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Message framing 
and self‑conscious emotions help 
to understand pro‑environment 
consumer purchase intention: 
an ERP study
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Message framing plays an important role in advertising strategies and has been studied from various 
perspectives in different behavioral researches. In this study Event Rated Potentials technique 
helped to examine the neural mechanism of message framing effect on self-conscious emotions of 
pride and guilt regarding consumer purchase intention in the context of green marketing. Behavioral 
results showed that participants ranked higher on positive framing compared to negative framing. 
ERP results declared that N1 component was elicited by positive framed message with emotion of 
pride and guilt, reflecting use of attentional resources to acquire potential benefits at first stage of 
processing emotional information. At the second stage P2 was higher for negative framing containing 
pride and guilt slogan, showing more attention towards processing emotional information about 
potential loss. At the third stage LPP component portray that both positive and negative framing is 
supported by guilt emotion when processing emotional information in decision making. Our results 
delivered strong evidence that how purchase intention can be mediated by message framing under 
the pride and guilt emotions in the context of green marketing.

As the uprising lift about environmental concerns turn out to be highly essential across business practices, 
companies have acknowledged the importance of environment safe marketing strategies and highly emphasized 
to adopt pro-environmental behavior and green advertising about their products and services1. In fact, green 
advertising conveys its message to the needs of pro-environmental consumers2. Environmental appeals have given 
promising attitudes and better purchase intentions3, whereas consumers emotional processing has an effective 
role in stimulating green purchase intentions4–6. In this regard an ideal convincing communication strategy often 
used to manipulate consumer behavior and attitude5 and to present objectively same information in terms of 
either the advantages gained or disadvantages suffered is called as message framing7–10.

The prospect theory declares that decision making can be influenced in response to objectively same infor-
mation by whether it is presented as a potential gain or a potential loss11. An overview of the message framing 
portrays that positive and negative message framing has been practiced extensively to examine the potential gain 
and loss effects of different advertising strategies7,12. The companies concern in shaping a positively framed mes-
sage is emphasizing the benefits to the environment after purchasing the green products ,while the companies 
concern in shaping a negatively framed message is to highlight potential destructive outcomes resulting from 
consumers’ willingness to purchase non green products8,13,14. Message framing holds a relevance to green mar-
keting appeals which have selfless motivations and encouragement to acquire environment friendly behaviors9.

In the field of social marketing various motivational, individual and circumstantial factors are greatly con-
sidered for their influential role in environmental message framing10,15. When people assess their behavior in 
accordance with some personal and social standards it generates self-conscious emotions16,17. In this study 
we will focus on two self-conscious emotions, pride and guilt. Indeed, these two emotions seem like signifi-
cant in the framework of pro-environmental behavior. Pride is a positive emotion that evokes pleasurable and 
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self-confidant feelings worth18,19. Whereas guilt is a negative emotion that is experienced as apologetic, anxious 
and tense feeling20,21. Pride16,17,22 and guilt23,24 have some common characteristics. In fact, both of these emotions 
are evoked in result of responsible feelings for an act, and the evaluation of that act shows personal and social 
standards. Some limited studies report self-regulatory function of self-conscious emotions25,26, subsequently it 
helps in adapting people behavior to reflect their standards27.

Theory of Planned Behavior28, posit that intentions are the main predictors of behavior. Previous research 
reveals that pride and guilt are linked with pro-environmental behavior29,30. In their study31, found that pride 
and guilt reflect self-regulatory function and both of these emotions link the environment friendly intentions 
with personal norms, attitudes and social norms. A self-regulatory function was provided by both pride and 
guilt when studying consumer behavior in the context of environment friendly consumer choices32. Negative 
self-conscious emotions facilitate the relationship between attitudes and social norms on intentions, in both 
contexts of textbook piracy and condom use17,33. According to34, guilt join up with gain framed message is more 
influential to acquire environment friendly behavioral intention.

In the past few years research on emotions to examine framing effects has got an enhanced theoretical35,36 and 
empirical attention37,38. As the examination of framing effect with respect to self-conscious emotions appears 
in the shape of cognitive biasedness, but previous studies have examined framing effect from numerous behav-
ioral perspectives. Various research studies have applied cognitive neuroscience methods to examine framing 
effects39–41. By using eye-tracking method39 found, larger number of active eye movements were induced by 
negative frames. While no moderating effect was found on purchase intention with eye-tracking method41. 
Functional magnetic resonance imaging (fMRI) technique revealed association of positive frames with reflexive 
brain regions, and negative frames with reflective brain regions40. By applying ERP method, it was found that 
positive and negative messages were processed differentially and provided dissimilar purchase intentions42.

In comparison with other neuroscientific methods, ERP technique provides high temporal resolution and 
excellent measure to track modulations of neural activity43. It’s valuable in a sense to differentiate early perceptual 
reactivity from more difficult and elaborate emotional processes44. The ERP components that occur up to 300 ms 
after the stimulus is presented to show a stage of attention, which possibly reflects early sensual encoding of 
stimulus that is emotionally significant45,46. In fact, this type of effect probably state more refined processing of 
emotional stimuli along with a rich emotional effect, that can be viewed in higher ERP components like P3 and 
Late Positive Potential47. In this study, the experimental stimuli would be positive and negative framed messages 
accompanied by emotional words of pride and guilt. The data would be analyzed based on the three ERP com-
ponents, N1 (90–160 ms), P2 (200–300 ms) and LPP (500–700 ms) to elaborate the attentional and emotional 
mechanism. The N100 is a negative going wave that occurs approximately 100 ms post stimulus48. The N100 is 
modulated by attention49, emotion50, and congruence51,52.

