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ABSTRACT
This research examined whether pro-environmental attitude influences explicit and implicit affective responses to nature related visual stimuli, clean and polluted. In the first study, 52 participants rated 30 experimental images (15 clean rivers, 15 polluted rivers) and 60 images from the International Affective Picture System (IAPS; 15 positive, 15 negative, 30 neutral) for valence and arousal measures using the Self-Assessment Manikin (SAM) and completed the New Ecological Paradigm (NEP) scale to assess the pro-environmental attitude. For the Study 2, 98 participants completed the NEP scale and a Brief Implicit Association Test (BIAT) to assess automatic associations between river images and valence. As results, the experiment 1 showed that polluted river images were evaluated more negatively than all IAPS categories except negative images, whereas clean rivers differed only from positive IAPS images. Emotional arousal was stronger in the high-score NEP group, indicating greater affective responses to polluted images. While the experiment 2 showed that both groups exhibited positive implicit associations linking clean rivers with positive valence and polluted rivers with negative valence, with no statistically significant differences between higher and lower NEP groups. Overall, the results indicate that pro-environmental attitude modulates explicit affective evaluations of emotional arousal elicited by pollution images, while implicit associations remain robust despite pro-environmental orientation and image’s arousal. These findings provide a more comprehensive understanding of the psychological processing involved in the perception of environmental issues. 
Keywords : pollution, affective valence, emotional arousal, implicit association, pro-environmental attitude, environmental psychology.
RESUMO
Este estudo investigou se a atitude pró-ambiental influencia respostas afetivas explícitas e implícitas a estímulos visuais de ambientes naturais limpos e poluídos. No primeiro estudo, 52 participantes avaliaram 30 imagens experimentais (15 rios limpos, 15 rios poluídos) e 60 imagens do Sistema Internacional de Figuras Afetivas (IAPS; 15 positivas, 15 negativas, 30 neutras), utilizando o Self-Assessment Manikin (SAM), e completaram a escala do Novo Paradigma Ecológico (NEP) para avaliar a atitude pró-ambiental. No estudo 2, 98 participantes completaram a escala NEP e o teste de Associação Implícita Breve (BIAT) para estudar associações implícitas entre as imagens e valência. O Experimento demonstrou que as imagens de rios poluídos foram avaliadas de forma mais negativa do que todas as outras , exceto das imagens negativas. Enquanto imagens de rios limpos não diferiram apenas das imagens positivas. A ativação emocional foi mais intensa no grupo de alta pontuação na NEP às  imagens de poluição. O Experimento 2 demomonstrou associações implícitas mais fortalecidas entre rios limpos e valência positiva e rios poluídos com valência negativa, independente da pontuação na escala NEP. Estes resultados indicam que a atitude pró-ambiental modula avaliações afetivas explícitas da ativação emocional por imagens de poluição, enquanto as associações implícitas permanecem robustas e semelhantes entre os grupos, independente do nível de orientação pró-ambiental e da excitação elicitada pelas imagens. Esses achados contribuem para melhor compreensão sobre aspectos psicológicos inerentes à percepção da poluição ambiental.
Palavras-chave: poluição, valência afetiva, ativação emocional, associação implícita, atitude pró-ambiental, Psicologia ambiental.

Introduction
Evidence suggests that multiple factors can influence sustainability and climate, including pollution, public policies, industrial practices and individual attitudes (Clayton, 2019; Steg, 2023). Specifically regarding the psychological dimension, some research has explored how behaviors, affects and attitudes interact to socio-environmental demands (Gifford, 2011; Cruz & Manata, 2020; Mackay et al., 2021; Steg, 2023). 
In this field, Pro-environmental attitudes and pro-environmental behaviors are some of these human factors broadly studied and related to sustainable and ecological actions and with friendly human-nature relations (Karpudewan, 2019; Tian & Liu, 2022, Cayolla et al., 2023). Pro-environmental attitude refers to a relatively stable cognitive general evaluation, beliefs, and behavioral predispositions toward protecting the natural environment (Cayolla et al., 2023; Shen et al., 2024).
