined. 


In relation to biometrics like attention in a naturalistic classroom setting, significant parameters are 
 uncontrollable, e.g., temperature, light, noise, outside events and the student’s blood sugar level 
 and mood. In addition, some measurement inaccuracies may be expected. To mitigate influences 
 from these error sources, we focused on the group or class rather than on each individual student, 
 i.e., we studied the average attention level rather than each subject’s individual attention level. One 
 potential disadvantage of this approach is that the group or class’ attention may be high without the 
 students focusing on the instructions. Such sources of misinterpretation may, however, be 


countered through the choice of an appropriate study design and the use of qualitative methods. 


Other methods explore the individual student’ attention level. If all students in a group have a high 
level of attention, then the group probably focuses on the same event (EEG synchrony). The 
individual student’s attention level may be measured using EEG synchrony total interdependence  
(Wen, Mo, & Ding, 2012), used in (Dikker et al., 2017) xx or inter-subject correlation and canonical 
correlation analysis, used in (Dmochowski, Sajda, Dias, & Parra, 2012), (Poulsen et al., 2017). 
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 These methods will not show a high attention level if the students are engaged individually with, for 
 example, social media. 


For the experiments, a prototypical system was developed for collection of EEG data. The 


MindWave Mobile EEG headset (MWM) from Neurosky was pretested and chosen as the PEEGT 
 device. The MWM is comfortable and agile, as it is quick and easy to set up. It has been used in 
 several educational research projects (Xu & Zhong, 2017) and was reviewed by  Xu and Zhong 
 (Xu & Zhong, 2017) and Johnstone et al. (Stuart J. Johnstone, Blackman, & Bruggemann, 2012), 
 among others. See the Appendix for a technical description of the MWM and the prototype. 


Sparse research has been devoted to studying the MWM’s out-of-the-box applicability, i.e. 


investigation of its proprietary algorithms for filtering out artefacts and calculating mental state 
 metrics by use of the ATTENTION eSense meter and the MEDIATION eSense meter. In the 
 present paper, Attention capitalized refers to the ATTENTION eSense meter, and Meditation 
 capitalized refers to the MEDITATION eSense meter. Our main interest was Attention even though 
 we also explored Meditation, hoping to gain more knowledge or consolidate the Attention 


measurements. 


The metrics as described by Neurosky: 


The eSense Attention meter indicates the intensity of a user's level of mental “focus” or “attention”, such as that which 
 occurs during intense concentration and directed (but stable) mental activity. Its value ranges from 0 to 100. Distractions, 
 wandering thoughts, lack of focus, or anxiety may lower the Attention meter level. 


The eSense Meditation meter indicates the level of a user's mental “calmness” or “relaxation”. Its value ranges from 0 to 
 100. ... Meditation is related to reduced activity by the active mental processes in the brain. It has long been an observed 
 effect that closing one's eyes turns of the mental activities which process images from the eyes. So, closing the eyes is 
 often an effective method for increasing the Meditation meter level. Distractions, wandering thoughts, anxiety, agitation, 
 and sensory stimuli may lower the Meditation meter levels.  (Neurosky developer team, n.d.) 



Classroom study  


The classroom study design was based on mixed methods. Quantitative class Attention 


measurements were to be qualified by observations and interviews through the following steps: 


  Simultaneously record EEG (Attention) and video (4 cameras) during 45 minutes of 
 classroom teaching 


  Extract and synchronize the EEG measurements and the video recordings. 


  Calculate the average Attention per second and create a graph representation 


  Select significant sections from the graph based on objective criteria and produce matching 
 video clips 


  Compare each graph section with the matching video clip. Micro-analyse the video 
 observations based on somatic markers. 


  Perform student focus group interviews to discuss the video clips. 


In line with the agile and naturalistic approach, there were no requirements to lecturers, classes or 
the teaching context, besides the session being lecturer-controlled. For instance, students were not 
screened and the teaching context and content was not designed to the experiment. 
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 Somatic markers are an intrinsic physiological phenomenon, but, even so, allow for bodily 


expression through language, behaviour and social choices. Knowing that it is an interpretation of 
 Damasio’s theory formation about the somatic markers, we use the term "sign" in this project, 
 which is inspired by Damasio’s theory formation (Bechara & Damasio, 2005). In the field of 
 international neuroscience research, signs, character reading and analysis are being worked on. 


Emotions are a vital feature of the brain, body and the world, and emotions can exert an influence 
 on attention, memory and learning (Mortensen 2016). 


In line with the classroom study design, two classroom experiments were organised and 


conducted. Both experiments lasted 45 minutes and the teaching was -controlled by the lecturer. 


One of the lecturers had a restrained approach, while the other had a forward approach, being 
 charismatic with clear and direct communication and firm classroom management. This difference 
 in approach was evident from the video material.  