Consumer decision making process in various marketing related spheres is illuminated by ERPs regarding 
emotions and consumer preferences53,54. ERP components that appear at the first 300 ms post stimulus are 
normally considered for sensory encoding of emotionally significant stimuli46,55. In this regard P2 is an early 
ERP component that is widely examined56. The P2 component is described as a positive going wave with a peak 
latency range of 150–250 ms, having sensitivity to emotional valence of stimuli57,58. Some of the studies have 
found that a higher P2 amplitude is recorded for negative than positive stimuli58–60.

LPP is a positive, long lasting wave with a time window of around 500–700 ms post stimulus61–63. In particu-
lar, LPP have a higher amplitude at centro-parietal sites for emotionally significant stimulus than for neutral 
stimulus64 such as images, faces47,65 and words33,66. This component may process task demands and reflects 
elaborate processing phase of attention, evaluation and emotional visual stimuli67,68. Some research studies have 
reported that LPP can differentiate emotional valence, resulting in different amplitudes for positive and nega-
tive words68–70.

A variety of the research studies have examined emotion’s role in framing effects from different 
perspectives39,40, but the literature lacks a clear synthesis of the current evidence addressing this issue. An neu-
roscientific method like ERP can thus help to provide more insights to construct a persuasive message design42. 
In fact, by using a neuroscientific method like ERP, this paper is first in its nature to uncover that effect of 
message framing on self-conscious emotions of pride and guilt regarding consumer purchase intentions in the 
context of green marketing. Explicitly, our main focus is to examine the brain regions where message framing 
affects self-conscious emotions of pride and guilt. We are looking that when the potential benefits and losses are 
portrayed by message framing, whether they are adopted by the feelings of pride or rejected by guilt? And how 
these positive and negative self-conscious emotions ultimately influence the consumer decision making and 
purchase intentions? Based on the above literature we have developed the hypothesis that the ERP components 
discussed above will explain the effect of different message framing on participants’ self-conscious emotions of 
pride and guilt regarding consumer environment safe purchase intentions.

Method
Participants.  In this study twenty male Chinese post graduate students were taken to perform experiment. 
The participation in the experiment was requested to both the male and female students but the female students 
were unwilling to participate. All the students participated were from Zhejiang University, aged 20–27 years 
(M = 23.3 years, SD = 2.11 years). The participants were free from any neurological and psychiatric disease and 
had a normal or corrected to normal vision. As a result of abnormal EEG recordings, data of two participants was 
discarded. Eventually eighteen participants, aged 20–27 years (Mean = 23.23 years, SD = 2.19 years) were consid-
ered for this study. The protocol of this research was approved by the Ethics Committee of Neuromanagement 
Laboratory at Zhejiang University. All experiments were performed in accordance with relevant guidelines and 
regulations. Before experiment written informed consent were obtained from all the participants.
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Stimulus.  Twenty pictures of the green products and four messages; positive and pride, positive and guilty, 
negative and pride and negative and guilty were included in the experiment. Each picture and message was 
presented on independent slide. The pictures used were of the daily life green products and all of them were 
taken from internet. The positive and pride message developed was “buying it makes you feeling pride”, positive 
and guilty message was “buying it makes you feeling not guilty”, negative and guilty message was “Ignoring it 
makes you feeling guilty” and negative and pride message was “Ignoring it makes you feeling not pride”. All the 
pictures and messages were developed by the authors and were evaluated and approved by five members of the 
Neuromanagement Lab. All the information was displayed in Chinese Language. In order to ensure a smooth 
flow and consistency in experiment background a uniform size of 840 by 640 pixels of product pictures was 
developed and a size of 1300 by 420 pixels was developed for the messages. This activity was done with the help 
of Photoshop software.

Procedure.  All the participants received written instructions for conducting the experiment. The experi-
ment was conducted in a dimly lit, electrically shielded room. The distance between each subject and computer 
screen was set as 100 cm. Participants used keyboard to record their choices. The experiment was designed in 
three unrepeated blocks. There were total 140 trials in the formal experiment and three practice trials were 
conducted before experiment to familiarize the participants with the experimental procedure. The experiment 
was run on E-prime 2.0 software package (Psychology Software tools, Pittsburgh, PA, USA). As shown in Fig. 1, 
the participants viewed in each trial a fixation point for 1000 ms then a product picture for 1500 ms followed 
by a message for 2000 ms and at the end a question about their choice of selection for 1500 ms. Based on the 
information provided in the message, the participants were asked are they willing to buy the product or not? The 
participants recorded their choices in the form of “Yes” or “No”, key 1 was used for Yes and key 3 was used for No.

