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Abstract

Evaluative conditioning (EC) refers to a change in liking of a conditioned stimulus (CS)
consecutive to its repeated pairing with a valent unconditioned stimulus (US). We relied on a
multinomial processing tree model to compare the processes underlying EC in middle-aged
children (n = 57; Mage = 8.65; range = 6.94—11.03; 31 females) and young adults (n = 57;
Mage = 19.16; range = 17.60—23.60; 53 females). We found that controllable and
uncontrollable valence transfer processes concurrently contributed to EC in adults and
provided initial evidence that they are already present in children. Moreover, the experiment
revealed that both types of processes are weaker in children than in adults and that
controllable processes are stronger in older children than in younger ones. These findings
suggest that both controllable and uncontrollable processes already underlie EC in middle-

aged children but that they continue to mature after childhood.
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Whether on billboards or via various screens, children are constantly the target of
attempts to influence them consistent with the principle of evaluative conditioning (EC). EC
procedures consist in repeatedly pairing a conditioned stimulus (CS) with an unconditioned
stimulus (US) of either positive or negative valence. As a result, attitudes (i.e., our likes and
dislikes) become more positive toward positively paired CS and more negative toward
negatively paired ones, a phenomenon known as the EC effect (De Houwer, 2007).

The EC effect has been replicated many times with adult participants (see Hofmann, et
al., 2010, for a meta-analysis). In contrast, only a few studies have investigated it in children.
While a couple of studies showed EC effects in 3 to 6 years old (Halbeisen et al., 2017, 2020)
and 7 to 11 years old children (Beckers et al., 2009; Field, 2006), EC is weaker in children
(Hofmann et al., 2010) and some studies even found no EC effect in children (e.g.,
Charlesworth et al., 2020). This lack of investigations is surprising, as many attitudes are
acquired during childhood (Rutland et al., 2005). Furthermore, a couple of recent studies,
conducted in adults, examined whether the impact of the pairings on evaluative responses can
be intentionally controlled (e.g., minimized or maximized) and whether the acquisition of
conditioned attitude occurs via controllable or uncontrollable valence transfer processes
(Balas & Gawronski, 2012; Gawronski et al., 2014, Gawronski et al., 2015; Hutter &
Sweldens, 2018). However, these questions had not yet been studied in children. The present
study was the first to investigate the cognitive processes underlying EC in children. More
specifically, as cognitive control is still immature in children (Chevalier & Blaye, in press),
we compared the role of controllable and uncontrollable valence transfer processes in middle-
aged children and young adults.

The demonstration that EC procedures can have some uncontrollable effects on
attitudes of children would have important practical and ethical implications. EC may indeed

lead to the acquisition of attitudes that can have significant consequences in domains such as



racial prejudice (e.g., Olson & Fazio, 2006), health (e.g., Hollands et al., 2011), or
consumption (e.g., Stuart et al., 1987). From a theoretical point of view, the controllability
question is related to the general debate about the implication of automatic processes in
learning in general and in attitudes acquisition in particular (Mitchell et al., 2009; McLaren, et
al., 2014). According to single-process models of attitude learning, valence transfer from US
to CS is exclusively mediated by conscious propositions about how the two stimuli are related
whereas dual-process models posit that valence transfer may also occur automatically via the
mere registration of the co-occurrences between stimuli (e.g., Gawronski & Bodenhausen,
2014). Conscious propositions give rise to an intentional and controllable transfer of valence
because it can be modulated by information about the relation between stimuli. For example,
the information that disinfectant prevents wounds from becoming infected should lead to a
positive attitude toward disinfectant and should override potential negative attitude that may
result from repeated co-occurrences of the disinfectant and getting injured. By contrast, one of
the features of automatic processes is uncontrollability (e.g., US valence is transferred to CS
irrespective of people intentions to be or not to be influenced by stimuli co-occurrences), the
other three being unawareness, efficiency (i.e., they operate with few attentional resources)
and goal independence (Bargh, 1992). While the other features of automaticity have been
studied more extensively (e.g., Waroquier et al., 2020; see Corneille & Stahl, 2018; Sweldens
et al., 2014 for reviews), it is only recently that a few EC studies have examined the
controllability question in adults. These studies suggest that even in adults, the impact of the
pairings is only partially controllable. Indeed, most recent studies suggest that independent
controllable and uncontrollable processes lead to valence transfer in the same EC procedure
(Hutter & Sweldens, 2018).

