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Abstract: In the last twenty years, a great number of studies on subjective emotional evaluation of affective 
pictures have been published. However, it is well-known that the order of presentation may entail 
sequential effects, which is the perception of a previous stimulus that may influence the next stimulus's 
perception. Our study examines whether the order of picture presentation influences the subjective 
evaluation of their affective valence and arousal. The results showed some influence of the order of 
presentation on affective valence: unpleasant pictures at the end were less unpleasant than unpleasant 
pictures at the beginning, and the neutral picture, when presented after unpleasant pictures, was more 
pleasant than when presented after pleasant pictures. No effect of presentation order on arousal was found. 
These findings suggest that several picture presentation orders should be used in future experiments on 
emotions to avoid possible effects of the order on affective valence. 
 
Keywords: Affective pictures; order of presentation; affective valence; arousal. 
 

Os efeitos da ordem de apresentação das imagens na avaliação emocional subjetiva das imagens: 
Nos últimos vinte anos, um grande número de estudos sobre avaliação emocional subjetiva de imagens 
afetivas foi publicado. No entanto, é sabido que a ordem de apresentação pode acarretar efeitos 
sequenciais, ou seja, a perceção de um estímulo anterior pode influenciar a perceção do próximo estímulo. 
Este estudo examinou se a ordem de apresentação da imagem influencia a avaliação subjetiva da sua 
valência afetiva e excitação. Os resultados mostraram alguma influência da ordem de apresentação na 
valência afetiva: imagens desagradáveis no final foram avaliadas como menos desagradáveis do que 
imagens desagradáveis apresentadas no início, e a imagem neutras, quando apresentada após imagens 
desagradáveis, era avaliada como mais agradável do que quando apresentada após imagens agradáveis. 
Nenhum efeito da ordem de apresentação na excitação foi encontrado. Várias ordens de apresentação de 
imagens devem ser usadas em estudos futuros sobre emoções para evitar possíveis efeitos da ordem na 
valência afetiva. 
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In the last twenty years, a significant number of studies on subjective emotional evaluation of affective 
pictures have been published. In some studies, researchers used several orders of randomly mixed pictures 
to avoid possible effects of the order of picture presentation on the evaluation (e.g., Schlenker et al., 1995), 
but in other studies, only one order of pictures was used that might have influenced the evaluation (e.g., 
Kovalenko et al., 2010). However, it is well-known that the order of presentation may entail sequential 
effects, which is the perception of a previous stimulus that may influence the next stimulus's perception. 
Thus, Kondo et al. (2012) showed that the attractiveness rating of a given face assimilated toward the 
preceding trial rating. Damisch et al. (2006) found that an Olympic gymnast's likelihood to receive a high 
score for their exercise is higher if the preceding gymnast presented a good rather than a poor performance. 
In a study by Stewart et al. (2005), recognition of tones was biased toward the immediately preceding 
stimuli but away from more distant stimuli (assimilation and contrast effects). 

These effects could also influence the evaluation of affective stimuli and raise doubts about the 
results obtained without taking them into account. However, a similar experiment has not been conducted 
on the emotional evaluation of pictures. The presented study examines whether the order of presentation 
of affective pictures influences the participants' subjective emotional evaluation. Two typical, self-reported 
properties of affective pictures were used – affective valence, that is pleasantness/unpleasantness of a 
picture for participants (that entails approach or avoidance behavior), and arousal or subjective arousal, 
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that is the power or strength, of the experienced emotion, in response to a picture (for reviews see Lang et 
al., 1997, Kensinger, 2004). The factor analysis method showed that emotions' physiological correlates 
could be reduced to these two dimensions (Sánchez-Navarro et al., 2008). 

Two possible factors of the order of presentation were chosen – the position of a picture at the 
beginning or end of the experimental session (which might entail fatigue, habituation, or novelty effects), 
and the influence that the perception of an affective picture may exert on the next picture. Novelty or 
orienting effects might make the ratings at the beginning of the session more emotional (extreme affective 
valence points and a greater arousal). In contrast, fatigue, extinction, or habituation might make pictures 
more neutral (or less unpleasant and less pleasant) and diminish pictures' arousal ratings at the end of the 
session. A possible effect of a previous picture on the next one might be put down to the priming effect 
(Bargh and Chartrand, 2000), which consists of the exposure of a stimulus on the next one, regardless of 
the participants' awareness. Another possible explanation would be a conscious intention to balance 
ratings, taking into account previous pictures' ratings. For example, "I rated the previous picture with 7, 
and this one is more pleasant; hence, it should be rated higher, with 8 or 9". 