In addition, recent research has emphasized the relevance of implicit processes, given that human-environmental relation and ecological values are not solely driven by conscious processess (Fiorenza et al., 2023). Considering the implicit attitudes as a relevant investigative field, Fiorenza et al. (2023) recently conducted a systematic review of studies assessing implicit attitudes toward climate change using variants of the Implicit Association Test (IAT). The review included only 18 cross-sectional studies and reinforced the idea that implicit and explicit measures capture partly independent processes, highlighting the potential of implicit approaches to capture identity-related aspects of environmental concern.
While these previous research has mainly examined correlations between implicit and explicit measures, often yielding weak or inconsistent results across explicit and implicit domains (Fiorenza et al., 2023), the present study proposes a complementary approach. Instead of treating implicit–explicit relations solely as convergent or divergent constructs, we explore whether implicit associations and explicit self-reports may capture different psychological processes during interaction with nature preserved or polluted images. More specifically, this work aims to complement the discussion investigating if differences in pro-environmental attitude (as measured by the NEP scale) can influence explicit (experiment 1) and implicit (experiment 2) affective responses to environmental stimuli (clean or polluted rivers). For this purpose, the Study 1 examined whether people with more vs. less pro-environmental attitude (according NEP scores) differ in affective evaluations of clean and polluted stimuli, assessing both its hedonic valence and emotional arousal with the Self-Assessment Manikin (SAM). The Study 2 extended this investigation to implicit domain, assessing if the pro-environmental attitude can also affects the implicit association strength between the same experimental images (clean and polluted rivers) and attributes with positive and negative valence. By integrating both explicit and implicit measures, this research hope to provide a comprehensive framework for a better understanding about pro-environmental attitude and its influence on processing environmental stimuli representing clean and polluted rivers.
Study 1: explicit measures of valence and emotional arousal elicited by clean and polluted visual stimuli
Methods
For this first experiment, the Self-Assessment Manikin (SAM) was used to explicitly assess the emotional dimensions of valence and arousal. This measure was administered alongside the New Ecological Paradigm scale (NEP scale) to understand whether participants’ environmental attitude influences their ratings of valence and arousal in response to images of clean and polluted rivers. These environmental images were presented together with images from the International Affective Picture System (IAPS), forming distinct categories of visual stimuli. This research was submitted and approved by the Research Ethics Committee (CEP) of the Universidade Federal de Pernambuco (approval number 1215041). 
Participants
The study included 52 volunteers of both genders, aged between 18 and 33 years (M= 21.7, SD= 2.5). Participants self-reported their gender identity. The sample included 27 women, 24 men, and 1 non-binary individual. Participants were recruited by convenience sampling, considering as inclusion criteria: (I) age between 18 and 40 years; (II) normal or corrected-to-normal visual acuity (assessed using the Jaeger chart); (III) voluntary agreement to participate in the study; and (IV) absence of identifiable diseases or disorders affecting vision or the central nervous system. Also were adopted some exclusion criteria as (I) history of neurological or psychiatric conditions; (II) continuous medication use with psychological effects or (III) the use of psychoactive substances; and (IV) withdrawal from participation during the study.
Instruments
New Ecological Paradigm scale (NEP). The NEP scale is a widely used psychometric measure to assess pro-environmental attitude, as beliefs about humanity’s relationship with the nature, ecological concerns and sustainability (Dunlap et al., 2000; Xiao et al., 2018). In several countries, studies using this instrument to predict pro-environmental attitudes have demonstrated its applicability as well as its reliability and validity for such purposes (Hawcroft & Milfont, 2010; Neto et al., 2021). Herein was used a translated and validated version for Portuguese use in Brazil (Neto et al., 2021).