EEG recordings.  The EEG data were recorded (band-pass filter of 0.05–70 Hz, sampling rate 500 Hz) with 
a NeuroScan SynAmps2 Amplifier (Scan 4.3.1, Neurosoft Labs, Inc., Virginia, USA). Data recording was done 
on 64 scalp sites with Ag/AgCl electrodes, according to the standard international 10–20 system. The electro-
oculograms were recorded from the electrodes located near the outer canthus of each eye (Horizontal), above 
and below the left eye (Vertical). During the experiment electrode impedance remained below 5 kΩ. The left 
mastoid was used as a reference electrode. Offline, EEG data was referenced to the average of left and right mas-
toid. Digital filtering of EOG artifacts was done through a zero-phase shift (low pass at 30 Hz, 24 dB/octave). 
The EEG level for epochs was set between − 200 to 800 ms. Baseline correction was made 200 ms interval pre-
stimulus onset. Artifacts were rejected beyond ± 80 μV.

The mean amplitude of the ERP components N1 (90–160 ms) was scored at F3/FZ/F4/FC3/FCZ/FC4/C3/
CZ/C4, and P200 (200–300 ms) and LPP (500–700 ms) both were scored at C3/CZ/C4/CP3/CPZ/CP4/P3/PZ/P4 
electrode sites47,56,65,66,68. Repeated measures ANOVA was conducted to obtain statistical results of the ERP56,71.

Results
Behavioral results.  To compare the mean values of the three framing variables one-way ANOVA was used. 
According to the results of this test we found a significant effect for framing (F (1, 17) = 4.387, p = 0.05), but 
an insignificant effect for emotions (F (1, 17) = 0.095, p = 0.762). Figure 2 indicates the purchase intentions of 
the participants. The mean scores for positive message was (M = 52.07, SD = 6.62), and negative framing was 
(M = 37.30, SD = 7.82). The mean scores for emotion pride was (M = 45.35, SD = 6.22) and emotion guilt was 
(M = 44.02, SD = 7.13).

ERP results.  N1.  Statistical analysis of repeated measures ANOVA showed a significant main effect 
for framing effect (F (1, 17) = 6.995, p = 0.017), whereas no significant effect for emotions (F (1, 17) = 0.596, 
p = 0.451) and electrodes (F (8, 136) = 1.590, p = 0.133) were found. Also, no significant interaction effects were 
found for framing, emotions and electrodes (F (8, 136) = 0.935, p = 0.490). Multiple comparisons gave the ampli-
tude estimates for positive framing (Mean = − 1.333, SE = 0.354), negative framing (Mean = − 0.363, SE = 0.286), 
for emotion pride (Mean = − 1.043, SE = 0.374) and guilt (Mean = − 0.653, SE = 0.357). The mean unit of voltage 
value of the nine electrodes (F3/FZ/F4/FC3/FCZ/FC4/C3/CZ/C4) was − 0.8481 μV.

Figure 1.   A single trial of the experiment procedure. Participants saw a green product picture first, then a 
message and then recorder their choice in the last.
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P2.  Statistical analysis of repeated measures ANOVA showed a significant main effect for framing effect (F 
(1, 17) = 9.107, p = 0.008), and electrodes (F (8, 136) = 6.618, p = 0.001) were found, whereas no significant effect 
for emotions (F (1, 17) = 0.596, p = 0.188) was found. A significant interaction effects was found for framing 
and emotions (F (1, 17) = 9.791, p = 0.006). A simple effect analysis for this significant interaction effect was 
validated with the help of T-test. The results showed a significant effect for positive and pride message and nega-
tive and pride message (t = − 4.134, p = 0.001), while an insignificant effect was obtained for positive and guilty 
message and negative and guilty message (t = − 0.422, p = 0.678), this implies that positive and negative message 
under pride emotion has substantial effect which overcomes the insignificant effect of guilt emotion. Multi-
ple comparisons gave the amplitude estimates for positive framing (Mean = 3.142, SE = 0.676), negative framing 
(Mean = 4.588, SE = 0.617), for emotion pride (Mean = 3.435, SE = 0.707) and guilt (Mean = 4.295, SE = 0.649). 
The mean unit of voltage value of the nine electrodes (C3/CZ/C4/CP3/CPZ/CP4/P3/PZ/P4) was 3.866 μV.

LPP.  Statistical analysis of repeated measures ANOVA showed a significant main effect for framing effect (F (1, 
17) = 5.508, p = 0.031), and electrodes (F (8, 136) = 4.807, p = 0.001) were found, whereas no significant effect for 
emotions (F (1, 17) = 1.574, p = 0.227) was found. Also, no significant interaction effects were found for framing, 
emotions and electrodes. Multiple comparisons gave the amplitude estimates for positive framing (Mean = 1.116, 
SE = 0.676), negative framing (Mean = 2.141, SE = 0.615), for emotion pride (Mean = 1.138, SE = 0.735) and guilt 
(Mean = 2.119, SE = 0.711). The mean unit of voltage value of the nine electrodes (C3/CZ/C4/CP3/CPZ/CP4/P3/
PZ/P4) was 1.629 μV.

Discussion
The present study examined that how an emotional stimulus can evoke ERP components by using message fram-
ing in the context of Green Marketing. The results confirm the findings and supported both the prospect theory 
and the theory of planned behavior. We got evidence (see Fig. 3) that positive message framing including the 
pride and guilt emotions has greater impact on N1 component, while negative message framing with emotions of 
pride and guilt has more influenced the P2 component. Moreover, message framing both in positive and negative 
form along with the emotion of guilt has more influenced the LPP component.