Even when classroom management was firm, we found no match between the Attention data and 
 the video observations in the comparative analyses. Clear pedagogical methods such as knocking 
 on the board, raising one’s voice and using body gestures were not observable in the Attention 
 graphs.  


Overall, we found no indications that the Attention measurements were consistent with the video 
 observation analyses and the students’ feedback. This implied that our measurement of the 


students’ attention level failed, as Attention data were not qualified by observations and interviews. 


Furthermore, the reliability of the MWM and the prototype was not confirmed. The analysis of the 
 study suggests that the use of the Attention metric requires firm classroom management to ensure 
 that attention is synchronized on the teaching. 


After the classroom experiments, the pivotal question guiding our further research was: Why were 
 the Attention measurements inconsistent with the video observation analysis and the students’ 


feedback?  


1.  This might be due to the method employed; specifically, the assumption might be incorrect that 
 a high level of measured Attention would be consistent with observable signs (somatic 


markers) of attention in the classroom. 


2.  The assumption that the Attention algorithm is valid for measuring the kind of attention we 
 strive to measure in the classroom may be incorrect. What is called attention in a neuro-
 pedagogical perspective may differ from the Attention algorithm’s interpretation of attention. 


3.  Inconsistency might be due to unreliable measurements caused by the MWM, e.g., inadequate 
 or erroneous algorithms, or might be caused by the minimalist set-up with a single-channel dry 
 sensor.  Unreliable measurements might also be due to errors in the complex functions 


recording, synchronizing, gathering and saving data of the prototype.  



Materials and Methods - Group study  


The classroom study served as the foundation for the group study. The objective of the group 
 study was to investigate further the reliability and validity of the MWM, including its metrics. 


Concerning reliability, according to Xu and Zhong, the MWM technology is widely used in 
 educational research, but only two of 18 papers address the reliability issue directly by formal 
 experiments (Xu & Zhong, 2017).  


If we find that the MWM can, indeed, produce reliable measurements, this will qualify our 
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 interpretation of the classroom recordings further and allow us to explore questions 1 and 2 in 
 greater depth.  


In the group study, the recording of Meditation continued though the meaning of Meditation in a 
 pedagogical context was unclarified. Furthermore, measuring of HR was added. It is well-
 established that HR or heart-rate variation can provide an indication of  the cognitive load 
 (Haapalainen, Kim, Forlizzi, & Dey, 2010). Investigating this, we hypothesized that distinctly 
 different tasks would cause corresponding differences in EEG measurements. Some of the 
 questions we aimed to clarify were: 


  Whether the Attention level during demanding cognitive tasks is higher than the Attention level 
 during less demanding tasks – assuming that focused attention is a prerequisite for performing 
 cognitive tasks. 


  Whether the Meditation level during Meditation tasks is significantly higher than the Meditation 
 level during cognitively demanding tasks 


  Whether HR can supplement and consolidate Attention and Meditation 



Method 


We compared results from experiments with confined and distinct tasks with the theoretically 
 predictable results of these tasks. A high degree of compliance would then support the reliability of 
 MWM. Furthermore, investigating the metrics through confined tasks would possibly provide new 
 insights into the relation between behaviour and EEG measurements, in contrast to our results 
 obtained in the complex context of the classroom sub study. 


Another procedure for testing the reliability of the MWM headset is to compare results from 


experiments using MWM with results from similar experiments using professional EEG equipment, 
 the reliability of which has previously been established. The degree of consistency between the 
 results would then indicate the level of reliability of the MWM. Johnstone usesd this approach with 
 a predecessor of the MWM, i.e., the Neurosky MindSet headset (Stuart J. Johnstone et al., 2012); 


and Badcock takes a similar approach with the Emotiv Epoc (Badcock et al., 2013). The latter 
 procedure was not feasible in our experiment, as the Neurosky proprietary metrics cannot be 
 compared with measurements from other kinds of equipment.  


To test the technical setup and obtain input allowing us to choose appropriate tasks, pre-tests were 
 performed. Five sessions with 7-8-person groups, and four sessions with 4-person groups were 
 held. The tests indicated that open eyes (EO) versus closed eyes (EC) had a considerable impact 
 on compliance with results from previous research (Chih-Ming & Chung-Hsin, 2010) (Neurosky, 
 2015). Even though EC tasks are irrelevant in an educational context, they are good markers in the 
 testing of the reliability of EEG devices. In the pre-tests, we used cognitive tasks from 


Lumosity.com performed on a PC. The results were unclear. Some of the questions raised were: 


Did the Attention level depend on the movement and light changes on the screen as previously 
 suggested (Poulsen et al., 2017) or was the Attention level affected by the physical use of the 
 keyboard? 


Based on these considerations and tests, experiments with even simpler tasks were designed for 
 the following three sets of measurements: Attention, Meditation and HR.  