Self-Assessment Manikin (SAM). SAM is a visual analogical Likert scale with nine response levels available for evaluate each emotional dimension. The response booklet was composed of 32 pages, with the initial pages containing instructions and the remaining ones presenting numbered spaces corresponding to the images to be evaluated. Each response item is illustrated by five mannequins interspersed with blank intervals (for details, see Bradley & Lang, 1994). These mannequins are graphic depictions of the three emotional dimensions (valence, arousal, and dominance). Herein, for each presented image, participants had two response lines, one for valence and another for arousal (see supplementary material, appendix A), measuring respectively the pleasantness of the stimulus and the intensity of the emotional reactions it elicited. For emotional valence, five graphic representations with facial expressions ranged from extremely pleasant to extremely unpleasant. For arousal, the scale depicted states varying from high to low arousal. Here was employed the paper-and-pencil version of the SAM scale.
Experimental Apparatus and Visual Stimuli
The experiment was conducted in a sound- and light-attenuated room equipped with computers for stimulus presentation. All Visual stimuli were standardized to 16.99 cm height × 25.4 cm width using Microsoft Office Picture Manager® 2007 (Microsoft®, Inc.) and included images from the International Affective System (IAPS) (Lang, Bradley & Cuthbert, 2005) and experimental images of clean and polluted rivers. The IAPS is a standardized database of visual stimuli designed to elicit a wide range of emotional responses, with normative ratings for valence (positive, negative and neutral), arousal, and dominance already based on large samples of participants that assessed IAPS with the SAM scale (Lang, Bradley & Cuthbert, 2005). Brazilian adaptations have confirmed its reliability and validity for use with national samples (Ribeiro et al., 2004; Lasaitis et al., 2008).
Were used 90 images in each experimental session, of which 60 were selected from the IAPS, representing diverse categories (babies, food, extreme sports, abstract figures, disfigured faces, among others), whose emotional ratings for valence and arousal were already established by Lang et al. (2005) and validated for studies using Portuguese versions (Ribeiro et al., 2004; Lasaitis et al. 2008). The experimental category was composed by a set of 30 river photographs (15 clean and 15 polluted), matched for physical characteristics. 
Procedures
After signing the informed consent form and completing a sociodemographic questionnaire, participants were invited to seat comfortably, avoiding visual discomfort or physical barriers. Then were instructed to answer the NEP scale and to choose the response which best represented their views about the presented environmental issues. 
Experimental Sessions were carried out in small groups of up to 4 (four) participants and lasted on average 40 minutes, following the procedure adopted by Volchan et al. (2013), who conducted collective assessments (assessing up to 40 participants simultaneously). Then, a short practice block was conducted with nine IAPS photographs (not analyzed) as a training session before the evaluative rating task.
For assessments, each visual stimulus was displayed for 6 seconds, followed by a 10-second interval during which participants completed the corresponding SAM ratings (valence and arousal dimensions) in their response booklet. Prior to each image, its identification number (corresponding to the response sheet) appeared on the screen for 3 seconds. Participants were instructed to remain focused on the screen throughout the presentation and to avoid shifting their gaze. 
Statistical Analysis 
Participants were categorized according to their environmental orientation by ranking NEP scores in ascending order. As the NEP scale has no established clinical or normative cut-offs, participants were split at the median into groups with more and less pro-environmental attitude. This median-split procedure is commonly used for comparative studies in experimental psychology mainly when cut-offs are not specified and when independent variables are uncorrelated (Iacobucci et al., 2015). Also, to confirm the existence of two distinct groups with different levels of ecological orientation, the NEP scores of the two groups were compared using the Student’s t-test, with the significance threshold set at p< 0.05.
For SAM scores analyses, pictorial ratings were converted into numerical values. For the hedonic valence dimension, values ranged from –4 (extremely unpleasant) to +4 (extremely pleasant), with 0 representing emotional neutrality. For the arousal dimension, values ranged from 1 (minimal arousal) to 9 (maximal arousal). Mean scores and standard deviations were calculated for all participants across both dimensions. Subsequently, two analyses of variance (ANOVAs) were conducted using Statistica® software (StatSoft, version 6.0), one for hedonic valence and another for emotional arousal. In both analyses, the pro-environmental attitude was treated as the between-subjects factor (higher and lower NEP-score groups), and Image category as within-subjects factor which included (a) clean rivers, (b) polluted rivers, (c) negative-valence IAPS images, (d) neutral-valence IAPS images, and (e) positive-valence IAPS images. The significance level was set at p< 0.05. Interactions were further examined using post-hoc Newman–Keuls tests and planned comparisons.