N1 at frontal region is found to have reflection of both selective attentional processes49,50 and emotional 
processes52,72. Consistent with these studies our results also found N1 amplitude at the frontal regions. In a study 
by73, fearful expression evoked N1 component than happy and neutral faces at frontal brain site. Whereas our 
results elicited N1 component when the emotions of pride and guilt were influenced by positively framed mes-
sage. A study by50, found that smaller N1 amplitude was produced by low frequency positive and negative words 
than neutral words. Whereas in our case we found that the positive message containing positive and negative 
emotional words of pride and guilt evoked N1 amplitude.

In their study74 they found that a better word recognition is reflected by a longer latency P2 component. P2 
has the ability to show at first glance the affective content shown in stimuli56,59. The results of this study provided 
significant effect of negative framing messages designed along with emotional words of pride and guilt as com-
pared to positive framing message. Negative framing message holds more attentional resources with larger P2 
amplitude than positive framing message42. According to73, emotions of participants were activated by attractive 
and unattractive faces during logos recommendation experiment. On the other hand, our study declares that 
participant’s emotions were triggered by emotionally designed message framing. Although the P2 amplitude was 
enhanced in a social context, irrespective of the emotional significance of provided visual stimuli75. While our 
results in the context of green marketing reflected higher P2 amplitude for emotionally significant visual stimuli.

Our results found a significant effect of message framing on self-conscious emotions at the later cognitive 
stage of LPP. Some researchers have reported that stimuli based on emotional words evoked increased LPP 
amplitude76–79. Interestingly in the current study, our stimuli containing the emotional word guilt also evoked 
higher LPP amplitude for positive and negative framing. According to some previous studies the processing 

Figure 2.   Purchase intentions of participants.
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of positive and negative emotional information of stimuli is amplified by the expectation of socially important 
events80–82. Also Larger LPP amplitude was evoked by providing stimuli based on emotional words83,84. Whereas 
the findings of our study reveal that stimuli containing emotional word guilt, have provided enhanced LPP 
amplitude in the context of environment safety. The research studies worked on interactions of task and emo-
tion have provided fronto-central LPP effects46,85. In the current study, centro-pareital effects are found for guilt 
emotion under the positive and negative framed messages. And the LPP amplitude produced by positive and 
negative words as compared to neutral words shows that the contents of the message are deeply processed78. 
Likewise, the emotional content guilt in our messages is deeply processed by the participants under the positive 
and negative combinations of message framing.

The results of this study found significant effect for various messages framed with emotional words. The 
information of the messages was processed at different regions of the brain and reflected a non-similar purchase 
intention. Although there is prominent evidence on framing effect in several studies but our main focus was to 
investigate underlying neural mechanism for the message framing effect on positive and negative self-conscious 
emotions regarding consumer purchase intention in the context of green marketing. For this reason, we used 
ERP method and tried to explain why self-conscious emotions affected by message framing can work under the 
umbrella of green marketing. In our ERP study we found some components related to message framing in green 
marketing appeals. We found the components in three stages. In the first stage N1, in the second stage P2, while 
LPP component was found in the third stage. The findings revealed consistency of the ERP components with 
the hypothesis that there is a substantial effect of different message framing on participants’ self-conscious emo-
tions of pride and guilt regarding consumer environment safe purchase intentions. This was due to the reason 
that these messages contain a slogan and direction to indulge in environment safe or unsafe action. The results 
declared that positive and negative messages framed with emotions of pride and guilt functions in the context of 
green marketing. It allows the insight that these emotions enabled the participants to acquire a purchase inten-
tion according to their social norms towards environment safety.

Talking about the first stage at a very early attentional level N1, we found that participants adopted the posi-
tive framing along with pride and guilt. It shows that just confronting the message inclined them to acquire the 
potential benefits stated in the positive framing. Also, at this level the emotional effect indicates the pursuit of 
positive emotion pride and avoidance of negative emotion guilt in the context of pro-environmental behavior. 
The underlying neural mechanism at a very early stage reflects that self-conscious emotions guide positive fram-
ing towards environment safe purchase intention. Whereas on the second stage at P2, participants ranked the 
negative framing influenced greater than positive framing. At this level even both the emotions pride and guilt 
played their significant role. The participants have processed the information given in the messages, and tend to 
show environment safe behavior with their purchase intention. Same like the intention at early stage, here they 
have promoted both the pursuit of pride and avoidance of guilt.

In the last stage at LPP, the participants adopted both the positive and negative framing along with self-
conscious emotion of guilt. Interestingly this indicates that the participants have processed the stimuli informa-
tion and they have preferred avoidance of guilt in both shapes of positive and negative framing. It shows in their 
decision-making process emotion of guilt play important role than pride.

There are some practical implications of this study. In this case, first marketers should try to construct their 
advertising claims with the specific emotional words that drive the customer purchase intentions. Positively 
framed messages induced with self-conscious emotional words will attract attention of the customers at a very 
first glance. Negatively framed messages would also help in the case when customers go deeper to understand 
the message slogan. Second, by using self-conscious emotional words in advertising would help marketers to 
secure early attention plus the encouragement to acquire pro-environmental behavior.