The present study is the first to address the controllability question in children.

Controllable valence transfer processes are likely to develop in parallel with more general



cognitive control abilities. Cognitive control refers to the ability to regulate behavior to
produce a goal-directed response in a situation that cannot be resolved automatically (Miller
& Cohen, 2001). As it involves brain structures that mature particularly slowly (including
prefrontal, anterior cingulate and parietal cortices) it follows a protracted development (Sera
& Scott, 2013; Zelazo & Carlson, 2012). Furthermore, it plays a key role in explicit learning
(Chevalier & Blaye, in press).The literature on the development of cognitive control showed
that control may be triggered intentionally, guided by a cue that explicitly signals what is
required or incidentally as function of experience learned in the task and that the two forms of
control develop differently (Gonthier et al., 2021). In the present study, we focused on the
first form of control as participants were provided with explicit instructions on how to
respond to stimuli. The study therefore involved children from 7 years as they are able to
engage cognitive control in response to explicit cues given in advance (Chevalier & Blaye, in
press). Major qualitative changes in intentional cognitive control occur somewhat earlier in
preschoolers (Chevalier, 2015; Zanolie & Crone, 2018). More specifically, the use of
proactive control emerges around age 5-6 (e.g., Gonthier et al., 2019). After the age of 7, the
changes are slower and mostly quantitative and these improvements continue until early
adulthood (e.g., Lorsbach & Reimer, 2008). Hence, we compared controllable attitude
learning processes in children aged 7 to 11 years and in adults.

Recent studies showed that, in adults, valence transfer may also occur via processes
that are uncontrollable, efficient and goal-independent (Hutter & Sweldens, 2018; see also
Corneille et al., 2019). Processes that are characterized by several features of automaticity
may thus underlie EC in adults (e.g., Hutter et al., 2012; Hutter & Sweldens, 2018; contrast
Corneille & Stahl, 2019). Not all automatic processes have the same developmental
trajectory. On the one hand, some automatic processes may be acquired in very early

childhood or even be innate (Bargh et al., 2012; Spelke & Kinzle, 2007). For example, pre-



attentive processes involved in the coding of simple physical features such as color, size, and
shape orientation, are innate and apparently insensitive to learning (Treisman et al., 1992). On
the other hand, automaticity may result from skills acquisition (Cleeremans & Jiménez, 2002;
Tzelgov, 1997). Indeed, the degree of automaticity with which children solve a variety of
cognitive tasks such as visual and memory search, mental rotation and mental addition
increases with age (Kail, 1988). Moreover, studies on the development of automatic
associative processes in memory and false memory suggest that they increase at least until the
age of 11 years (e.g., Wimmer & Howe, 2009). The current study will explore whether
uncontrollable valence transfer processes involved in EC are already fully functional in
children or continue to develop between middle childhood and adulthood.

In order, to investigate the processes underlying attitude acquisition in children we
adapted the multinomial processing tree model recently developed by Hiitter and Sweldens
(2018). Contrary to previous approaches, this model allows quantifying controllable and
uncontrollable valence transfer processes in a single explicit dichotomous evaluation measure
(i.e., pleasant vs. unpleasant). Following the logic of the process dissociation procedure
(Jacoby, 1991), a variant of the EC procedure in which controllable and uncontrollable
processes act in concert and another one in which they oppose each other were used. In the
standard instructions condition, participants were told that US valence gives information
concerning CS pleasantness while in the reversal instructions condition they were told that it
gives false information (i.e., pleasant CS are paired with unpleasant US and vice versa). Thus,
both controllable and uncontrollable valence transfer processes should lead to evaluate CS in
line with US valence for standard instructions. By contrast, for reversal instructions,
controllable processes should lead to evaluate CS oppositely to US valence and uncontrollable
ones to evaluate them in line with it. Based on participants’ responses in the two variants of

