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Abstract

:

Public communication campaigns are among the tools for promoting electricity saving. A crucial task in the process of creating a campaign is to design a simple message to effectively reach the average consumer. It is a beneficial practice to create alternative messages and pretest them to find the most effective. The research methodology during pretesting includes both quantitative and qualitative methods. However, it is believed that the outcomes obtained with the use of conventional techniques are not fully reliable. Therefore, the following question arises: What additional research methods should be applied at the stage of testing the message of a communication campaign so that its effectiveness can be assessed more reliably and/or improved even before its broadcast? In this study, we aim to present the possibility of applying cognitive neuroscience methods in conjunction with a questionnaire to experimentally check the effectiveness of the message using the example of selected electricity-saving communication campaigns. The key results of this study indicate that merging conscious and subconscious reactions to media messages allows us to gain new knowledge that can be used in the future to improve the communication campaign effectiveness. Our investigation showed the benefits that can be obtained by synergizing traditional research methods with neuroscientific approaches.
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1. Introduction


Saving electricity has an economic and ecological dimension. It allows for a reduction in expenses incurred by electricity recipients. However, it also means a lower consumption of energy resources and, thus, less environmental damage resulting from the combustion of fossil fuels, which are still an important source of electricity. Renewables indeed overtook fossil fuels for the first time as the EU’s main source of power in the year 2020 (renewables represented 38% of EU electricity vs. 37% for fossil fuels and 25% for nuclear) [1,2]; however, in many EU countries, the share of fossil fuels is still very high [1].



Obtaining electricity from fossil fuels releases enormous amounts of greenhouse gases and other pollutants into the atmosphere [3,4,5], not to mention destroying the landscape in vast spaces. It is estimated that, in 2019, the energy sector was responsible for 77% of greenhouse gas emissions, followed by agriculture (11%), industrial processes and product use (9%), and waste management (3%) [6].



Notably, in 2019, in the EU, households were responsible for 26.3% of the final energy consumption (understood following the definition of Eurostat Glossary as the total energy consumed by end-users, such as households, industry, agriculture, and transport, among others [7]), and 25% of this consumption was electricity [8]. Moreover, a large amount of electricity is wasted daily through the unconscious behavior of household members; it is estimated that this may be as much as 35% of electricity [9,10].



Many studies have indicated that promoting energy saving can significantly reduce the amount of energy wasted (e.g., [11,12,13,14,15,16,17]). This is important in the context of pursuing the ambitious strategies and goals set out in the Kyoto Protocol (1997), the Paris Agreement (2015), and, most recently, at the COP26 Climate Summit in Glasgow (2021), which, in turn, reduces the risk of dangerous effects of climate destabilization [18,19].



Public communication (or information) campaigns are among the tools for promoting energy saving [17,20,21,22,23]. Public communication campaigns can be defined as purposive attempts to disseminate information or change behaviors in audiences within a specified time using various communication activities and featuring media messages in numerous channels to produce benefits to individuals and society [24]. In addition, most energy conservation communication campaigns are aimed at individual changes in consumer behavior by presenting positive behavior patterns and shaping appropriate habits [13,25,26,27].



Many studies have confirmed that changing human behavior has a large impact on energy saving and environmental sustainability (e.g., [19,28,29,30,31,32,33,34,35,36]). However, they explained that various obstacles increase energy efficiency [37] and proved that traditional media campaigns that promote pro-ecological knowledge and attitudes through simple dissemination of information often do not bring a lasting change in behavior [23,38,39]. Moreover, as these campaigns relied heavily on procedural information, instructions, and “calls” for behavior change, the effectiveness of these approaches could be enhanced by communicating messages that are simple, relevant, tailored, and delivered by reliable and trusted sources [33,39]. Therefore, a crucial task in the process of creating a campaign is to design a simple message to effectively reach the average consumer [24,40,41,42,43,44,45].