Results 
	A Student’s t-test on the NEP scores confirmed that the median split successfully defined two distinct groups. Participants in the higher NEP-score group (M= 60.88, SD= 4.25, 95% CI [59.69, 62.07]) scored significantly (p< 0.001; d= 2.487) above those in the lower NEP-score group (M= 50.42, SD= 4.16, 95% CI [49.26- 51.58]), thereby validating the use of pro-environmental attitude as a categorical variable for subsequent comparisons.
	The ANOVA procedure for hedonic valence scores revealed a significant effect for “Image” [F(4,200)= 212.320, p< 0.001; ηp²= 0.81], indicating that the categories (clean rivers; polluted rivers; positive, neutral, and negative IAPS images) differed from each other (Figure 1). The post-hoc analysis revealed that positive IAPS images (M= 6.96, SD= 0.87, 95% CI [6.72, 7.20]) differed from negative IAPS images (M= 2.90, SD= 1.19, 95% CI [2.57, 3.23]; p< 0.001, d= 3.74), from neutral IAPS images (M= 5.30, SD= 0.57, 95% CI [5.14, 5.46]; p< 0.001, d= 2.086), and also from polluted river images (M= 2.72, SD= 1.12, 95% CI [2.41, 3.03]; p< 0.001, d= 4.047). However, their mean valence ratings were equivalent (p= 0.290, d= 0.209) to those of clean river images (M= 7.18, SD= 1.12, 95% CI [6.87, 7.49]). 
Comparing negative IAPS images (M= 2.90, SD= 1.19), they were significantly different from neutral IAPS images (p< 0.001, d=2.571) and from clean river images (p< 0.001, d= 3.703), but statistically equivalent (p= 0.390, d= 0.1557) to polluted river images. Neutral IAPS images (M= 5.30, SD= 0.57) differed significantly from polluted river images (p< 0.001, d= 2.903) and from clean river images (p< 0.001, d=2.116). Finally, clean river images (M= 7.18, SD= 1.12) also differed from polluted river images (p< 0.001; d= 3.982).
Figure 1
The average score for hedonic valence found in each image category. 
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Note. Error bars represent Standard Error (SE). SAM, Self Assessment Manikin. 
	For the arousal dimension, ANOVA showed that the factor “Images” presented significant differences among categories, F(4,200)= 43.927, p< 0.001; ηp²= 0.47. The Post-hoc showed that Negative IAPS images elicited the highest arousal levels (M= 5.54, SD= 2.04, 95% CI [5.00, 6.08]), differing significantly from positive IAPS images (M= 4.58, SD= 1.66, 95% CI [4.15, 5.01]; p< 0.001, d= 0.516), neutral IAPS images (M= 2.92, SD= 1.31, 95% CI [2.56, 3.28]; p< 0.001, d= 1.528), clean river images (M= 3.29, SD= 1.71, 95% CI [2.82, 3.76]; p< 0.001, d= 1.195), and polluted river images (M= 4.31, SD= 1.99, 95% CI [3.79, 4.83]; p< 0.001, d=0.61). Positive IAPS images represented the second most arousing category, being significantly higher than neutral IAPS (p< 0.001, d= 1.11) and clean river images (p< 0.001, d=0.706), but statistically equivalent to polluted river images (p= 0.215, d= 0.147). Polluted river images (M= 4.31, SD= 1.99) in turn elicited greater arousal than both neutral (p< 0.001, d= 0.825) and clean river images (p< 0.001, d= 0.549). Clean river images (M= 3.29, SD= 1.71) and neutral IAPS images (M= 2.92, SD= 1.31) did not differ significantly from each other (p= 0.098, d= 0.243).