the task, three parameters can be estimated. The c-parameter is an estimate of the percentage



of trials where valence transfer occurs through controllable processes. Among trials for which
control failed (1-c), the u-parameter is an estimate of the percentage of trials where valence
transfer occurs through uncontrollable processes. Among trials in which there is no valence
transfer [(1- ¢) * (1 - u)], the r-parameter reflects the proportion of positive responses based
on non-systematic processes (see Hutter & Sweldens, 2018, for a processing tree
representation).

Children aged 7 to 11 and young adults were exposed to a conditioning procedure
adapted from the paradigm developed by Hutter and Sweldens. To make the paradigm
suitable for both children and adults we have shortened the procedure, adapted the
instructions as well as the stimuli. Based on previous research, we expected a regular EC
effect for standard instructions and a reversed EC effect for reversal instructions. As average
EC effect size was smaller in children in previous research (Hofmann et al., 2010), we also
expected that these effects would be smaller in children than in adults. More importantly, we
hypothesized that both controllable and uncontrollable processes would underlie valence
transfer in children and in adults. We also expected that controllable processes would be
weaker in children than in adults. Two competing hypotheses can be formulated regarding
the comparison of the strength of uncontrollable processes in adults and in children. They
could be weaker in children if these processes are still immature or of equal strength if they

are already fully functional.

Method

The experiment was not formally preregistered. The exact instructions given to
participants, CS, US International Affective Picture System (Lang et al., 2008) number and
the data are available on Open Science Framework

(https://osf.io/8yskg/?view_only=67a3ad2a41b54b5e8f3e43d6685f3676).



Participants and design

A power analysis for hypothesis tests on the c- and u- parameters is reported in Table
1. This analysis revealed we had a statistical power of .95 or higher for most hypothesis tests

and a power of .68 to detect a difference between the u-parameter and zero in children.

Fifty seven Aix-Marseille University students (Minage = 17.60; MaxXage = 23.60; Mage =
19.16; SDage = 0.97; 53 females) and fifty seven children who completed the experiment in an
elementary school in Aix-en-Provence (n = 53) or at home (h =4) took part in the experiment
(Minage = 6.94; MaXage = 11.03; Mage = 8.65; SDage =1.00; 31 females). The data from one
additional university student were excluded from all analyses because he failed to comply
with instructions. Written informed consent was obtained from participants or their parents.
University students received course credits in return for their participation. The study
conformed to the ethical standards of the declaration of Helsinki and was approved by the
ethic committee of Aix-Marseille University (‘Etude des processus contrdlables et
incontrélables sous-tendant le conditionnement évaluatif’, protocol number: 2021-01-07-09).
The design of the study included US valence (positive vs. negative) and time of measurement
(preratings vs. postratings) as within-subjects factors and instruction condition (standard vs.

reversal) and age group (children vs. young adult) as between-subjects factors.

Procedure



All participants completed the experiment individually on a computer, in a quiet room,
under the supervision of an experimenter present to read instructions and ensure attention.
Participants started the experiment by evaluating a set of 12 pleasant and 12 unpleasant
pictures from the IAPS on a 7 point smiley rating scale ranging from very unpleasant to very
pleasant. These pictures were suitable for children of 7 years and older'. The 6 most pleasant
and the 6 most unpleasant pictures for each participant were selected as positive and negative
US. Participants then evaluated a set of 24 black-and-white pictures of human faces (12
females, 12 males), that had already been used in previous research (Waroquier et al., 2020;
Lundgvist et al., 1998), on a 7 point smiley rating scale. For each participant, the 12 faces

with the most neutral rating were selected as CS.