Third our research sheds light on the value and role of neuroscience method to study consumer immediate 
brain response. Prior research has done behavioral studies to examine message framing and did not consider 
framing effects in green marketing context. Even none of the studies have used the emotional words to identify 
the framing effect. However, our results indicate that emotionally framed messages work in Chinese culture. 

Figure 3.   Grand average ERPs for all the four types of messages recorded at the indicated electrode sites.
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Eventually it is clearly reflected that ERP is a fertile method to study customer motivational engagement with 
emotional significant marketing stimuli.

The current findings support the method of laboratory experiments with neuroscientific method to examine 
marketing promotional activities. Investigations of environment friendly advertising messages through Neuro-
marketing could improve understanding of scholars about underlying neural mechanisms of brain. Furthermore, 
these insights could enable marketers with improved predictions about consumer behavior in Chinese markets.

Further research could examine, if the advertisement and customer promotional activities have more things 
like packaging, pricing then it will change the customer thinking and judgment. Based on the ERP results fram-
ing effect along with pride and guilt emotions can work at the attentional and emotional stage. Including some 
other self-conscious emotional words may change the customer preference to deeply involve in environment safe 
purchase intentions. The participants in this study were all the male students, in the future studies to examine 
the message framing effect could be investigated both from male and female subjects of a broader age group. We 
made stimuli containing positive and negative messages along with emotional words of pride and guilt in this 
study. Further work by examining the verbs, nouns and other types of information structuring used in green 
marketing context could be analyzed in the future studies.

Conclusion
In the current study we used message framing made-up with emotional words of pride and guilt in the green mar-
keting context. In our real life it is very special pertaining to environmental safety and protection and is related 
to emotions. This study was performed to examine the attentional and emotional processing of message framing 
and its effect on self-conscious emotions resulting in ERP components modulation due to these messages. We 
found important contribution to ERP components like N1, P2, and LPP. Previous literature of behavioral studies 
showed these components were attracted by attention and related with early stage emotions. Whereas our findings 
from neural perspective indicate the message framing effect based on self-conscious emotions of pride and guilt.

Data availability
The datasets generated and/or analyzed during the current study are available from the corresponding author 
on reasonable request.

Received: 2 December 2019; Accepted: 12 October 2020

References
	 1.	 Green Marketing: A Global Strategic Business Report—Asia Green Buildings. (2019).
	 2.	 Zinkhan, G. M. & Carlson, L. Green advertising and the reluctant consumer. J. Advert. 24, 1–6 (1995).
	 3.	 Chan, R. Y. K., Leung, T. K. P. & Wong, Y. H. The effectiveness of environmental claims for services advertising. J. Serv. Mark. 20, 

233–250 (2006).
	 4.	 Carrus, G., Passafaro, P. & Bonnes, M. Emotions, habits and rational choices in ecological behaviours: The case of recycling and 

use of public transportation. J. Environ. Psychol. 28, 51–62 (2008).
	 5.	 Maheswaran, D. & Meyers-Levy, J. The influence of message framing and issue involvement. J. Mark. Res. 27, 361–367 (1990).
	 6.	 Chang, C. T. & Lee, Y. K. Framing charity advertising: Influences of message framing, image valence, and temporal framing on a 

charitable appeal. J. Appl. Soc. Psychol. 39, 2910–2935 (2009).
	 7.	 Rothman, A. J., Bartels, R. D., Wlaschin, J. & Salovey, P. The strategic use of gain- and loss-framed messages to promote healthy 

behavior: How theory can inform practice. J. Commun. 56, 202–220 (2006).
	 8.	 Chandy, R. K., Tellis, G. J., Macinnis, D. J. & Thaivanich, P. What to say when: Advertising appeals in evolving markets. J. Mark. 

Res. 38, 399–414 (2001).
	 9.	 Tu, J. C., Kao, T. F. & Tu, Y. C. Influences of framing effect and green message on advertising effect. Soc. Behav. Pers. 41, 1083–1098 

(2013).
	10.	 Keller, P. A., Lipkus, I. M. & Rimer, B. K. Affect, framing, and persuasion. J. Mark. Res. 40, 54–64 (2003).
	11.	 Tversky, A. & Kahneman, D. The Framing of Decisions and the Psychology of Choice. (1981).
	12.	 Tsai, S.-P. Message framing strategy for brand communication. J. Advert. Res. 47, 364–380 (2007).
	13.	 Homer, P. M. & Yoon, S. G. Message framing and the interrelationships among ad-based feelings, affect, and cognition. J. Advert. 

21, 19–33 (1992).
	14.	 Levin, I. P., Schneider, S. L. & Gaeth, G. J. All frames are not created equal: A typology and critical analysis of framing effects. 