Therefore, the first objective of this experiment was to study the possible effects of the position of a 
picture, at the beginning or end of the experimental session, on its affective valence and arousal. The second 
objective was to check whether the perception of an affective picture may influence the affective valence 
and arousal of the next picture.  
 
METHOD 
 
Participants 
A sample of 89 university students (45 females, 44 males; Mage = 24.8, SDage = 4.7) participated in the 
experiment. All subjects gave informed consent and received course credits for participation in the 
experiment. All procedures were conducted in accordance with the Declaration of Helsinki. 
 
Stimuli 
Thirty-three photographic pictures (10 unpleasant, 13 neutral, and ten pleasant) from the Internet were 
used in the study. Some of them were presented several times; the total number of trials was 70 (Figure 1). 
Fourteen pictures were experimental (i.e., their data were statistically analyzed), and 19 were control (i.e., 
they were presented before experimental pictures, and their data were not analyzed). Seven experimental 
pictures (three unpleasant pictures of different arousal, depicting garbage, rebels, and mutilation; one 
neutral picture, depicting working people; and three pleasant pictures of different arousal, depicting 
nature, food, and erotica) were presented twice – at the beginning (within trials 1-14) and at the end 
(within trials 57-70) of the session, each being presented after one of the neutral control pictures 
(household objects). The other seven experimental pictures (three unpleasant, one neutral, and three 
pleasant ones depicting similar events or objects as the seven pictures mentioned above) were presented 
three times (within trials 15–56) - after one of control unpleasant (mutilation), one of control neutral 
(household objects), and one of control pleasant pictures (erotica). This unequal number of pictures (three 
unpleasant of different arousal, one neutral, and three pleasant of different arousal) was used because, 
usually, the affective valence of unpleasant and pleasant pictures varies more than the affective valence of 
neutral ones (Amrhein et al., 2004, Kosonogov et al., 2019). All the pictures were of the same size (800 × 
600 pixels) and color depth (24 bits) and were presented in full-screen mode. Not more than three 
successive pictures of the same affective valence were allowed. 
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Figure 1. The design of the study. 
 
Procedure 
Each participant sat alone in a classroom, in front of a 44-cm monitor (it was one monitor with the same 
settings for all participants), watched at a time one picture as long as they wanted (a free-viewing 
paradigm), and clicked with the mouse on buttons which indicated points of affective valence and arousal 
from 1 to 9 (1 meant "very unpleasant" and "no arousal," and 9 meant "very pleasant" and "very arousing," 
respectively).  Participants could not go back to change their evaluation of previous pictures. Neither could 
they skip a picture. The experiment was conducted in a graphical experiment builder OpenSesame 3 
(Mathôt et al., 2012). The free-viewing paradigm was chosen because it was shown previously that more 
arousing pictures (i.e., unpleasant and pleasant versus neutral) required more time to be processed and 
evaluated (Hamm et al., 1997, Ritz et al., 2005). It was impossible to use more affective pictures due to the 
time restriction of the session. Not more than three successive pictures of the same affective valence were 
allowed. 
 
Data analysis 
Differences between affective valence and arousal ratings at the beginning and end of the session were 
analyzed with paired t-tests. A potential effect of the perception of an affective picture on the next picture's 
valence and arousal was studied with an analysis of variance with repeated measures with the Bonferroni 
pairwise comparisons. 
 
 
 
 

Question 1: 
Do affective valence and arousal differ 
at the beginning vs. end 

of the experimental session? 

1 unpleasant, low arousal (garbage) 

1 unpleasant, middle arousal (rebels) 

1 unpleasant, high arousal (mutilation)  

1 neutral, low arousal (workers) 

1 pleasant, low arousal (landscape)  
1 pleasant, middle arousal (food) 

1 pleasant, high arousal (erotica) 

presented twice after a neutral control  picture (household objects) 

beginning trials (1-14) end trials (57-70) 

trials ( 15-56) 

an unpleasant control picture (mutilation) 

a neutral control picture (household objects) a 
pleasant control picture (erotica) 

1 unpleasant, low arousal (garbage) 

1 unpleasant, middle arousal (rebels)  
1 unpleasant, high arousal (mutilation)  
1 neutral, low arousal (workers) 
1 pleasant, low arousal (animals)  
1 pleasant, middle arousal (food)  
1 pleasant, high arousal (erotica) 

Question 2: 
Do affective valence and arousal differ 

if the picture is presented after an unpleasant 

vs. neutral vs. pleasant 

picture? 

presented three times after:  
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RESULTS 
 
Control pictures 
Control pictures received the expected ratings. Unpleasant pictures were rated with 1.94 (SD = 1.78) points 
of affective valence and 6.97 (SD = 2.55) points of arousal. Neutral pictures received 5.02 (SD = 0.97) points 
of affective valence and 2.83 (SD = 2.04) points of arousal. Pleasant pictures were rated with 7.48 (SD = 
2.05) points of affective valence and 7.11 (SD = 2.32) points of arousal. These data are consistent with the 
pictures widely used in literature and allow us to conduct further analysis of experimental pictures. 
  