It is a beneficial practice to create alternate messages for presentation in media (television, radio, internet, etc.)—most often in the form of social advertising—and pretest them to find the most effective [44]. The proposed messages should consider various motivations for saving electricity by individual consumers in households, as the campaign’s effectiveness may depend on it [46,47]. Interestingly, these motivations are many [48,49]. Saving electricity may be inspired by ecology [50], the desire to reduce expenses [51], interest in the latest technology and new devices, or the influence of activities undertaken by family and friends [34,52].



Pretesting alternative media messages involves using a variety of methods to examine messages among target audience members to find out what works best in achieving the goals of the campaign [44]. The main task of this process is choosing the best message and/or examining what elements should be changed or improved so that the message arouses the greatest involvement of the recipients with the lowest possible emission costs. Increased involvement may contribute to a change in the attitude toward the problem of energy saving and, in turn, lead to a permanent behavior change into the desired one [53].



The research methodology during the pretesting is mostly drawn from a commercial marketing toolkit. It includes both quantitative and qualitative methods [54]. However, it is gradually being more recognized that the results acquired with the use of such methods are not fully trustworthy as the subjects are not always capable of evaluating media messages according to their true feelings [55]. Therefore, the following question arises: What additional research methods should be applied at the stage of testing the media message of a communication campaign so that its effectiveness can be assessed more reliably and/or improved even before its broadcast?



In recent years, to learn about the unconscious opinions of recipients, it has become increasingly common to use the methods of cognitive neuroscience in commercial marketing [56,57]. Such methods offer access to data that cannot be acquired when conducting research with the use of conventional methods [58]. This is because people are sometimes unable (or unwilling) to discover their true preferences. Human behavior can be motivated by processes that are unavailable for conscious awareness, and the person’s feelings are often undetectable to an interviewer using traditional techniques [55,59].



The benefits of using cognitive neuroscience tools in commercial marketing have led to the occurrence of a new area of science known as neuro-marketing [60,61,62,63]. In the field of social marketing, in the study of the effectiveness of public communication campaigns, with a few exceptions (e.g., [64,65,66,67,68,69,70]), such methods have not been widely used so far. While the potential benefits of using such methods with regard to creating the energy policy are indicated [71], the available literature lacks reports of empirical research into effectiveness of energy-saving campaigns with the help of cognitive neuroscience tools. This study fills this gap.



In this article, we aim to present the procedure of using the methods of cognitive neuroscience in conjunction with a questionnaire to experimentally check the effectiveness of the message on the example of selected electricity-saving communication campaigns.



The remainder of this study is organized as follows: Section 2 focuses on the methods of testing the effectiveness of messages in communication campaigns, with particular emphasis on the methods of cognitive neuroscience. Section 3 describes the experimental research allowing us to achieve the goal of this study. Then, the results of the data analysis obtained during the experiment are presented in Section 4, as well as the possibilities of using them to increase the effectiveness of the message and reduce the costs of emission. Section 5 presents the discussion. Lastly, Section 6 presents the conclusions and limitations, as well as an indication of the direction of future research.




2. Methods of Testing the Effectiveness of the Media Message


The effectiveness of a communication campaign, whether it is commercial or social, depends greatly on the communicated message [72]. It is generally believed that an effective message has to gain the attention of the target audience, as well as remain easy to understand and remember without any further explanation [73]. An effective message should involve the recipient’s mind and influence their perception, as it can considerably increase the effect of a social campaign. Due to the complexity of the issue, the assessment is most frequently made at five different levels [74]: awareness, engagement, change in behavior, social norm, and wellbeing.



At every level, different indices of the campaign’s success can be distinguished. To acquire the significant data at each stage, numerous methods have also been used. A summary of frequently used indicators, with suitable ways of collecting the data, is shown in Table 1.