The ANOVA for Arousal scores revealed also an interaction between “Images” and “pro-Environmental attitude”, F(4,200)= 2.613, p= 0.037; ηp²= 0.050. Specific comparisons further showed that pro-environmental attitude modulated arousal responses (Figure 2). More specifically, people with more ecological orientation reported greater arousal (p= 0.011; d= 0.74) in response to polluted river images (M= 5.03, SD= 2.13, 95% CI [4.42, 5.64]) when compared to the other group (M= 3.63, SD= 1.62, 95% CI [3.13, 4.13]). No other significant difference was found for other comparative conditions (p> 0.05).
Figure 2 
Emotional arousal average found for Low and High NEP-score groups across image categories.
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Note. Error bars represent Standard Error (SE). SAM, Self Assessment Manikin.
Study 2: Implicit measures of associations between valence (positive and negative words) with clean and polluted images
In the second study, Participants were also classified into groups with more and less pro-environmental attitude indices using the New Ecological Paradigm (NEP), as done in the experiment 1. Instead to apply an explicit measure to assess the affective responses to environmental stimuli, this experiment adopted a Manual Reaction Time (MRT) protocol to assess implicit attitudes toward images of clean and polluted rivers. More specifically, the Brief Implicit Association Test (BIAT) pairs a stimuli category into the same response key as other conceptual stimuli (with positive or negative valence, for example) to evaluate strengthened associations (Siriam & Greenwal, 2009). In this protocol, paired categories with faster MRT are interpreted as having stronger implicit association then pairings with slower MRT.
Methods
Participants
	The study included 100 volunteers aged between 18 and 33 years (M= 21.7, SD= 3.18), of both sexes. Data on gender identity were self-reported by participants. The sample comprised 60 women, 40 men, and no participants who identified as non-binary or other gender identities. The same procedures and criteria used in Experiment 1 for participant selection and involvement were applied in Experiment 2. Both studies were reviewed and approved under the same Research Ethics Committee protocol at UFPE.
Instruments 
New Ecological Paradigm (NEP) scale. As described in experiment 1. 
Brief Implicit Association Test (BIAT). The BIAT is an update of the IAT, which in turn is a procedure used to measure implicit attitudes without the need for self-report (Greenwald; McGhee; Schwartz, 1998; Siriam & Greenwal, 2009). This tool consists of a MRT paradigm, where the individual is presented with four different categories of visual stimuli and must respond to them quickly by using keys to categorize stimuli belonging to distinct conceptual groups. To achieve this, two concepts—previously defined in the instructions of each experimental block—are paired on the same response key, while all other possible combinations are paired on another response key. In a subsequent phase, this pairing is modified (reversed) so that the experimental conditions are balanced. Evidence of strengthened implicit association occurs when one of the pairings yields faster response times compared to the other pairings (Egloff & Schmukle, 2002; Fiorenza et al., 2023). Nosek and colleagues (2014) demonstrated important psychometric advantages of the BIAT compared to other implicit association tests.
Experimental Apparatus and Visual Stimuli
The study 2 was also conducted in a sound- and light-attenuated room equipped with a computer for stimulus presentation. The BIAT was conducted with visual stimuli presented on the screen using Inquisit® software (Millisecond Systems, version 4.0.8.0), which was also responsible for recording accuracy, MRT of responses and organizing the collected data.
Target stimuli could take the form of images (representing clean and polluted rivers) or words (representing positive and negative emotional valence), characterizing the following categories: (I) images of clean rivers; or (II) images of polluted rivers; and words representing positive (III) and negative attributes (IV). The words were colored in yellow and exhibited centrally on the screen. The positive valence stimuli consisted of the Portuguese words “Agradável” (Pleasant), “Legal” (Nice), “Ótimo” (Great), “Bonito” (Beautiful), and “Sensacional” (Awesome), while the negative valence stimuli consisted of “Péssimo” (Awful), “Terrível” (Terrible), “Nojento” (Disgusting), “Feio” (Ugly), and “Mal” (Bad).