To design the tasks, these parameters were used:  
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  Eyes Open (EO) vs. eyes closed (EC) 


  Cognitive load 


  Meditation (relaxation) 


  Movement 


  Idle – do nothing 


Evidence suggests that EC reduces most of the EEG power bands; according to previous 
 research, theta, alpha and beta are reduced (S. J. Johnstone, Blackman, & Bruggemann, 2012). 


EEG is widely used to measure the level of cognitive load, which is strongly related to attention. In 
 cognitive-load tasks, the subject is directed to focus on a single challenge. In general, HR reflects 
 cognitive load (Durantin, Gagnon, Tremblay, & Dehais, 2014). Therefore, HR readings can 
 supplement EEG readings, e.g., if HR and Attention levels increase during a cognitive task, this 
 supports the credibility of the MWM. 


Meditation is supposed to lower the cognitive load and thereby the HR. Furthermore, according to 
 Neurosky’s Meditation description (see the Introduction), reduced mental activities will raise the 
 Meditation level and lower the Attention level. Movements that include large muscle groups such 
 as the thighs increase the HR and decrease relaxation and possibly also the attention level. 


The purpose of the idle tasks below is for the students to get used to the situation. 


Designed sequence of tasks in each session: 
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Table 1: Sequence of tasks 


Tasks 2–9 were evaluated with respect to the three metrics of Attention, Meditation and HR. 


Subsequently, the tasks were grouped and ordered per metric respective to their predicted level, 
 with the predicted highest values ordered first. The purpose was to establish a basis for comparing 
 the actual outcome with the predictions. 


Regarding Attention evaluation, cognitive load is expected to increase (↑) the level, whereas EC 
 and meditation are expected to decrease (↓) the level. Movement not accounted for. 


Figure 1 shows predicted effect by parameters at the top and predicted order based on level at the 
bottom. The dotted arrow line shows examples of how parameters are placed in the ordered 
groups. 
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Figure 1: Attention – predicted effect by parameters and predicted order based on level


Regarding Meditation, EC and Meditation are expected to increase (↑) the level, whereas 
 movement and cognitive load are expected to decrease the (↓) level. 


Fig. 2 shows predicted effect by parameters at the top and predicted order based on level at the 
 bottom, with examples of how parameters are placed in the ordered groups. 


Figure 2: Meditation – predicted effect by parameters and predicted order based on level 


Regarding HR, movement and cognitive load are expected to increase (↑) the level, whereas 
 Meditation is expected to decrease the (↓) level.  


Fig. 3 shows predicted effect by parameters at the top and predicted order based on level at the 
 bottom, with examples of how parameters are placed in the ordered groups. 


Figure 3: HR – predicted effect by parameters and predicted order based on level 


Aside from the ordering of tasks, similar tasks are expected to have measurements at the same 
 level. Table 1 shows that tasks 3a and 5a are similar as is tasks 3b and 5b. 


During a 9-task session, pauses and instructions are needed. As the general levels of Attention, 
 Meditation and HR may vary for each set of subjects (group), comparison between sessions are 
 invalid. Instead, we compare the tasks of a session, assuming that the non-controllable parameters 
 are constant during the relatively short duration of a session, for example, no tiredness is 


expected. 
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Group study experiments  


Four sessions were performed on 22 May 2019, 8:30-11:00 and another four sessions on 16 
 September 2019, 9:00-12:00. Essential specification: 


  The sessions had a duration of approx. 20 minutes 


  Instructions were given by the test leader 


  Each session included six students from the AP Building Constructor education, aged 18-35 
 years - primarily males, randomly chosen and unscreened. The students were classmates and 
 one of the test assistants were their lecturer. 


  Attention, Meditation and HR were recorded 


  Two video cameras recorded the students and the test leader. 


The tasks series performed were the same in all sessions, except that tasks 8 and 9 were switched 
 between experiment days. This change was introduced because the physical exercise in task 8 
 had a relatively long and uncontrollable effect on the subjects’ HR. Specifically, the persons’ 


physical fitness decided the duration of increased HR, thereby influencing the HR of subsequent 
 tasks in an unpredictable manner. 


 Figure 4: Session progress 


Furthermore, on 16 September, we experienced issues with the recording equipment during 
 sessions 2 and 4. For example, in session 2, 59% of the data were missing from task 5A; and for 
 session 4, up to16% of data were missing for some of the tasks. These problems also distracted 
 the subjects. Consequently, these sessions were not analysed. The technical issues were absent 
 in other sessions.  


Below, the 22 May sessions are labelled session 1-4, whereas the 16 September sessions, 
 originally called 1 and 3, are labelled session 5 and 6. 