In general, on most levels, research procedures used to determine the media message effectiveness may be qualitative and quantitative. The first category is based on words, while the second is based on numbers, which come from counting things occurring in the environment [76]. Qualitative methods (interviews, focus groups, and ethnography) provide a profound understanding of the sense that consumers derive from media messages [77]. However, they also have substantial limitations: they are subjective, difficult to replicate, and not representative of a larger population [78,79]. Moreover, conclusions greatly depend on the researcher’s personal analysis and judgment [80]. Quantitative methods can solve these problems. The frequently used methods in this approach are based on questionnaires [81]. They are easy to disseminate, cost-effective, practical, fast, and scalable; moreover, they allow gaining access to many subjects [82]. Such questionnaires are most often employed when the investigator is trying to measure and evaluate opinions, attitudes, and behaviors [83]. This method can offer a substantial and trustworthy understanding of the population [84], but people frequently do not say exactly what they are actually thinking or doing [85]. Therefore, the information collected can be biased or inaccurate [86] because it is hard for people to reconstruct and clarify their thoughts and feelings [87], or they cannot articulate an explanation for their preferences [88,89]. Furthermore, regarding the abovementioned methods, various studies have shown that various preference elicitation methods may result in distinct replies [85,90]. In addition, it was also suggested that the researcher’s persona has a great impact on what the respondent remembers and their personal experience [91,92]. Taking that into account, there is a need to apply other research techniques. Since it is assumed that 95% of human decision making is unconscious [55,61], neurological tools can overcome the fundamental limitations of conventional qualitative research methods, such as focus groups and self-reports, and identify the driving forces behind a personal decision to become involved in campaigns [93,94]. An overview of cognitive neuroscience techniques can be found in many publications [95,96].



Neuro-marketing researchers have already shown that neural reactions can be more precise predictors of consumer behavior than self-reported replies [97,98]. Neuroscientific methods may help to “complete the picture”, as they provide deeper insights into information processing and decision making [63,99]. The consumer neuroscience literature suggests that there is a demand for such an approach [100], with neuroscience techniques to be considered as a supplementary technique rather than a substitute for conventional research techniques.



Despite the benefits of using such measures, the key question is in selecting the metrics of media message effectiveness. The examples of neurophysiological measures used to evaluate advertising effectiveness are gathered in Table 2. We focused on studies using electroencephalography (EEG) since it is one of the most popular and cost-effective neuroscience techniques [96]. Interestingly, we also applied it in our study.



From the exemplary measures gathered in Table 2, we focused on engagement, as it is also one of the levels on which media message effectiveness is evaluated.



The engagement concept derives from fields including sociology, psychology, and organizational behavior [111]. It is a cognitive state that does not have a rigorous definition in the neuroscience perspective and that we define by “emotionally laden attention” [112].



The traditional methods of engagement research include mostly questionnaires [113], interviews [114], and gathering behavioral data [115]. Some studies have also used EEG to measure engagement. It has been studied in many different settings: gaming [116,117,118], training [119], news reading [120,121], electronic and mobile health interventions [122], online shopping [123], social media [124,125], and advertising [126,127]. Depending on the context, there are various engagement measures. In this study, we focused on a measure based on biosignals registered in the frontal lobe since it is proven that all higher cognitive processes are executed [62].



In the available literature, we did not find any reports concerning the use of EEG to study the media message effectiveness of energy-saving campaigns. The prospective directions of one neuroimaging method (fMRI) were presented in [71]; however, experiments were not conducted. We believe that experiments with the use of cognitive neuroscience tools can guide the development of effective messaging, detect the impact of individual differences on the decision process, and aid predictions concerning the efficacy of policy interventions. Therefore, in the subsequent sections of this article, we present research performed to assess the media message effectiveness of energy-saving communication campaigns, and we discuss its results.