The experimental images were also centrally presented in color, but standardizing dimensions in 16.99 cm (height) and 25.4 cm (width). These images were the same used in Study 1, having the affective ratings of valence and arousal as parameters, balancing clean rivers and polluted rivers, as well as higher- and lower-arousal categories. The BIAT was organized into six blocks: the first two contained 12 training trials (not included in the analyses), while the last four blocks contained 20 trials each.
The screen background was black and the paired categories used as focal stimuli were displayed in blue above on the screen, which were changed between the experimental blocks (supplementary material, appendix B). The target words, with positive or negative valence, were colored in yellow and presented in the center of the screen. In the case of incorrect responses, a red “X” appeared below to the target stimulus, and the participant was required to correct their response 
Reaction time was measured from the onset of the target stimulus to the execution of the correct motor response. The Inquisit®, also recognized anticipations (MRT< 300 ms), omissions (MRT > 10.000 ms) and execution related errors.  Both the distribution and the number of trials for each block, as well as the choice of words with positive and negative valence, followed previously validated experimental models (Filgueira & Pires, 2012; Nosek et al., 2014). 
Procedures
Participants received general instructions about the study and were invited to read and sign the informed consent form. After, volunteers complete a sociodemographic sheet. Then, a video containing all instructions and examples regarding the experiment was presented. Participants were instructed to sit in front of the computer and place their face on the forehead and chin rest to keep it as stable as possible, while their arms were comfortably supported on the table. They were asked to locate the “I” and “E” keys on the keyboard and to use their index fingers to respond.
Participants were instructed to maintain visual fixation on the screen displaying the stimuli throughout the entire experiment. They were informed that two types of categories could appear on the initial screen: one consisting of images (clean or polluted rivers) and the other consisting of words (positive or negative valence). Participants were instructed to temporarily memorize the two categories displayed on the screen and respond to the target stimulus as quickly as possible using the indicated response keys. To start the test, they were asked to press the spacebar. It was also explained that the images and words corresponding to the two memorized categories would disappear on subsequent screens, but the focal labels would remain at the top of the screen as a reminder to guide responses. 
In addition to the labels, target stimuli appeared in the center of the screen and could be either images or words, which participants had to associate with one of the response keys (“I” or “E”). The stimulus had to be associated with one of the two categories displayed above the target stimulus by pressing the designated response key, while all other pairings had to be answered using the opposite key. Specifically, if the stimulus presented in the center corresponded to one of the two categories shown at the top (Focal stimuli), participants should press “I”; if it did not correspond, they should press “E”. As example, if the instruction requested pairing clean rivers and positive valence words on the “E” key, then all other possible stimuli had to be responded to using the “I” key (see appendix B).
In the case of an incorrect response, a red “X” appeared at the bottom of the screen, and participants were instructed to correct their response as quickly as possible by pressing the correct key. Finally, participants were informed that instructions would change during the experiment and were asked to continue until the final screen, which would provide feedback on their results. After the video presentation, participants began their experimental session.
The task included river images matched in positive (clean) and negative (polluted) valence, with high and low arousal; thus, all participants assessed both emotional image categories. The full task was composed of six blocks, with the first and the second containing only 12 trials for training purposes (not included in the analysis) and the last blocks containing 20 trials each. The order of evaluative blocks was counterbalanced and randomized across participants to minimize potential learning effects related to the pairing order (NOSEK et al., 2014). The experimental session lasted approximately 10 minutes. Each block started using attributes as target stimuli and then balanced alternating image categories and attributes (supplementary material, appendix C).  
Statistical Analysis 
Participants were divided into more and less pro-environmental attitude groups based on their NEP scores, following the procedure described in Study 1. The D-score values from the BIAT served as the dependent variable in subsequent analyses.
To analyze the BIAT data, the D-score was calculated to characterize the implicit associations strength (Nosek et al., 2014). The D-score was computed by subtracting the mean reaction time of the congruent block from the incongruent block, then dividing this difference by the respective standard deviations in valid blocks (Greenwald, McGhee, & Schwartz, 1998; Greenwald et al., 2003):
D-score = (M_incongruent – M_congruent) / SD_pooled
The D-score ranges from –2 to +2, with higher positive values indicating stronger implicit associations between congruent concepts (e.g., clean river image – positive valence word, polluted river image – negative valence word). Conversely, negative values indicate stronger associations between incongruent concepts (e.g., clean river image – negative valence word, polluted river image – positive valence word).