The students were placed in a row of six tables facing a whiteboard and the test leader. Each 
student wore an MWM headset fixed by a headband and an HR monitor on the arm, both 
thoroughly fitted under the test assistants’ supervision. Near each student was a mobile phone 
collecting EEG data. The sessions were recorded by one camera placed next to the whiteboard 
facing the students, and another camera placed behind the students and facing the whiteboard and 
the test leader. 
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Figure 5: Experimental setup    


The tasks were introduced by the test leader using a presentation shown on the whiteboard. 


Approx. 1-2 minutes of small talk were allowed between each task to get a new baseline for the 
 next task. The video and EEG recording were continuously supervised by the test assistants. To 
 facilitate synchronization of the recorded video and EEG data, the beginning and end, as well as all 
 tasks of each session were marked with visual signals and sound signals audible to the students. 


In session 5, a series of unfortunate events occurred, e.g., noise from a mobile phone, incorrect 
 instructions which were subsequently corrected and sound signals at incorrect times.  


The outputs from each session were observation notes, a video recording per camera and every 
 second of data for Attention, Meditation and HR for each subject. 



Results  


Below we present the results from the group experiments 


Attention 


Averages for each task are ranked by Attention level. Figure 6 shows the overall average size and 
 ranking of the tasks, with an All bar added. The All bar depicts the overall average for the period 
 from the start of task 2 to the end of the final task. Task label and average value are displayed 
 below each bar, the ordered rank and the prediction arrows are displayed above each bar. EC 
 tasks are marked with a thick bar border and ‘EC’ added to the task label. The tasks predicted to 
 have the highest level of Attention are the three blue bars.  
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Figure 6: Average all sessions combined, session 5 omitted


As predicted in figure 1, the EO cognitive load tasks 4, 6, and 9 have the highest levels of 


Attention, with the word memory task 6 achieving the highest score. The three EC tasks are ranked 
 8-10, with the EC cognitive load task achieving the overall lowest level of Attention. This suggests 
 that the EO/EC is a dominant parameter, as the Attention level of the EC tasks, together with the 
 movement task, scored significantly lower than the other tasks, even EO meditation tasks. 


Meditation with EO is ranked in the mid-range (4-6) as expected, but the level of task 7 is 
 unexpectedly high compared with the cognitive tasks. It is noticeable, though, that this was the 
 successor of the task that recorded the highest overall level of Attention. The low Attention level of 
 the movement task suggests that physical challenges are incompatible with a high level of 


Attention. The similar tasks 3a, 5a as well as 3b and 5b recorded the same level, underpinning the 
 reliability of the MWM. 


Fig. 7 shows the per-session average size and ranking of the tasks 
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Figure 7: Average tasks and overall 


Figure 7 provides detailed information on the overall Attention size and ranking of tasks. The 
 results of Session 5 are clearly different from those of the other sessions. To take an example, task 
 6 is ranked first in all sessions, except for session 5 where it is ranked fourth. Furthermore, the 
 span of average Attention level of the tasks is considerably lower in session 5 (12.9) than in the 
 other sessions (26.3 – 22.6 – 16.1 – 28.1 – 27.5). The fact that session 5 stands out is consistent 
 with the problems and disruptions experienced when executing session 5. 


Barring session 5, tasks 4, 6 and 9 are consistently above the overall average; in session 3, they 
 even ranked top 3, as expected. Besides task 6 being ranked first, scores are not consistent 
 across sessions; for example, in session 2, task 4 is ranked fourth and in session 4, task 9 is 
 ranked fifth. Furthermore, other tasks intermix; for example, task 3b, which is ranked second in 
 session 1, and task 7, which is ranked second in session 6. 


The t-test revealed that in some cases, the different levels of Attention of the various tasks fell 
short of reaching statistical significance, suggesting that measuring attention and cognitive load 
using the MWM does not produce consistent result. 
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Table 2: Attention t-tests 


In the t-tests, the null hypothesis was that - as seen in Session 1 - the tasks 5b and 6 have equal 
 Attention data (Hyp5b,6). Table 2 shows that in sessions 1, 2, 3, 4 and 6, Hyp5b,6 was rejected as the 
 p values are lower than 0.05, meaning that tasks 5b and 6 Attention data are statistically 


significantly different in those sessions. However, this is not the case for all t-tests. For instance, in 
 Session 02, Hyp2,3a were not rejected, meaning that the difference between the data is 


insignificant.  


Meditation 


The averages for each task are ranked for Meditation. Figure 8 shows the overall average size and 
 the ranking of the tasks. Tasks predicted to have the highest level of Meditation are shown as 
 brown bars.   