Prior to the conditioning phase participants received standard or reversal instructions.
In both conditions they were told that they would see faces of unknown persons and that
pictures would be presented at the same time. In the standard condition they were told that
these pictures provide information about people and that when a face is presented with a
pleasant picture it means that the person is pleasant while when it is presented with an
unpleasant picture it means that the person is unpleasant. In the reversal condition, they were
told that pictures give false information about people and that when a face is presented with a
pleasant picture it means that the person is unpleasant while when it is presented with an
unpleasant picture it means that the person is pleasant. In the subsequent conditioning phase,
each CS was randomly assigned to a US. Each pair was presented 6 times in a simultaneous
presentation. CS were displayed to the right of the US during half of the presentations and to
the left during the other half. Pairings were presented in a random order for 2,500 ms with an
inter-trial interval of 500 ms. After the conditioning phase participants first evaluated each CS
on a dichotomous rating scale (pleasant vs. unpleasant). These dichotomous evaluative

responses are needed to estimate the model parameters. Next, they evaluated CS on a 7 point



smiley rating scale which is a more common measure of attitude. At the end of the
experiment, participants were thanked and debriefed. Prior to taking part in the actual
experiment, participants had carried out a training phase in which they had familiarized
themselves with the standard or the reversal instructions (depending on the condition), the
conditioning procedure and the dichotomous and 7 point smiley rating scales that were used
in the actual experiment. During the training, participants performed a short version of the EC
task during which the experimenter gave a feedback after each CS evaluation. Before they
started the actual experiment, the experimenter made sure that each participant was able to
explain what he had to do in their own words. Pictures used during the training phase were

not used in the actual experiment.

Results

We first analyzed evaluative ratings in order to assess EC effects and compared EC
effects obtained in children and in adults. Next, we analyzed response frequencies at the
dichotomous evaluation task in order to estimate controllable and uncontrollable valence

transfer processes and compared the processes estimates in children and in adults.

Evaluative ratings

CS evaluative ratings are displayed in Figure 1 for the two instruction conditions and
the two age groups. They were submitted to a 2 (US valence) x 2 (time of measurement) x 2
(instruction condition) x 2 (age group: children vs. adults) mixed ANOVA. This analysis
revealed an overall EC effect as evidenced by a significant interaction between US valence
and time of measurement, F(1, 110) = 25.6, p <.001, np? = .189, 90% CI [.089, .29]>.
Importantly, the EC effect was moderated by instruction condition, F(1, 110) = 64.8, p <.001,

np?=.371, 90% CI [.25, .47], and the four-way interaction between US valence, time of
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measurement, instruction condition and age group was significant, F(1, 110) = 5.84, p =.017,
np? = .05, 90% CI [.005, .13]. Additionally, the main effect of US valence, F(1, 110) = 21.1,
p <.001, np? = .161, 90% CI [.068, .26], the interaction between US valence and instruction
condition, F(1, 110) = 57.9, p < .001, ny? = .345, 90% CI [.23, .44], the interaction between
US valence and age group, F(1, 110) = 4.25, p = .041, n? = .037, 90% CI [.001, .11] and the
interaction between US valence, instruction condition and age group, F(1, 110) =8.95, p =
.003, np? =.075, 90% CI [.015, .16] were also significant. These last four effects are less

important from a theoretical point of view.

We assessed the interaction between US valence and time of measurement separately
for each type of instructions. These analyses revealed a significant EC effect for standard
instructions, F(1, 55) = 66.1, p <.001, ny? = .546, 90% CI [.39, .65], and a significant
reversed EC effect for reversal instructions, F(1, 55) = 4.96, p = .030, np>= .083, 90% CI
[.004, .21]. As can be seen by comparing the partial 12, the magnitude of the regular EC effect
found for standard instructions was more than six times larger than the reversed effect found

for reversal instructions.