The Statistica® software (StatSoft, version 6.0) was used to perform a two-way ANOVA considering the pro-environmental attitude level as the between-subjects factor (high vs. low NEP-score, as done in exp. 1), and D-score values as the within-subjects factor in two experimental conditions: a) responding to images rated as high arousal; vs. b) responding to images rated as low arousal. As D values can be interpreted similar to Cohen’s d (Cohen, 2013; Greenwald et al., 2003), no other estimative of the effect size was used. The Cohen’s d (d) was only applied to indicate standardized effect sizes related to the NEP scores.
In accordance with standard BIAT procedures (Nosek et al., 2014), responses faster than 300 ms and with latencies exceeding 10,000 ms were considered errors and were excluded from the analysis. The data from 2 participants with more than 30% of errors (by omission, execution and anticipation) were also excluded. The critical alpha level was set at p< 0.05 for all analyses. Post-hoc tests and planned comparisons were performed to further examine significant effects and interactions. 
Results
The Student’s t-test for independent samples confirmed the existence of two distinct groups regarding pro-environmental attitude (p<0.001; d= 2.367). Participants with more pro-environmental attitude showed significantly higher scores (M= 60.78, SD= 2.95, 95% CI [59.94, 61.62]) when compared to those with less pro-environmental attitude (M= 51.73, SD= 4.53, 95% CI [50.44, 53.02]).
Analysis of the D-scores revealed that participants in the high NEP-score group exhibited strong implicit associations for clean rivers when paired to positive words and for polluted rivers with negative words, in both high-arousal (D-score= 0.890) and low-arousal conditions (D-score= 0.833). A similar pattern was observed in the participants with less pro-environmental attitude, showing positive implicit associations between clean river images and positive words, as well as between polluted river images and negative words. This pattern was observed both for high-arousal images (D-score 0.811) and for low-arousal images (D-score 0.752).
	The two-way ANOVA did not revealed significant main effects of pro-environmental attitude [F(1,96)= 1.346, p= 0.249, ηp²= 0.014] nor arousal level on the implicit association strength (D-score), F(1,96)= 2.152, p= 0.146; ηp²= 0.022. Furthermore, the interaction between pro-environmental attitude and arousal level was not significant [F(1,96)= 0.001, p= 0.978; ηp²< 0.001]. 
Discussion
The present research examined if pro-environmental attitude would influence the affective processing of the natural images, polluted condition or not, through two complementary studies. The Study 1 tested if the pro-environmental attitude elicited different perceptions on affective assessment of images representing clean and polluted rivers, and also validated a set of images according to IAPS database in the affective dimensions of valence (positive or negative) and emotional arousal (high or low excitation). This validation provided a solid foundation for subsequent implicit measures, ensuring ecological validity and comparability with previous research using affective image databases as already done in other studies on emotions (Branco, Gonçalves & Badia, 2023). The findings of Study 1 replicate previous patterns observed for positive, neutral, and negative IAPS images (Bradley & Lang, 1994; Lang, Bradley & Cuthbert, 2005; Lasaitis et al., 2008; Ribeiro et al., 2004; Ribeiro et al., 2007; Ribeiro, Pompéia & Bueno, 2005). Both negative IAPS images and polluted river images were evaluated negatively, without statistical difference, consistent with prior evidence that some pollution-related images in IAPS are perceived negatively (Lang et al., 2005; Lasaitis et al., 2008; Ribeiro, Pompéia & Bueno, 2005). Positive IAPS images were rated similarly to clean river images, aligning with the ratings of preserved natural environments in IAPS (Bendall et al., 2025).