 Figure 8: Average all sessions combined, Session 5 omitted


The three EC tasks are ranked as first to third with levels considerably higher than those recorded 
 for the rest of the tasks are. In session 4, task 2 is even ranked first. Again, this suggests that the 
 EO/EC parameter is dominant. However, the cognitive EC task 2 is at a lower level than EC 
 meditation tasks 3a and 5a, having the highest levels of Meditation, as predicted. For EO, the level 
 of the Meditation tasks is significantly higher than for the other EO tasks. As predicted, tasks 4, 6, 8 
 and 9 have the lowest level of Meditation, with task 8 consistently recording the lowest level during 
 all sessions. The similar tasks 3a, 5a as well as 3b, 5b have similar Meditation levels. 


Overall, the results are in line with the Attention results. 
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 Heart rate 


The averages for each task are ranked in terms of HR. Figure 9 shows the overall average scores 
 and the ranking of the tasks. The tasks predicted to have the highest level of HR are presented 
 with a blue bar.  


Figure 9: Average all sessions combined, session 5 omitted 


As predicted, movement and cognitive load tasks are ranked first to fifth; with the level of tasks 8, 
 2, 4 and 6 being significantly higher than the level of the meditation tasks, with task 9 only ranging 
 slightly higher than the meditation tasks.  


Note that task 2 increases HR as much as task 8, which is a Movement task. This indicates that 
 HR and a high cognitive load are as firmly linked as HR and movement (physical exercise). Only 
 our detailed results indicate that the students’ HR increases and decreases faster when exposed to 
 a cognitive task than to a physical task. All the meditation tasks are at the same level, possibly 
 near the subjects’ normal HR. The EC tasks are ranked 2, 6 and 8, indicating that the EO/EC 
 parameter has either a minor or no effect on HR. 


Figure 10 presents the per-session average size and ranking of the tasks, including the All bar. 
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Figure 10: Average tasks and overall 


Figure 10 demonstrates that the tasks that indisputably increase HR (i.e. tasks 2, 4, 8 and 6) are 
 ranked very consistently. This is even the case when including the imperfect session 5, as shown 
 in Table 3. 


Table 3: HR. Accumulated ranking of tasks based on average


T-tests, for the null hypothesis that tasks 5b and 6 would have equal HR data (Hyp5b,6) had p 
values between 3.2E-17 and 3.3E-33 and was therefore rejected for all sessions. T-tests (Hyp2,3) 
had p values between 1.6E-03 and 2.9E-32 and was therefore also rejected for all sessions.  
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Conclusion  


The reliability of the MWM and the data collection of the prototype were confirmed by the group 
 study. Comparative analyses demonstrated that results from experiments were compliant with the 
 predicted results, thus supporting the reliability of the MWM. The Attention results indicate that 
 cognitive load and a high level of Attention, as well as Meditation and a low level of Attention, are 
 linked. The Meditation results indicate that meditation and a high level of Meditation are linked, as 
 are cognitive tasks and a low level of Meditation. The HR results indicate that cognitive load and a 
 high level of HR are linked, as are meditation and a low (normal) level of HR. Combined, the 
 results clearly indicate that cognitive tasks yield a high level of Attention, a low level of Meditation 
 and a high level of HR. Another finding is that the EO/EC parameter is dominant. 


Also supporting the reliability of the MWM is that similar tasks within the same session obtained the 
 same level of Attention and Meditation. Altogether, this indicates that Attention, Meditation and HR 
 are robust metrics for recognizing cognitive load and meditation.  


Even though the reliability of the MWM was clear considering the sessions overall, the results of 
 the five individual sessions were more diverse. In some sessions, we found examples of meditation 
 tasks that had a higher average Attention value than some cognitive tasks; and examples of 


cognitive tasks with a higher average Meditation value than some meditation tasks. This indicates 
 that a single trial is insufficient to obtain reliable data for Attention and Meditation.  


Opposite the Attention and Meditation results, the HR results were consistent throughout the 
 sessions, even when session 5 was included. Furthermore, the difference in HR levels between 
 cognitively demanding tasks and meditation tasks, were more significant than the differences in 
 both Attention and Meditation levels between cognitively demanding tasks and meditation tasks. 


This indicates that the HR recognizes tasks with a high cognitive load and is more tolerant to 
 disturbances and therefore a robust method. 


In conclusion, to measure Attention and Meditation with a high level of certainty, the trials need to 
 be repeated, which is possible for the group trials but not for the one-shot trial of classroom 
 lectures. This shortcoming may be remedied by applying more research tools than just the mobile 
 EEG (Xu & Zhong, 2017), possibly HR measurements. 


Use of the Attention, Meditation and HR metrics produces results that can potentially be useful for 
 consolidating the results from one-shot trials. If, during a cognitive task, for example, Attention and 
 HR are high, while Meditation is low, the combined results support the results of each metric.  


Table 4 shows the overall ranking of the cognitive tasks for the three metrics. The relation between 
 the metrics is obvious, e.g., for cognitive task 6, Attention and HR are ranked high, whereas 


Meditation is ranked low. 