3. Materials and Methods


3.1. Participants


Participants in the experiment were recruited via word of mouth. Tests were conducted for a group of 29 persons, which is a common sample size for neuroscience research [128]. Participants were aged from 19 to 51 years. The mean age was 29.38 (±10.67). All participants (except one person) were right-handed. The sample consisted of 14 women and 15 men. They were employees and students at the University of Szczecin. Informed consent, approved by the local ethics committee, was acquired from each subject after the clarification of the study.




3.2. Stimuli


For the experiment, we used two media messages concerning the energy-saving topic. Both were originally broadcast by Polish television in the autumn of 2012. The first was financed by Energa, an energy company, and the second was financed by the Ministry of the Environment (Both advertisements can be found on the internet: https://www.youtube.com/watch?v=K-_CKkYw9NY (accessed on 8 September 2021); https://www.youtube.com/watch?v=sCWj2XQjCyw (accessed on 8 September 2021)).



The Energa campaign, beyond raising awareness about the need for rational use of energy, was aimed at improving the image of the enterprise as the most ecological energy supplier in Poland. The leading roles in the media message were played by pets—cats, dogs, and canaries. They showed how to save energy through simple, everyday activities: switching off unnecessary light or turning off your TV and computer. The frame sequence for this media message is shown in Figure 1.



The second message used in the experiment was prepared to encourage people to protect the environment and climate through a rational use of energy. This campaign relied on authorities—two famous Polish professors, Jerzy Bralczyk (linguist) and Zbigniew Lew-Starowicz (sexologist). In a humorous and light way, they explained that it is easy to save money and the environment by saving energy in the first place. In addition to their commentary, announcements also showed people presenting desirable behaviors. The slogan for this ad was “turn off power, turn on savings”. Figure 2 presents the frame sequence for this media message.



Both media messages were chosen for analysis in the experiment because they share some similarities (topic, aim, light and humorous appeal).




3.3. Procedure


The experiment involved presenting the stimuli in a laboratory with the use of cognitive neuroscience tools. An outline of the study is shown in Figure 3.



Experimental stimuli were presented using the above procedure. A black image of a triangle rotating around the vertical axis, which was displayed for 30 s, was used to focus the participant’s concentration on the computer screen and to record a baseline activity for neurophysiological signals (Figure 4).



Subjects who took part in the experiment watched a 30 min movie. It was a popular science documentary with two commercial breaks. Each break was formed by six advertising video clips of 30 s or 60 s length. Such commercial interruptions were homogeneous in terms of the quality of all the advertisements presented, which were on air at the time the experiments were performed (HD resolution). Among the commercial ads, two media messages concerning energy saving were placed. During the video, the EEG response was collected from the subjects. After watching, participants took part in a questionnaire regarding the content they had just seen. In this part of experiment, the researcher asked the subjects to spontaneously recall the video clips that they memorized. Then, the experimenter orally listed the series of advertisements presented within the documentary, asking the participants to report which clip they remembered. Successively, the researcher presented on a paper the frame sequences of each advertisement shown during the movie. Throughout these two stages, the researcher also showed names and pictures related to advertisements that were not inserted in the commercial break. Finally, the experimenter asked the subjects to give a score between 1 and 10 indicating the level of appreciation they felt during the observation of each remembered ad (1, lowly pleasant; 5, indifferent; 10, highly pleasant).




3.4. Registration and Processing of Neurophysiological Data


The cerebral activity was recorded with the use of the g.Nautilus device, with a sampling rate of 500 Hz. For the needs of the study, electrodes were installed on the scalp according to the guidelines of the 10–20 system [129]. The recorded EEG signal was subjected to preprocessing, in which the frequency of 49–51 Hz was removed by the bandpass filter using Fourier transform. In European countries, the frequency of electricity in the power grid is 50 Hz with a certain tolerance allowed. Due to the prevalence of electrically powered devices, sinusoidal disturbances with frequencies of 50 Hz and their multiples are very common. They arise at the time of both recording and transmitting analog signals. In the case of EEG recording, due to the high sensitivity of measuring devices, there is a high probability of their occurrence. Hence, it is necessary to filter the frequency from the recorded signal within a small range of 50 Hz. Interference multiples of 50 Hz are much weaker, and their frequency significantly differs from the frequency range used in the EEG signal analyses conducted in this article. Hence, it was not necessary to remove them. Long-term fluctuations were also removed from the EEG signal. This deletion was performed using the local mean value. For each signal sample, the mean value at plus or minus half a second from its position was calculated. This mean value was then subtracted from the sample. The resulting signal had long-term fluctuations removed.