Organ. Behav. Hum. Decis. Process. 76, 149–188 (1998).
	15.	 Yan, C., Dillard, J. P. & Shen, F. The Effects of mood, message framing, and behavioral advocacy on persuasion. J. Commun. 60, 

344–363 (2010).
	16.	 Lewis, M. A. Self-conscious emotions: Embarrassment, pride, shame, and guilt. In Handb. Emot (ed. Havil, M. L. J. M.) (Guilford 

Press, New York, 1993).
	17.	 Tracy, J. L. & Robins, R. W. Putting the self into self-conscious emotions: A theoretical model. Psychol. Inq. 15, 103–125 (2004).
	18.	 Rodriguez Mosquera, P. M., Manstead, A. S. R. & Fischer, A. H. The role of honor-related values in the elicitation, experience, and 

communication of pride, shame, and anger: Spain and the Netherlands compared. Personal. Soc. Psychol. Bull. 26, 833–844 (2000).
	19.	 Tracy, J. L. & Robins, R. W. The psychological structure of pride: A tale of two facets. J. Pers. Soc. Psychol. 92, 506–525 (2007).
	20.	 Baumeister, R. F., Stillwell, A. M. & Heatherton, T. F. Guilt: An interpersonal approach. Psychol. Bull. 115, 243–267 (1994).
	21.	 Ferguson, T. J., Stegge, H. & Damhuis, I. Children’s understanding of guild and shame. Child Dev. 62, 827–839 (1991).
	22.	 Mascolo, M. F., & Fischer, K. W. Developmental transformations in appraisals for pride, shame, and guilt. In Self-Conscious Emo-

tions: The Psychology of Shame, Guilt, Embarrassment, and Pride 64–113 (1995).
	23.	 Kugler, K. & Jones, W. H. On conceptualizing and assessing guilt. J. Pers. Soc. Psychol. 62, 318–327 (1992).
	24.	 Tangney, J. P., Miller, R. S., Flicker, L. & Barlow, D. H. Are Shame, Guilt, and Embarrassment Distinct Emotions?. J. Pers. Soc. 

Psychol. 70, 1256–1269 (1996).
	25.	 Hynie, M., MacDonald, T. K. & Marques, S. Self-conscious emotions and self-regulation in the promotion of condom use. Personal. 

Soc. Psychol. Bull. 32, 1072–1084 (2006).
	26.	 Su, H.-J., Lu, L.-C. & Lin, T. A. The mediating role of anticipated guilt in consumers’ textbook piracy intention. Asia Pac. Manag. 

Rev. 16, 255–275 (2011).



7

Vol.:(0123456789)

Scientific Reports |        (2020) 10:18304  | https://doi.org/10.1038/s41598-020-75343-8

www.nature.com/scientificreports/

	27.	 Carver, C. S. & Scheier, M. F. On the Self-Regulation of Behavior ((Cambridge University Press, Cambridge, 1998). https​://doi.
org/10.1017/cbo97​81139​17479​4.

	28.	 Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 50, 179–211 (1991).
	29.	 Harth, N. S., Leach, C. W. & Kessler, T. Guilt, anger, and pride about in-group environmental behaviour: Different emotions predict 

distinct intentions. J. Environ. Psychol. 34, 18–26 (2013).
	30.	 Arvola, A. et al. Predicting intentions to purchase organic food: The role of affective and moral attitudes in the Theory of Planned 

Behaviour. Appetite 50, 443–454 (2008).
	31.	 Onwezen, M. C., Antonides, G. & Bartels, J. The Norm Activation Model: An exploration of the functions of anticipated pride and 

guilt in pro-environmental behaviour. J. Econ. Psychol. 39, 141–153 (2013).
	32.	 Onwezen, M. C., Bartels, J. & Antonides, G. Environmentally friendly consumer choices: Cultural differences in the self-regulatory 

function of anticipated pride and guilt. J. Environ. Psychol. 40, 239–248 (2014).
	33.	 Fischler, I. & Bradley, M. Event-related potential studies of language and emotion: Words, phrases, and task effects. Prog. Brain 

Res. 156, 185–203 (2006).
	34.	 Baek, T. H. & Yoon, S. Guilt and shame: Environmental message framing effects. J. Advert. 46, 440–453 (2017).
	35.	 Nabi, R. L. Exploring the framing effects of emotion do discrete emotions differentially influence information accessibility, infor-

mation seeking, and policy preference?. Commun. Res. 30, 224–247 (2003).
	36.	 Updegraff, J. A. & Rothman, A. J. Health message framing: Moderators, mediators, and mysteries. Soc. Pers. Psychol. Compass 7, 

668–679 (2013).
	37.	 Lerner, J. S. & Keltner, D. Fear, anger, and risk. J. Pers. Soc. Psychol. 81, 146–159 (2001).
	38.	 Marti, M., Stauffacher, M., Matthes, J. & Wiemer, S. Communicating earthquake preparedness: The influence of induced mood, 

perceived risk, and gain or loss frames on homeowners’ attitudes toward general precautionary measures for earthquakes. Risk 
Anal. 38, 710–723 (2018).

	39.	 Lin, H. H. & Yang, S. F. An eye movement study of attribute framing in online shopping. J. Mark. Anal. 2, 72–80 (2014).
	40.	 Murch, K. B. & Krawczyk, D. C. A neuroimaging investigation of attribute framing and individual differences. Soc. Cogn. Affect. 

Neurosci. 9, 1464–1471 (2013).
	41.	 Yang, D., Lu, Y., Zhu, W. & Su, C. Going green: How different advertising appeals impact green consumption behavior. J. Bus. Res. 