Experimental pictures 
The descriptive statistics of affective valence, at the beginning and end of the session, are presented in Table 
1. The unpleasant pictures at the end of the session were less unpleasant than the unpleasant pictures at 
the beginning, t(88) = 2.56, p = .012, Cohen’s d = 0.27, 95% CI [0.06, 0.48], 1 – β = .81. The affective valence 
of neutral pictures did not differ at the beginning and end of the session, t(88) = 0.72, p = .480. The affective 
valence of pleasant pictures did not differ at the beginning and end of the session either, t(88) = 0.81, p = 
.420.  
 
Table 1. Affective Valence Ratings of Pictures at the Beginning and End of the Session 

 
At the beginning At the end 

M SD M SD 
Unpleasant 2.43a 1.38 2.73a 1.45 

Neutral 5.01 1.02 5.09 1.05 
Pleasant 7.36 1.36 7.24 1.24 

The superscript means that the indicated values were significantly different. 

 
Table 2 displays the descriptive statistics of the affective valence of the pictures presented after different 
affective pictures2. The effect of the perception of a previous affective picture on the valence of the next 
neutral picture was significant, F(2, 176) = 3.48, p = .040, ηp2 = .038, 1 – β = .95. Post hoc pairwise 
comparisons showed that neutral pictures, presented after unpleasant pictures, were more pleasant than 
neutral pictures presented after pleasant pictures, p = .025, Cohen's d = 0.24, 95% CI [0.03, 0.45]. The effect 
of the perception of a previous affective picture, on the valence of the next unpleasant picture, was not 
significant, F(2, 176) = 2.29, p = .111, ηp2 = .025. The effect of the perception of a previous affective picture 
on the next pleasant picture's valence was not significant either, F(2, 176) = 1.78, p = .175, ηp2 = .020. 
 
Table 2. Affective Valence Ratings of the Pictures, Presented After the Pictures of Different Affective 
Valence 

 
After unpleasant pictures After neutral pictures After pleasant pictures 

M SD M           SD M                   SD 
Unpleasant 2.71 1.28 2.91 1.41 2.71 1.38 

Neutral 5.25a 1.23 5.08 1.09 5.00a 0.99 
Pleasant 7.43 1.29 7.34 1.30 7.49 1.26 

The superscript means that the indicated values were significantly different. 

 
The descriptive statistics of arousal at the beginning and end of the session are presented in Table 

3. We did not find any effect of a picture's position at the beginning or end of the experimental session on 
its arousal. The arousal of unpleasant pictures did not differ at the beginning and end of the session, t(88) 
= 0.26, p = .787. The arousal of neutral pictures did not differ at the beginning and end of the session, t(88) 
= 0.06, p = .950. The arousal of pleasant pictures did not differ at the beginning and end of the session either, 
t(88) = 1.62, p = .110.  
 

 
 
 

 
2 A paired t-test of the pictures presented at the beginning and end showed that the arousal of pleasant pictures was greater than the arousal 
of unpleasant pictures (M = 6.79 vs. M = 4.25), t(88) = 7.58, p = .001, Cohen’s d = 1.41. In the same vein, a paired t-test of the pictures, presented 
in the middle trials (that tested the second hypothesis), showed that the arousal of pleasant pictures was greater than the arousal of unpleasant 
pictures (M = 7.59 vs. M = 5.18), t(88) = 7.76, p = .001, Cohen’s d = 1.42. This will be discussed in a limitation paragraph in Discussion. 
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Table 3. Arousal Ratings of the Pictures at the Beginning and End of the Session 

 
At the beginning At the end 
M SD M SD 

Unpleasant 4.27 2.63 4.23 2.59 
Neutral 3.80 1.98 3.79 1.92 
Pleasant 6.70 1.62 6.89 1.58 

 
Table 4 displays the descriptive statistics of the arousal of the pictures presented after different 

affective pictures. The effect of the perception of a previous affective picture, on the arousal of the next 
unpleasant picture, was not significant, F(2, 176) = 0.24, p = .788, ηp2 = .003. The effect of the perception of 
a previous affective picture on the next neutral picture's arousal was not significant either, F(2, 176) = 1.06, 
p = .340, ηp2 = .012. Finally, the effect of the perception of a previous affective picture on the next pleasant 
picture's arousal was not significant, F(2, 176) = 2.47, p = .088, ηp2 = .027. 
 