In addition to the recorded signal, events related to the start and end of sequentially played clips and film fragments were recorded. On this basis, the EEG signal was divided into fragments assigned to individual media messages.



EEG registrations for each person were subjected to an artefact removal procedure. ICA (independent component analysis) decomposition of the signal was performed [130]. After such decomposition, typically one or two components of the signal were related to artefacts. These components were removed from the signal, thereby cleaning the signal. This procedure was performed separately for each of the test persons, as the number of components containing artefacts differed across individuals, and they were not always the same.



The next step was to determine the individual alpha frequency (IAF) [131], which was the basis for the determination of the frequency range θ. To determine the IAF continuous wavelet transformation, the Morse wavelet family was used [132]. In the frequency range (7.5–12.5 Hz) of the wavelet transformation spectrum, the IAF frequency was calculated using the weighted average, where the weights for frequencies were determined as the ratio of the energy of a given frequency component to the energy of the entire frequency band (7.5–12.5 Hz). The searched frequency range θ was designated as [IAF-6; IAF-2].




3.5. Measures


According to the recorded data, the engagement index was determined. This index was proposed by Yamada [116]. It analyzes theta frontal lobe activity, indicating increased attention. The value of this index was determined as a function of the global field power (GFP) for the frequency range θ. For this purpose, the continuous wavelet transformation and the Morse wavelet family were reused. The spectrum of the wavelet transformation was determined, and then the frequency range θ was removed for the purpose of further analysis. For this range, the mean spectral energy of the electrodes placed on the frontal lobe at each instant of time was calculated. The designated values were the values of the engagement index.



The determined indices of engagement for individual subjects are incomparable due to the different conductivity of the electrodes resulting from different skin properties. To allow comparability, they were standardized. For this purpose, the mean value and standard deviation were determined for all calculated engagement indices for each respondent. The corresponding mean value was then subtracted from the exposure indices and divided by the corresponding standard deviation.





4. Results


For analysis purposes, the media messages were divided into fragments. The “turn off power, turn on savings” clip was divided into five fragments: “couple in bed” (0–3 s), “talk about switching off the TV” (3–16 s), “switching off electric appliances” (16–23 s), “campaign slogan” (23–27 s), and “scene back in bed” (27–30 s). Energa’s clip was also divided into five fragments: “leaving man” (0–2 s; 9–11 s; 19–21 s), “bird scene” (2–9 s), “dog scene” (11–19 s), “cat scene” (21–26 s), and “logo of energy provider” (26–29 s).



The mean value and standard deviation were calculated for each fragment. The determined values for the “turn off power, turn on savings” media message are presented in Figure 5. The mean value of zero denotes the average engagement in the entire study. All mean values of the normalized engagement index were below zero. This means that the ad attracted less attention than most of the material presented. The high standard deviation for the “switching off electric appliances” suggests means that, for this fragment of the clip, the degree of engagement varied the most.



As additional analysis, the perception of this advertisement was also checked depending on the sex of the respondent. The obtained results indicate that the presented message attracted the attention of men and women to a different extent. Figure 6 shows that men were generally less engaged.



For men, the largest discrepancy in the value of engagement was visible for the “campaign slogan”, while, for women, the scenes for “talk about switching off” and “switching off electric appliances” stood out (Figure 7). Considering the values of the engagement index, it can be concluded that the “turn off power, turn on savings ad” did not attract the attention of potential recipients.