68, 2663–2675 (2015).
	42.	 Jin, J., Zhang, W. & Chen, M. How consumers are affected by product descriptions in online shopping: Event-related potentials 

evidence of the attribute framing effect. Neurosci. Res. 125, 21–28 (2017).
	43.	 Ma, Q., Feng, Y., Xu, Q., Bian, J. & Tang, H. Brain potentials associated with the outcome processing in framing effects. Neurosci. 

Lett. 528, 110–113 (2012).
	44.	 Gardener, E. K. T., Carr, A. R., Macgregor, A. & Felmingham, K. L. Sex differences and emotion regulation: An event-related 

potential study. PLoS ONE 8, 1–9 (2013).
	45.	 Schupp, H. T., Junghöfer, M., Weike, A. I. & Hamm, A. O. Emotional facilitation of sensory processing in the visual cortex. Psychol. 

Sci. 14, 7–13 (2003).
	46.	 Schupp, H. T. et al. Selective visual attention to emotion. J. Neurosci. 27, 1082–1089 (2007).
	47.	 Cuthbert, B. N., Schupp, H. T., Bradley, M. M., Birbaumer, N. & Lang, P. J. Brain potentials in affective picture processing: Covari-

ation with autonomic arousal and affective report. Biol. Psychol. 52, 95–111 (2000).
	48.	 Sur, S. & Sinha, V. Event-related potential: An overview. Ind. Psychiatry J. 18, 70 (2009).
	49.	 Hillyard, S. A., Hink, R. F., Schwent, V. L. & Picton, T. W. Electrical signs of selective attention in the human brain. New Ser. 182, 

177–180 (1973).
	50.	 Scott, G. G., O’Donnell, P. J., Leuthold, H. & Sereno, S. C. Early emotion word processing: Evidence from event-related potentials. 

Biol. Psychol. 80, 95–104 (2009).
	51.	 Pourtois, G., Thut, G., Grave de Peralata, R., Michel, C. & Vuilleumier, P. Two electrophysiological stages of spatial orienting towards 

fearful faces: Early temporo-parietal activation preceding gain control in extrastriate visual cortex. Neuroimage 26, 149–163 (2005).
	52.	 Atkinson, C. M., Drysdale, K. A. & Fulham, W. R. Event-related potentials to Stroop and reverse Stroop stimuli. Int. J. Psychophysiol. 

47, 1–21 (2003).
	53.	 Smidts, A. et al. Advancing consumer neuroscience. Mark. Lett. 25, 257–267 (2014).
	54.	 Camerer, C. & Yoon, C. Introduction to the Journal of Marketing Research Special Issue on Neuroscience and Marketing. (2015).
	55.	 Junghöfer, M., Bradley, M. M., Elbert, T. R. & Lang, P. J. Fleeting Images: A New Look at Early Emotion Discrimination. (2001).
	56.	 Wang, X., Huang, Y., Ma, Q. & Li, N. Event-related potential P2 correlates of implicit aesthetic experience. NeuroReport 23, 862–866 

(2012).
	57.	 Paulmann, S. & Kotz, S. A. Early emotional prosody perception based on different speaker voices. NeuroReport 19, 209–213 (2008).
	58.	 Lai, V. T. & Huettig, F. When prediction is fulfilled: Insight from emotion processing. Neuropsychologia 85, 110–117 (2016).
	59.	 Carretié, L., Mercado, F., Tapia, M. & Hinojosa, J. A. Emotion, attention, and the ‘negativity bias’, studied through event-related 

potentials. Int. J. Psychophysiol. 41, 75–85 (2001).
	60.	 Huang, Y. X. & Luo, Y. J. Temporal course of emotional negativity bias: An ERP study. Neurosci. Lett. 398, 91–96 (2006).
	61.	 Schupp, H. T. et al. Affective picture processing: The late positive potential is modulated by motivational relevance. Psychophysiol-

ogy 37, 257–261 (2000).
	62.	 Hajcak, G., MacNamara, A. & Olvet, D. M. Event-related potentials, emotion, and emotion regulation: An integrative review. Dev. 

Neuropsychol. 35, 129–155 (2010).
	63.	 Münte, T. F. et al. Brain potentials reveal the timing of face identity and expression judgments. Neurosci. Res. 30, 25–34 (1998).
	64.	 Olofsson, J. K., Nordin, S., Sequeira, H. & Polich, J. Affective picture processing: An integrative review of ERP findings. Biol. Psychol. 

77, 247–265 (2008).
	65.	 Schupp, H. T. et al. Brain processes in emotional perception: Motivated attention. Cogn. Emot. 18, 593–611 (2004).
	66.	 Herbert, C., Kissler, J., Junghöfer, M., Peyk, P. & Rockstroh, B. Processing of emotional adjectives: Evidence from startle EMG and 

ERPs. Psychophysiology 43, 197–206 (2006).
	67.	 Herbert, C., Junghofer, M. & Kissler, J. Event related potentials to emotional adjectives during reading. Psychophysiology 45, 487–498 

(2008).
	68.	 Palazova, M., Mantwill, K., Sommer, W. & Schacht, A. Are effects of emotion in single words non-lexical? Evidence from event-

related brain potentials. Neuropsychologia 49, 2766–2775 (2011).
	69.	 Bernat, E., Bunce, S. & Shevrin, H. Event-related brain potentials differentiate positive and negative mood adjectives during both 

supraliminal and subliminal visual processing. Int. J. Psychophysiol. 42, 11–34 (2001).
	70.	 Bayer, M., Sommer, W. & Schacht, A. P1 and beyond: Functional separation of multiple emotion effects in word recognition. 