To decompose the four-way interaction, we conducted separate analyses for each type
of instructions. There was a three-way interaction between US valence, time of measurement

and age group for standard instructions, F(1, 55) = 9.13, p = .004, n®> = .142, 90% CI [.029,
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.28], indicating that the EC effect was moderated by age. The effect was significant in
children, F(1, 28) = 14.7, p < .001, np>= .344, 90% CI [.11, .52], and in adults, F(1, 28) =
84.2, p <.001, np?>= .757, 90% CI [.59, .82], however its magnitude was more than two time
smaller in children. By contrast, the three way interaction was not significant for reversal
instructions, F(1, 55) = 0.07, p = .794, np?=.001, 90% CI [0, .049]. Hence age group failed to

significantly moderate the reversed EC effect found with reversal instructions.

Finally, exploratory analyses examined the correlation between age in days and an
index of EC (the difference between attitude change for positively and negatively paired CS)
among children. It was neither significant for standard instructions, r(27) = -.051, p =.79,

95% CI [-.41, .32] nor for reversal instructions, r(26) = -.289, p =.136, 95% CI [-.60, .094].

Estimates of controllable and uncontrollable processes

Insert Table 2 about here

Response frequencies at the dichotomous evaluation task are given in Table 2. We
used multiTree (Moshagen, 2010) to test whether these observed frequencies differ from the
frequencies predicted by a model containing one c-, one u-, and one r-parameter per age
group. The model fitted the data well, G3(2) = 2.09, p = .351. As can be seen in Figure 2, in
children, the estimate of the c-parameter was Cchilgren = .20, indicating that controllable
valence transfer processes accounted for 20% of the CS evaluations. The u-parameter’s
estimate was Uchildren = .11, indicating that uncontrollable valence transfer processes accounted

for 9% (i.e., the product of the converse probability of the c- parameter and of the u-

12



parameter) of the CS evaluations. The r-parameter’s estimate Was rchiigren = .53. This indicates
that among remaining trials in which there was no valence transfer, children responded
pleasant in 53% of the cases (and unpleasant on 47% of the cases). The estimates of the
Cehildren, AG?(1) = 28.7, p < .001, and the uchildren, AG?(1) = 5.85, p < .015, parameters differed
significantly from zero demonstrating that both controllable and uncontrollable valence
transfer processes contributed to CS evaluations and there was no significant response bias as

the r-parameter did not differ from chance level (i.c., .5), AG?(1) = 0.94, p = .331..

In adults, the parameter estimates were Caguits = .64 , Uadults = .44, and ragurs = .53. Hence,
controllable valence transfer accounted for 64% of the CS evaluations, uncontrollable valence
transfer for 16% and when there was no valence transfer, adults responded pleasant in 53% of
the cases. As in children, the estimate of the Caguis, AG" (1) = 316, p < .001, and Uaduis , AG’
=29.7, p <.001, parameters differed significantly from zero and raguis did not differ from
chance level, AG?(1) = 0.22, p = .639. Hence, controllable and uncontrollable valence transfer

processes contributed to CS evaluations in adults as well.

Next, we tested whether parameter estimates differed as a function of age group. We
found that the estimation of the c-parameter, AG2(1) =83.7, p <.001 as well as of the u-
parameter, AG2(1) =12.6, p <.001, were significantly weaker in children than in adults while