Cognitive task no.  Attention rank  Meditation rank  HR rank 


2 EC  10  3  2 


4  3  9  3 


6  1  7  4 


9  2  8  5 


Table 4: Cognitive tasks and the three metrics 


Some fully explainable deviations need to be considered. For Attention and Meditation, task 2 
deviates because of the dominant EC effect, and the movement task is ranked tenth in Meditation 
and first in HR. However, a number of problems must be resolved before consolidation may be 
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 achieved. One being the fluctuations of Attention and Meditation between trials, another being the 
 dissimilar effects the same tasks have on Attention and HR. For example, task 6 is ranked first and 
 fourth with regard to Attention and HR, respectively. See Table 4.  


Throughout the study group experiments there were some inconsistencies. With regards to 
 Attention, task 6 had a considerably higher level than the other cognitive tasks. Based on a 


subjective assessment, task 6 was not more cognitively challenging than the other cognitive tasks; 


indeed, the calculation tasks 2 and 4 were possibly more challenging. Even so, cognitive load 
 might be higher for the memory tasks than for the mental arithmetic tasks. Other explanations of 
 cognitive task differences may be that the functions of calculation, word processing and image 
 processing affect different neural networks and thus affect the EEG data captured from AF3 
 differently, possibly leading to different levels of Attention being recorded. With regards to HR, the 
 calculation tasks rank higher than task 6, again indicating that the tasks are processed differently in 
 the brain, causing different effects on the cardiovascular system. 


The deviations between sessions for Attention may have several explanations. It is possible that 
 measurements were correct, i.e., in some cases the students did, in fact, have a higher level of 
 Attention during Meditation tasks than during Attention tasks. Deviations may also be caused by 
 MWM inadequacy in combination with low measurement tolerance; thus, if task average levels only 
 tend to differ a little and the measurement inaccuracies are significant, this might lead to faulty 
 results and thereby incorrect conclusions. 


Overall, the group study has proven that the MWM and the prototype are sufficiently reliable to rule 
out that the classroom study failure was due to unreliability. The group study has allowed us to 
gain more insight into the classroom study, suggesting that failure was due to the assumption that 
a high level of measured Attention would be consistent with observable signs of Attention in the 
classroom. Alternatively, we may assume that the Attention algorithm is valid for measuring the 
kind of attention we strive to measure in the classroom. 
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Discussion 


Society is changing rapidly, affecting students’ learning processes and multiple sources, including 
 social media among others, constantly compete for students’ attention. Attention is seen as a 
 prerequisite to learning, so it seems relevant to ask: What are the consequences of this constant 
 struggle for attention for classroom teaching? Didactic and pedagogical research is characterized 
 by a scarcity of quantitative data recorded in real time to study, among others, how societal 
 changes affect learning. When PEEGT emerged, new opportunities appeared. 


The classroom study and the group study use MWM and apply its proprietary algorithms to filter 
 out artefacts and calculate the mental state metrics Attention and Meditation. In the classroom 
 study, we aimed to measure whether students paid attention to classroom teaching. In the 
 experiments, the teaching was lecturer-controlled, but otherwise unmanaged, drawing on a 
 naturalistic classroom setup. This method was used was to qualify quantitative Attention 
 measurements by observation analysis based on somatic markers as well as focus group 
 interviews. For the experiments conducted, this was not possible, wherefore measuring whether 
 students paid attention to the teaching failed.  


The purpose of the group study was to verify the reliability of the MWM and the prototype used, 
 and to gain more insight into MWM applicability by comparing the actual results from experiments 
 with clearly defined tasks to the predicted results. If the experimental results matched the predicted 
 results, this underpinned the reliability of the MWM and the prototype. For the experiments overall, 
 the comparative analysis yielded in a match, implying that the MWM and the prototype were 
 reliable. When looking at the individual experiments, we found the same trend, but deviations were 
 also observed, possibly due to low measurement tolerance caused by small differences in the 
 average levels of the tasks. 


The results of the classroom study may be explained in three ways: 1. The method is not valid, 2. 


The MWM Attention is not valid, 3. The method for collecting MWM or prototype data is not 
 reliable. The results of the group study proved that the MWM and the prototype were sufficiently 
 reliable to rule out that the classroom study failure was due to unreliability; hence, one of the other 
 two explanations may possible explain the results of the classroom study. 


A crucial element in the employed method was the qualification of quantitative Attention 


measurements by analysing the cognate video observations based on somatic markers. However, 
 the brain waves and the somatic markers might be unconnected or connected in a more subtle 
 manner. For instance, the phenomena might be asynchronous, making a match impossible. 