Table 4. Arousal Ratings of the Pictures, Presented After the Pictures of Different Affective Valence 

 
After unpleasant pictures After neutral pictures After pleasant pictures 

    M SD      M               SD M                  SD 
Unpleasant 5.16 2.86 5.21 2.77 5.15 2.92 

Neutral 3.91 2.04 3.74 1.99 3.70 1.84 
Pleasant 7.64 1.28 7.49 1.37 7.62 1.30 

 
DISCUSSION 
The aim of the study was to examine whether the order of affective pictures influences the subjective 
evaluation of them in terms of affective valence and arousal. Two types of variables were studied – the 
position of a picture at the beginning or end of the 70-trial presentation and the picture's position after an 
unpleasant, neutral, or pleasant picture. Both control and experimental pictures received the expected 
ratings (correspondent with, for example, the data of Bradley et al., 2001). The results show that only 
affective valence was slightly modulated by the sequence effects. 

Unpleasant pictures at the end of the session were less unpleasant than unpleasant pictures at the 
beginning. In other words, the affective valence of unpleasant pictures increased, and they became less 
unpleasant at the end. There could be two explanations for these data. First, extinction or habituation could 
diminish the stressful impact of unpleasant pictures. However, it should be noted that all pictures' 
subjective arousal did not change at the end of the session, compared with the beginning, which would also 
have happened if extinction, or habituation, had influenced the evaluation. Hence, the second explanation 
is more plausible – the unpleasant pictures, presented at the beginning, greatly stressed the participants 
(orienting response, albeit not measured physiologically in our study; Sokolov, 1960), But, at the end, 
participants evaluated the unpleasant pictures (the same ones at the beginning), firstly, taking into account 
all unpleasant pictures in the experiment, and compared their affective valence, and, secondly, when the 
orienting effect had already disappeared. The same effect was not found for neutral and pleasant pictures, 
probably, because the orienting reflex is more salient in response to unpleasant stimuli, as shown in startle 
eyeblink studies (Vrana et al., 1988). This can be referred to as negativity bias – a construct that describes 
our predisposition to attend to and be more affected by a negative experience (Haizlip et al., 2012) that 
may play an important role in survival. However, interestingly, repeated presentation attenuated the 
negativity, whereas pleasant pictures' valence was not changed. 

When presented after unpleasant pictures, the neutral picture was rated as that when presented 
after pleasant pictures. This means that people overestimate a neutral picture's pleasantness if they have 
just watched an unpleasant picture previously. These data may indirectly reflect negativity bias as well – 
the enhanced attention to a previously observed unpleasant picture makes us evaluate the next neutral 
picture by comparing them. This is why the contrast is noted better, and the neutral picture becomes more 
pleasant.  

Interestingly, no effect of the order of picture presentation on subjective arousal was found. This 
means that this feature of affective pictures is stable and is not subject to the influence of pictures' order. 
First, it can be suggested that there was no extinction or habituation. On the other hand, usually, subjective 
arousal has a greater standard deviation than affective valence, which may mean that subjective arousal is 
a vaguer concept, which is hard for participants to use. Thus, in our study, standard deviations of arousal 
were up to two times greater than standard deviations of affective valence, which impede the search for 
significant differences between mean values of arousal. This is why they may attribute arousal ratings to 
pictures less consciously without comparing different pictures. 
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This study has some limitations that could be avoided in future research. Thus, a small number of 
pictures were used (overall, 14 experimental pictures), but the study's design required a great number of 
control pictures. Moreover, the pictures had not been validated or published previously. However, the 
pictures received the expected ratings, corresponding with the well-known data. For example, the 
mutilation pictures are more unpleasant than household objects. It turned out that unpleasant and pleasant 
pictures were not balanced by arousal. But our comparisons were conducted within an affective category 
(i.e., pleasant pictures were compared only with pleasant ones), and, in general, not always researchers 
balance the arousal of pleasant and unpleasant pictures, depending on the aim of their study (e.g., Wangelin 
et al., 2011). Future research should employ more pictures of a greater affective spectrum and different 
themes because some themes have their unique influence on participants. For example, mutilation pictures 
can make human posture "freeze" (Azevedo et al., 2015).  

However, the study showed that the order of picture presentation could influence the subjective 
evaluation of affective pictures. The affective valence of affective pictures can be influenced by the position 
of pictures in the experimental session (unpleasant pictures at the end are less unpleasant than at the 
beginning) and by the affective valence of pictures presented previously (neutral pictures are more 
pleasant if presented after an unpleasant one). Therefore, in designs with only one order of picture 
presentation, this may hinder the measurement of other variables under study. To conclude, it can be 
recommended to use several orders of presentation of pictures to avoid possible influences of order on 
affective valence. 
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