the r-parameter’s estimation did not differ as a function of age group, AG2(1) =0.01, p = .935.
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A last series of exploratory analyses tested whether parameter estimates differed as a
function of children’s school grade® (2" grade, n = 22, Mage = 7.68, SDage = 0.37 vs. 3" grade,
N =17; Mage = 8.60, SDage = 0.24 vs. 4" grade, n = 18; Mage = 9.88, SDage = 0.46). The model
containing one c-, one u-, and one r-parameter per school grade fitted the data well, G2(3) =
1.64, p = .650. The estimates of the c-parameters were Cand grade = .16, 95% CI [.04, .27], Card
grade = .11, 95% CI [-.03, .24], and Cath grade = .37, 95% CI [.24, .49]. The c-parameter estimate
was larger for 4" grade than for 2" grade, AG2(1) = 5.51, p = .019, and 3" grade children,
AG?(1) = 7.58, p = .006. There was no difference between 2" and 3" grade children, AG2(1)
=0.35, p = .557. These results suggest that controllable valence transfer processes are
stronger in older children. The estimates of the u-parameters were Uznd grade = .19, 95% CI [.04,
.33], Uszrd grade = .05, 95% CI [-.10, .20] and Uath grage = .05, 95% CI [-.14, .25]. These estimates
did not differ significantly as a function of school grade. The estimates of the r-parameters
Were Ind grade = .53, 95% CI [.44, .62], rard grade = .55, 95% CI [.47, .63] and rat grace = .48, 95%

CI[.38, .59]. Again, there was no difference between school grades.

Discussion

The current experiment provided an initial insight into the cognitive processes
underlying EC in children by comparing controllable and uncontrollable valence transfer
processes in children aged 7 to 11 and young adults in a single experimental paradigm. We
found an EC effect in both children and young adults when standard instructions were given.
However, its magnitude was smaller in children. When reversal instructions were given,
participants were able to take them into account as evidenced by a reversed EC effect which
was not significantly moderated by age group. This indicates that children had no specific
difficulty in understanding these instructions. Overall, the regular EC effect found with

standard instructions was larger than the reversed EC effect found with reversal instructions
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which may indicate that EC is not sustained exclusively by controllable processes. As
comparisons between tasks remain ambiguous regarding the cognitive processes involved
(Jacoby, 1991), we relied on a multinomial processing tree model to gain insight into the

processes underlying valence transfer (Hitter & Sweldens, 2018).

Our results provided the first evidence suggesting that both controllable and
uncontrollable processes are involved in valence transfer in children. In adults, we found that
both types of processes were present as well and thereby replicated the results of Hitter and
Sweldens (2018). As predicted, controllable processes were weaker in children than in adults
and exploratory analyses suggest that they were weaker in younger children than in older
ones. Our results thus show that middle-aged children are already able to use regularities
between neutral and affective stimuli to acquire new attitudes via controllable processes and
that this ability grows stronger with age. Moreover, they suggest that controllable valence
processes are related to more general cognitive control abilities as cognitive control continues
developing during adolescence (Sera & Scott, 2013; Zelazo & Carlson, 2012). Uncontrollable
processes also contributed to valence transfer in children as well as in adults. Interestingly,
these processes were weaker in children. This result challenges the assumption that if any
automatic processes are involved in EC, they should be fully functional by an early age
(Hofmann et al., 2010). It rather suggests that the uncontrollable processes captured by the
multinomial processing tree model are processes that are gradually automatized as they

strengthen between middle childhood and adulthood (Cleeremans & Jiménez, 2002).

A potential ambiguity in the interpretation of our results comes from the fact that
standard and reversal instructions were given before the conditioning. Participants may thus
have exerted control during attitude acquisition (i.e., during pairings encoding) or during

attitude expression (i.e., when asked to evaluate CS) (Balas et al., 2014). However, previous
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studies showed that the c-parameter was sensitive to experimental manipulations implemented
at learning. Moreover, control was not impaired in a within-participants variant of the
paradigm in which it is more difficult to implement control during attitude expression because
participants evaluate CS from the standard and the reversal conditioning blocks at the same
time (Hutter & Sweldens, 2018). These findings suggest that control is mainly exerted during
attitude acquisition at least in adults. It is still possible that children and adults exert control in
different ways. In this regard, previous studies showed that preschoolers experienced
difficulty with intentionally engaging cognitive control in advance, before the critical event
occurs on the basis of explicit predictive cues and rely foremost on reactive control (e.g.,
Braver et al., 2007 ; Munakata et al., 2012). However, children aged 7 and over (as in the
present study) are able to use proactive control much better (Lorsbach & Reimer, 2008; 2010;
Polizzotto et al., 2018) and should thus be able to exert control during attitude acquisition. An
interesting perspective for further research would be to examine controllable processes in
children of different ages and to examine whether control strategies vary as a function of their
age.