The determined mean values and standard deviations of the normalized engagement index for the Energa media message are shown in Figure 8. All mean values, except for the “bird scene” fragment, were above the mean value obtained for the entire presented audiovisual material, which should be considered a good result, as it means that the message aroused commitment among the participants of the experiment. A high value of standard deviations for most fragments suggests that the degree of attention grabbed varied, especially for the “dog scene”.



Considering the values of the standardized engagement index in relation to women and men, it can be noted that the message definitely attracted the attention of women more. The only exception was “leaving man”, which attracted more male attention. In the case of women, the “dog scene” attracted the most attention, but their interest was also attracted by “leaving man”, “cat scene”, and “logo of energy provider” (Figure 9).



For men, the most diverse results were obtained for “leaving man”, while, for women, the most diverse results were obtained for the “dog scene” (Figure 10). Summarizing the results, it can be said that the advertisement was mainly directed at women, and the “bird scene” attracted the least attention. Therefore, it could be replaced or deleted. The most eye-catching was the “dog scene”. What is important is that the advertisement as a whole attracted so much attention that “logo of energy provider” also obtained values of the standardized engagement index higher than the average material presented to the respondents, which should be considered a good result.



The presentation of the experimental stimulus was followed by a questionnaire that was created to collect the responses about the advertisements’ recall and appreciation. This part of the research was conducted to check whether there would be a difference between the conscious replies of the subjects and their psychophysiological reactions. As mentioned before, for the questionnaire, participants responded to three questions concerning spontaneous and aided recall of advertisements. They had an opportunity to express their appreciation for the ads in terms of a 1–10 scale assessment.



When it came to spontaneous recall, only four people out of 29 (13.8%) remembered the examined ads (i.e., both of them; there were no cases where a person memorized only one advertisement of interest). Considering the sex of respondents, it turned out that 75% of those who remembered both messages without any aid were men. The participants who spontaneously recalled these spots memorized mostly the topic of the social campaign (saving energy). They did not paid attention to who was responsible for emitting the ads (only one person mentioned Energa) or to the slogan used for promoting the idea. When it came to the recall of the plot, they referred only to the “turn off power, turn on saving” advertisement in a more detailed manner (two out of four subjects remembered a couple discussing the need for saving). Aided recall with the use of stills taken from the PSAs gave the same results: both ads were recalled by 19 persons out of 29 (65%)—11 of them were women, which means that almost 76% of female respondents that took part in the experiment remembered the message after receiving some visual cues.



The appreciation assessment given by the subjects was normalized (a Z-score was computed for every person), and the average value for the whole group of participants was calculated. Conducted t-tests revealed no significant difference in the scores for Energa (M = 0.0683; S = 1.0407) and for “turn off…” (M = −0.1315; S = 0.9405) advertisements (t = 0.3744, p = 0.7103). Considering the assessment of messages depending on the sex of respondents, we determined that there were also no significant differences between women and men. Results of performed tests are summarized in Table 3.




5. Discussion


The experiment conducted in this study aimed to assess the media message effectiveness of energy-saving communication campaigns. The research was conducted to obtain results that could be used to increase the effectiveness of the media message and to reduce the cost of its broadcasting. We assessed both media messages with the use of traditional research methods (questionnaires) and with a cognitive neuroscience technique (EEG). Recorded brain activity was used to calculate the neurometric index of engagement, which was understood as emotionally laden attention.



Our calculations showed that, regarding engagement, both media messages generated different results. The Energa clip evoked involvement that was greater than the whole audiovisual material shown to the participants; the values of the neurometric were positive. The outcomes for the second video, “turn off power, turn on savings” were negative. This means that viewers were not engaged while watching it, thereby potentially decreasing the effectiveness of this message.