A key finding in Study 1 was the interaction between pro-environmental attitude and image for arousal scores. Participants with more pro-environmental attitude reported greater arousal to polluted river images than others, despite both groups rating these images negatively. This suggests that perceived environmental degradation differentially modulates emotional arousal depending on ecological awareness. Importantly, IAPS related arousal has been linked to sympathetic activation (Bradley & Lang, 2000; Branco et al., 2023), which in turn can enhance sensory processing (Lee et al., 2014), influence cognition and behavior (Balsamo et al., 2020; Zsidó, 2024), and reflect increased psychophysiological activity (Branco et al., 2023; Versace et al., 2023; Gerges, Shelepenkov & Kosonogov, 2025). Although this study did not directly test whether pro-environmental attitude affects emotional and attitudes in more ecological and realistic contexts, it demonstrated that such orientation can modulate emotional arousal to polluted environmental stimuli, suggesting potential downstream effects on attitudes and behavior toward nature. 
Study 2 employed the Brief Implicit Association Test (BIAT) to investigate whether pro-environmental attitude influenced implicit associations between environmental stimuli and emotional arousal. Analysis revealed strong positive implicit associations between clean rivers and positive words and between polluted rivers and negative words, regardless of pro-environmental attitude. This congruent advantage was found across high- and low-arousal images, reflected in positive D-scores for all groups. The affective meaning of environmental degradation appears sufficiently strong to override differences in favor of congruent conditions, warranting further investigation. These results are consistent with evidence showing that implicit attitudes can predict diverse pro-environmental outcomes (Fiorenza et al., 2023), such as recycling behaviors and sustainable actions (Steiner et al., 2018), environmental beliefs and values (Rudman et al., 2011; Thomas & Walker, 2016), and attitudes toward climate change (O’Donnel et al., 2020), thereby situating the present findings within a broader framework of implicit–explicit attitudinal dynamics.
Interestingly, differences in emotional arousal by pro-environmental attitude observed in Study 1 did not translate to implicit associations in Study 2. This suggests that implicit associations are primarily driven by valence rather than arousal or pro-environmental attitude. From a theoretical perspective, these findings complement prior work on implicit cognition (e.g. Winkelmair et al., 2023; Fiorenza et al., 2023) and provide further insight into how pro-environmental attitude may be engaged through more deliberate, controlled cognitive processes rather than automatic responses. 
However, several limitations of the present study should be considered to avoid overgeneralization. These include the predominance of young adults in the sample and the use of static images instead of dynamic, more realistic videos that capture a fuller environmental context. Furthermore, although using a balanced sample in terms of gender identification, neither experiment assessed this factor. Future studies could benefit from incorporating more nuanced measures of sex and gender, also increasing the sample diversity, employing a broader range of stimuli, and exploring environmental attitudes from a deeper and more realistic perspective.
Despite these limitations, the study provides relevant contributions. Even individuals with lower explicit pro-environmental attitude exhibited implicit associations favoring environmental preservation. Some authors suggest that Implicit associations tasks can reveal functional properties of relatively stable, automatic and consolidated mnemonic links (Vieanello & Bar-Anan, 2021). The present study showed that these implicit processing links clean rivers to positive valence and polluted rivers to negative valence (regardless of NEP level) providing potential practical and theoretical implications for environmental education and environmental psychological approaches. More specifically, the findings opened practical questions as if the interventional approaches to promote sustainability may be more effective reducing the discrepancy between explicit emotional reactions and stable implicit associations, fostering cognitive reappraisal of environmental harm or strengthening conscious emotional engagement. Certainly, the results presented here opened practical questions, which can be further examined.
As sum, the two studies conducted here provide complementary evidence on how environmental stimuli are emotionally processed, considering the pro-environmental attitude as independent variable. Study 1 validated valence and arousal parameters to clean and polluted river images, and demonstrated that emotional arousal can be modulated depending on pro-environmental orientation. While the Study 2 showed that visual pollution can be broadly associated to negative concepts and preserved images to positive concepts, regardless of pro-environmental attitude. Taken together, these findings offer theoretical contributions that strengthen our understanding of the affective dimensions of pro-environmental attitudes and suggest strategies that may promote more sustainable behaviors.
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