Basically, we need to ask whether it is valid and appropriate approach to conduct comparative 
 analyses on material that is so fundamentally different. The quantitative data are based on brain 
 waves, while the qualitative data are video observations analysed based on somatic markers, 
 which are subjective and experience-based bodily expressions. From the very outset, the somatic 
 markers are intersubjective, and unfortunately only some markers are expressed bodily. However, 
 what appears bodily and thereby becomes observable, and what remains unobservable? The EEG 
 measurements and the bodily expressions may also be offset temporally, meaning that the 


phenomena would be out of synchronisation and thus incomparable. For example, the accuracy of 
the EEG equipment is determined from event-related potentials (ERP) measured in microseconds 
(Badcock et al., 2013); and brainwaves or patterns that express attention are measured and 
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 change within microseconds (Poulsen, 2019). In contrast, the timeframe was 2-8 seconds when we 
 performed microanalysis based on somatic markers. What can these comparative analyses tell us 
 in terms of attention? 


Concerning validity, one issue is simply whether MWM Attention measures what we - in a 
 pedagogical or neuro pedagogical sense - perceive as attention. Furthermore, as attention is a 
 complex concept, it may be problematic to calculate a single attention value. As mentioned, 
 attention is controlled by both top-down factors and bottom-up factors. A similar idea is to divide 
 attentional task into intake tasks and rejection tasks, which even have different effects on the 
 cardiovascular system (Ray W J and Cole H W, 1985). As attention consists of different 
 phenomena, these phenomena are associated with different neural circuits, possibly emitting 
 different brainwave frequencies. Furthermore, different mental functions are associated with 


different neural circuits. These circuits are non-linear, meaning that there is no unique link between 
 input and outcome. The MWM may have different capabilities for capturing the phenomena, which 
 may lead to Attention results that are hard to understand. This might explain the failure in 


recognizing attention in the classroom study. Possibly, attention during the classroom sessions 
 was controlled primarily by bottom-up factors, while attention during the group sessions was 
 controlled primarily by top-down factors. 


Additionally, during a cognitive task, to which degree does the Attention metric reflect attention as 
 such, and to which degree does it reflect the processing of the specific cognitive task? In the group 
 study, tasks, which include mental arithmetic, word and image processing, record high but still 
 different levels of Attention. As with the different attention phenomena, the mental arithmetic, word 
 and image processing functions are also associated with different neural circuits. 


In relation to these potential problems, the single-channel configuration of the MWM constitutes a 
 drawback when compared to multi-channel devices like the Emotiv EPOC. The MWM measures in 
 a single point (AF3) on the left hemisphere of the brain, causing restrictions in the overall capture 
 of brainwave emissions. It is not possible to evaluate and consolidate, e.g., Attention values 
 against data from more points. This may affect the results when considering tasks that apply 
 functions processed by different neural circuits. 


Based on our consideration on validity, the following questions arose: Is the comparative analysis 
 between EEG data and observed somatic markers possible and reasonable? Or are the parts 
 incomparable, possibly due to asynchrony? Is attention a phenomenon that is measurable and that 
 may reasonably be represented by one metric? Is our understanding of EEG data still so 


premature that it is difficult to interpret what exactly the waves reveal, especially in relation to 
 complex phenomena like attention? 


Another issue that may possibly explain the classroom study failure is vulnerability of the Attention 
and Meditation metrics to disturbances. For a recording system to be appropriate in the classroom, 
a certain degree of robustness and tolerance towards disturbances is apparently needed. The 
group study revealed that whereas the troublesome session 5 was useless in relation to Attention 
and Meditation, session 5 HR results were consistent with results from the other sessions. The HR 
metric may have the wanted tolerance towards classroom disturbances. In general, the applied 
low-cost optical HR sensor provided measurements that were more consistent in recognizing 
cognitive tasks than the MWM Attention metric. Some PEEGT producers have even announced 
that HR will be included in future products (“Muse 2: Brain Sensing Headband - Technology 
Enhanced Meditation,” n.d.).  
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 The following findings support the use of HR: 


  HR registers larger differences in levels between cognitive tasks and meditation tasks 


  HR is consistent throughout the sessions in its recognition of cognitive tasks. Furthermore, 
 HR is apparently robust towards study disturbances, as seen in session 5 


  HR is apparently ignorant towards the EC/EO parameter 


In conclusion, the MWM metrics are not appropriate for use in a classroom setting, at least not if 
 used as stand-alone metrics. Despite the fact that the group experiments generally supported the 
 reliability of MWM, they also revealed that a single trial was not always reliable. To measure 
 attention with a high level of certainty, it is necessary to repeat the trials or employ more research 
 tools alongside mobile EEG (Xu & Zhong, 2017), e.g., a HR device. 



Future research 


An essential objective of future research is to qualify the pedagogical and didactic discussions on 
 learning and learning processes as these discussions should not be based only on normative 
 beliefs and qualitative data. A knowledge base that includes quantitative data should also be 
 developed. Hence, a tool to produce a data foundation for discussions with professionals working 
 with learning processes must be developed. 