The results showed that, on the subconscious level, Energa’s message was assessed better than “turn off power, turn on savings”, as it evoked more emotional attention. On this basis, it can be stated that the Energa clip is more effective as a media message promoting energy saving. Considering this media message, we can also state that various scenes induced different levels of engagement. The greatest index values could be observed for the “dog scene”, while the lowest values were recorded for the “bird scene”. This result can allow us to shorten the media message to reduce the cost of its emission. The aired version of the clip should include only the scenes that evoked the greatest emotional attention.



Additionally, we also decided to conduct analyses that considered women and men separately. For both media messages, it turned out that men generally showed less engagement than women. This was more evident in the case of the Energa media message. This suggests the potential of creating two versions of this media message: the first dedicated to women and the second dedicated to men. In its present form, this clip was more effective when watched by women. However, considering the high standard deviation of engagement index observed for different scenes, it would be recommended to conduct further research on female audiences to find the differences in preference to better profile the media message. Such profiling can be used to decide when to broadcast the message. A study conducted in the United Kingdom showed that genres deeply connected with female audiences are reality TV, talent shows, game/quiz/panel/chat shows, and soap operas [133]. Airing clips created for women before, after, and during these kinds of TV programs can be beneficial in terms of increasing the effectiveness and cost efficiency of media messages.



However, it is worth noting that the results of the conducted survey measuring the assessment of media messages did not show that women appreciated the given stimuli more than men. The difference between the mean scores for both messages was not statistically significant. Moreover, on the conscious level, measured by the recall in the questionnaires, neither media message was successful. Therefore, they cannot be considered effective, at least not in the group that was examined in the research. However, these results cannot be easily generalized to the whole target audience. When compared to the subconscious results obtained, thanks to the EEG recordings, it can be assumed that, in the case of the “turn off power, turn on savings” message, the lack of engagement observed in the theta band of brain activity could explain the poor recall noted in surveys. Engagement results for media messages presented by the Energa Company (Gdańsk, Poland), on the other hand, showed that, on the subconscious level, this clip evoked much more involvement than can be expected on the basis of questionnaires and recall. In this case, we can suppose that cognitive neuroscience techniques allowed us to identify inconsistency between the conscious and subconscious judgment of this media message. However, to confirm this result and to explain its cause, we would need to conduct more detailed research.




6. Conclusions


The benefits of using methods of cognitive neuroscience in media messages assessment arise from the certain nature of communication campaigns. They require both message memorization and understanding the importance of the promoted behavior. The emergence of such phenomena is possible to grasp using cognitive neuroscience techniques. Such methods have proven their utility in evaluating the effectiveness of media messages more reliably than questionnaires alone. However, these kinds of tools also have limitations. Conducting experiments registering neurophysiological data involves technical abilities and skills. Furthermore, the sense of registered signals may be hard to interpret [56]. Despite these limitations, it remains a promising direction for further research, especially concerning the pretesting of various media messages in communication campaigns. Our research showed benefits that can be obtained with the help of neuroscience and by synergizing traditional research methods with neuroscientific methods to experimentally check the effectiveness of the message of two electricity-saving communication campaigns. The key results of this study indicated that merging conscious and subconscious reactions to media messages allows us to gain new knowledge that can be used in the future to improve the communication campaign effectiveness.



It can be recommended to use the procedure presented in the article by the creators of electricity-saving communication campaigns to prepare a new media message from scratch and pretest various variants in order to select the most effective one. Applying the proposed approach may contribute to the achievement of energy policy objectives at both the local and the global level.



The direction for future studies would be to conduct experiments with more neurometrics proposed in the literature and to make an attempt to aggregate different neuro-indices into a single measure, triangulating its results with questionnaire outcomes.
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Figure 1. Frame sequence for Energa media message. 
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Figure 2. Frame sequence for the media message financed by the Ministry of Environment “turn off power, turn on savings”. 
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Figure 3. Experimental procedure. 
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Figure 4. Screen showing a rotating figure. 
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Figure 5. Average values and standard deviations of the normalized index of engagement for the “turn off power, turn on savings” media message. 
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Figure 6. Average values of the normalized male and female engagement indices for the “turn off power, turn on savings” media message. 
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Figure 7. Standard deviations of the normalized male and female engagement indices for the “turn off power, turn on savings” media message. 
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Figure 8. Average values and standard deviations of the normalized index of engagement for the Energa media message. 