Psychophysiology 49, 959–969 (2012).
	71.	 Ma, Q., Zhang, L., Pei, G. & Abdeljelil, H. Neural process of the preference cross-category transfer effect: Evidence from an event-

related potential study. Sci. Rep. 7, 1 (2017).
	72.	 Pourtois, G., De Gelder, B., Vroomen, J., Rossion, B. & Crommelinck, M. The time-course of intermodal binding between seeing 

and hearing affective information. NeuroReport 11, 1329–1333 (2000).
	73.	 Luo, W., Feng, W., He, W., Wang, N. Y. & Luo, Y. J. Three stages of facial expression processing: ERP study with rapid serial visual 

presentation. Neuroimage 49, 1857–1867 (2010).

https://doi.org/10.1017/cbo9781139174794
https://doi.org/10.1017/cbo9781139174794


8

Vol:.(1234567890)

Scientific Reports |        (2020) 10:18304  | https://doi.org/10.1038/s41598-020-75343-8

www.nature.com/scientificreports/

	74.	 Finnigan, S., O’Connell, R. G., Cummins, T. D. R., Broughton, M. & Robertson, I. H. ERP measures indicate both attention and 
working memory encoding decrements in aging. Psychophysiology 48, 601–611 (2011).

	75.	 Pozharliev, R., Verbeke, W. J. M. I., Van Strien, J. W. & Bagozzi, R. P. Merely being with you increases my attention to luxury 
products: Using EEG to understand consumers’ emotional experience with luxury branded products. J. Mark. Res. 52, 546–558 
(2015).

	76.	 Hofmann, M. J., Kuchinke, L., Tamm, S., Võ, M. L. H. & Jacobs, A. M. Affective processing within 1/10th of a second: High arousal 
is necessary for early facilitative processing of negative but not positive words. Cogn. Affect. Behav. Neurosci. 9, 389–397 (2009).

	77.	 Schacht, A. & Sommer, W. Emotions in word and face processing: Early and late cortical responses. Brain Cogn. 69, 538–550 (2009).
	78.	 Hinojosa, J. A., Méndez-Bértolo, C. & Pozo, M. A. Looking at emotional words is not the same as reading emotional words: 

Behavioral and neural correlates. Psychophysiology 47, 748–757 (2010).
	79.	 Kissler, J., Herbert, C., Winkler, I. & Junghofer, M. Emotion and attention in visual word processing: An ERP study. Biol. Psychol. 

80, 75–83 (2009).
	80.	 Cornwell, B. R., Johnson, L., Berardi, L. & Grillon, C. Anticipation of public speaking in virtual reality reveals a relationship between 

trait social anxiety and startle reactivity. Biol. Psychiatry 59, 664–666 (2006).
	81.	 Wieser, M. J., Pauli, P., Reicherts, P. & Mühlberger, A. Don’t look at me in anger! Enhanced processing of angry faces in anticipation 

of public speaking. Psychophysiology 47, 271–280 (2010).
	82.	 Bublatzky, F., Gerdes, A. B. M., White, A. J., Riemer, M. & Alpers, G. W. Social and emotional relevance in face processing: Happy 

faces of future interaction partners enhance the LPP. Front. Hum. Neurosci. 8, 1–10 (2014).
	83.	 Kayser, J. et al. Event-related potential (ERP) asymmetries to emotional stimuli in a visual half-field paradigm. Psychophysiology 

34, 414–426 (1997).
	84.	 Eimer, M. & Holmes, A. An ERP study on the time course of emotional face processing. NeuroReport 13, 427–431 (2002).
	85.	 Schindler, S. & Kissler, J. Selective visual attention to emotional words: Early parallel frontal and visual activations followed by 

interactive effects in visual cortex. Hum. Brain Mapp. 37, 3575–3587 (2016).

Author contributions
M.Z. and X.W. designed the experiment. M.Z., S.M.U., and R.W. prepared the experiment and collected behav-
ioral and ERP data. M.Z., M.A. and S.I. processed and analyzed data. M.Z. and X.W. wrote the main manuscript 
text and prepared all the figures. All authors reviewed the manuscript.

Funding
This research study was supported by Grant No.71572176 from the National Natural Science Foundation of 
China https​://www.nsfc.gov.cn/), and Grant No. 16ZJQN030YB of the Zhejiang Youth Social Science Fund (https​
://zjskw​.gov.cn/).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to X.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2020

https://www.nsfc.gov.cn/
https://zjskw.gov.cn/
https://zjskw.gov.cn/
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Message framing and self-conscious emotions help to understand pro-environment consumer purchase intention: an ERP study
	Method
	Participants. 
	Stimulus. 
	Procedure. 
	EEG recordings. 

	Results
	Behavioral results. 
	ERP results. 
	N1. 
	P2. 
	LPP. 


	Discussion
	Conclusion
	References