As in other processes dissociation approaches (Jacoby, 1991), we estimated the ¢ and
u-parameters under the assumption that the contribution of both processes to CS evaluations is
invariant across instruction conditions. As following reversal instructions may be more
difficult, it is plausible that participants exerted more control under reversal instructions
(Botvinick et al. 2001). If this was the case, controllable processes could be overestimated and
uncontrollable process underestimated because the model would treat CS that acquired US
valence via uncontrollable processes in the standard condition as if transfer was due to
controllable processes (see Hiitter & Sweldens, 2018 for a more detailed discussion of
possible effects of violation of the invariance assumption). Furthermore, if this tendency was

more pronounced in children controllable processes could be more overestimated and
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uncontrollable processes more underestimated in children as compared to adults. However,
our finding that the u-parameter is smaller in children is congruent with previous findings that
EC effect size is lower in children in incidental EC paradigm in which controllable transfer is
presumably less implemented.

In sum, the current study suggests that children aged 7-11 years are already able to use
the co-occurrences between neutral and affective stimuli intentionally to acquire new attitudes
and that this ability grows stronger with age. Co-occurrences also led to uncontrollable
attitude acquisition, although to a lesser extent than in adults. These results have substantial
implications. On a methodological level, they show that multinomial processing tree modeling
is a valuable tool to further examine changes in mechanisms underlying attitude formation in
children. On a practical level, they suggest that advertisements using emotional pictures can
influence children in uncontrollable ways and threaten their freedom of choice. On a
theoretical level, they provide the first evidence suggesting that some of the processes

involved in attitude acquisition through EC gradually automatize.
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Footnotes

1. The selected pictures had neither too violent nor sexual content and had been
pretested on a small sample of children who did not take part in the study.

2. In line with the recommendations of Lakens (2013), we reported 90% Cls around
the effect size for ANOVAs so that the Cls exclude zero when an effect is

significant at an alpha level of « = .05. We reported 95% Cls in other cases.

3. As instruction condition was manipulated between-participants, we could not
compute individual parameter estimates. We thus compared the parameter
estimates as a function of children school grades rather than as a function of their

age in days.
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Figures

Figure 1.

Mean CS evaluation as a function of US valence, time of measurement, instruction condition

and age group.
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Figure 2.

Parameter estimates as a function of age group.
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Note. The c-parameter reflects controllable valence transfer; u-parameter reflects
uncontrollable valence transfer; r-parameter reflects positive responses based on non-

systematic processes. Error bars represent 95% confidence intervals.
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Tables
Table 1.

Power Analyses for Hypothesis Tests
Significance of ¢ and u-parameter (test against zero)

Age group Parameter Cohen’sw Power (1 —p)
adults Cc 0.48 1
children c 0.14 1
adults u 0.15 1
children u 0.07 0.68
Parameter comparisons across age groups

adults vs. children Cc 0.25 1
adults vs. children u 0.1 0.95

Note. w = .1 is considered as a small effect, w = .3 as a medium effect and w = .5 as a large
effect (Cohen, 1988). The analyses were based on 1368 observations as there were 12
conditioned stimuli per participant.

Table 2.
Number of CS categorized as pleasant and unpleasant as a function of US valence,

instruction condition and age group.

Standard instructions Reversal instructions
Number of responses Number of responses
pleasant unpleasant % pleasant pleasant unpleasant % pleasant
Children  US+ 118 56 68 75 93 45
US- 67 107 39 94 74 56
Adults US+ 154 14 92 42 132 24
US- 20 148 12 126 48 72

Note. US+ = positive unconditioned stimulus, US- = negative unconditioned stimulus.
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