Figure 8. Average values and standard deviations of the normalized index of engagement for the Energa media message.



[image: Energies 15 01263 g008]







[image: Energies 15 01263 g009 550] 





Figure 9. Average values of the normalized male and female engagement indices for the Energa media message. 
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Figure 10. Standard deviations of the normalized male and female engagement indices for Energa media message. 
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Table 1. Indicators and measures used in the evaluation of a communication campaign’s message effectiveness (source: [75]).
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	Indicators
	Means of Measurement





	Awareness
	-Percentage of recipients presenting awareness of the issue
	-Audience surveys



	Engagement
	-Percentage of recipients involved in the debates and dialogues about the problem

-Percentage of recipients who take action to acquire supplementary knowledge about the issue
	-Audience surveys

-Behavioral data (for example, website hits)



	Change in behavior
	-Percentage of audience members that report behavior change

-Percentage of recipients for whom modifications of behavior were noted
	-Audience surveys

-Behavioral data (dependent on the type of campaign)



	Social norm
	-Percentage of recipients showing positive feelings toward the issue

-Percentage of articles and attitudes favorable to the campaign

-Legislation introduced on the promoted issue
	-Audience surveys

-Observations

-Anecdotal feedback

-Media and policy tracking



	Wellbeing
	-Percentage growth in social outcome

-Percentage growth in environmental outcome
	-Epidemiological data

-Environmental data
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Table 2. Examples of EEG measures (source: own elaboration).






Table 2. Examples of EEG measures (source: own elaboration).





	Measure
	Formula
	Description





	Attention (theta synchronization, alpha desynchronization) [101]
	     Average   theta     

     Average   alpha     
	Brain signal shows an increase in theta activity and a decrease in alpha activity.



	Frontal asymmetry (approach-avoidance, interest index) [102,103,104,105,106,107,108,109]
	      Average   Power      alpha   right , frontal     −    Average   Power      alpha   left , frontal       
	Brain activity registered by left-frontal electrodes is compared with brain activity gathered by the right-frontal electrodes [102].



	Memorization index [105]
	      Average   Power      theta   left , frontal       
	The EEG signal is filtered in the theta band, and left-frontal channels are selected. The spatial average is computed for these channels [105].



	Impression index [108]
	     Memorization   theta   − η ×   Attention   alpha     
	The impression relates to the interval in which the subject is in the status of both good memorization and high attention [108].



	Neuroengagement score [109]
	      Area   under   cortical   activity   waveform    SD     
	The score for an individual is calculated by dividing the total area under the waveform corresponding to cortical activity by its standard deviation during stimulus presentation [109].



	Pleasantness index [102]
	      Global   Field   Power    Right    (  Like / Dislike  )  −    Global   Field   Power    Left    (  Like / Dislike  )    
	The brain activity in the theta and alpha frequencies registered by the left-frontal electrodes is compared with the brain activity recorded by the right-frontal electrodes [102].



	Reaction times [110]
	    Time   of   reaction    −    Time   of   stimuli   presentation    
	The measure shows how quickly the brain responds after the presentation of stimuli [110].
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Table 3. Results of t-test for the message assessment in women and men (source: own elaboration).
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Energa

	
Turn off…




	

	
Women

	
Men

	
Women

	
Men






	
Mean

	
0.1175

	
0.0007

	
−0.3581

	
0.1801




	
Standard deviation

	
1.0244

	
1.1299

	
0.8293

	
1.0491




	
t

	
0.2349

	
−1.2506




	
p

	
0.8171

	
0.2280
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