Our studies contribute with knowledge needed to prepare such a tool. In the process of developing 
 the tool, the following should be considered: interdisciplinary collaboration including technical and 
 pedagogical professionals, nuancing of the attention concept including optimal attention time and 
 level, improved EEG measurements and use of additional metrics. To develop a tailored tool 
 usable in relation to unmanaged classroom teaching, interdisciplinary collaboration is needed as 
 both didactic and technical issues must be addressed. One approach may be to first design clear 
 pedagogical events for smaller groups. Next, experiments will need to be conducted to record EEG 
 and establish attention and possibly other metrics. The process should be iterative, i.e. the metrics 
 should be verified and enhanced gradually. Once optimal metrics are developed, they will require 
 further testing and enhancement in the classroom-teaching context. This approach requires tight 
 collaboration between technical and didactic professionals. Furthermore, the metrics cannot be 
 proprietary, as they must be tailored successively to match the teaching context and be open to the 
 research community for further validation. 


  


It is important that attention metrics, as well as other metrics, be theoretically well defined. It may 
 be necessary to develop more attentional metrics, as attention is a complex concept embracing 
 phenomena associated with various neural circuits. Thus, the question, “Is attention a phenomenon 
 that can be represented in one metric?” must be addressed. There is also a pending pedagogical and 
 didactic discussion about the optimal duration and level of attention during a classroom session, 
 including the student’s ability to stay attentive during a full lecture. What are the appropriate and 
 feasible pedagogical goals in this context? 


Additionally, the PEEGT device needs more channels. Primarily the prefrontal cortex, including the 
 dorsolateral prefrontal cortex, has an impact on the level of attention. Furthermore, additional 
 measuring points, for example the parietal, temporal and occipital lope, could potentially make the 
 EEG measurements more accurate and detailed. Still, the EEG device must be easy and 


comfortable to use.  
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 Another way to improve the attention measurements may be to establish a baseline for the group 
 or class in question. It may be that cognitive, bodily and socio-emotional factors have so much 
 weight that a baseline is needed. Furthermore, the brain functions differently from human to 
 human, and it matters what happens in the surroundings. 


  


More metrics may be used to consolidate measurements and build a more detailed understanding 
 of classroom sessions. Relevant EEG metrics may, e.g., include attention, cognitive load, arousal, 
 engagement and relaxation. These metrics can be supplemented and qualified by other biometrical 
 measures including HR, HR variance (HRV) and galvanic skin response (GSR). 


Comparative analysis embracing quantitative measurements and qualitative data may be used in 
 the verification of the tool. Here, discussions should be based on state of the art in terms of 
 whether it is possible to conduct comparative analyses of EEG, HR and behaviour? This includes, 
 inter alia, understanding the time shift of the different measurements and the consequences this 
 shift has for data analyses if the phenomena studied are asynchronous. 


The face is one of the areas that has the most nuanced and emotionally based expressions in 
 relation to feelings and attitude. The face has 80 muscles and communicates numerous emotions 
 and emotional conditions (Keltner, D. & Ekman, 2000). Possibly, Ekman's evidence-based theory 
 can be included in the qualitative work on video recordings and somatic markers as the face has 
 the ability to reveal emotional states. 
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Appendix: The equipment  


In the group experiments, we used the equipment described below. 


The equipment used by each student was a Samsung J3 phone, a Neurosky MWM headset, a 
 headband and - in the group sessions - also an optical HR monitor (Polar OH1). The mobile phone 
 was preinstalled with an app to collect our data and was connected to WIFI hotspots (max. six 
 connections on each hotspot). The EEG headset and the HR monitor were connected to the 
 mobile phone by Bluetooth connections.  


Figure 11: Prototype system overview / equipment used to collect data 


The Mind Wave Mobile (MWM) used is a single-channel dry sensor EEG device, with the sensor 
 placed in AF3. It uses the ThinkGear™ chip (“what_is_thinkgear [NeuroSky Developer - Docs],” 


n.d.). We used both the MWM 1 and MWM 2 type. The upgrade from 1 to 2 brought a practical 
 design change only.  


During the initial testing of the MWM equipment in the classroom, we encountered some 


challenges obtaining reliable data. We had to fix the censor on the forehead with a headband both 
with the MWM 1 and the MWM 2. Even so, the equipment was so comfortable and easy to set up 
and use that recording in a classroom is possible as the impact of the equipment on the context 
seems acceptable. Some complaints were voiced about the ear clip, which in some cases became 
painful to wear after approx. 30 min. We also needed to install a fresh AAA battery in each headset 
before each recording to ensure reliable data streams for 45-60 minutes. Furthermore, the many 
Bluetooth connections might have produced some uncontrollable interference; therefore, each 
headset and each HR monitor were connected to a local cell phone that was kept close to the 
headset.  
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