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A B S T R A C T   

Overshadowing and relative validity constitute two phenomena that inspired the development of the Rescorla- 
Wagner model in 1972. They demonstrate that cues will interact with one another for an association with the 
presence or absence of an outcome. Here, three experiments sought to explore whether these two effects 
extended to outcomes using a food allergist paradigm with human participants. In Experiment 1 (over-
shadowing) participants received trials in which a cue was followed by a compound of two outcomes (A-O1O2). 
Test trials revealed that participants learned less about the A-O2 association than they did between a control cue 
C, which had been paired with O2 in isolation (C-O2) in training – thus demonstrating an outcome over-
shadowing effect. In Experiment 2 (relative validity) participants received true discrimination trials, in which A 
was paired with an O1O3 compound and B was paired with an O2O3 compound, and pseudo discrimination 
trials, in which C and D were paired on 50% of the trials with an O4O6 compound and on the remaining trials 
with an O5O6 compound. Consequently, O3 is less well predicted by A and B relative to O1 and O2, whereas O6 
is equally well predicted by C and D relative to O4 and O5. Despite the relative validity of A and B for O3 being 
less than the relative validity of C and D for O6, the ratings of A and B for O3 were the same as C and D for O6. 
This failure to observe an outcome relative validity effect was reproduced in Experiment 3, which replicated 
Experiment 2, but with an adjustment made to the number of training trials given to participants. These results 
are discussed in terms of a real-time development of the Rescorla-Wagner model provided by Wagner (1981).   

1. Introduction 

In their influential theory, Rescorla and Wagner (1972) proposed 
that variations in the effectiveness of reinforcement and nonreinforce-
ment could be used to understand the circumstances under which 
Pavlovian conditioning occurs. They suggested that the strength of the 
association between a conditioned stimulus (CS, or cue) and a reinforcer 
(or outcome) is updated on each trial as a function of, what would now 
be called, reinforcement prediction error - the difference between the 
asymptote of learning supported by the reinforcer (or outcome) and the 
current associative strength of all cues present on that trial. The model 
was, and continues to be, extremely successful. It provided a simple 
explanation for existing cue-competition phenomena such as over-
shadowing (e.g., Pavlov, 1927), blocking (e.g., Kamin, 1968) and rela-
tive validity (e.g., Wagner, Logan, Haberlandt, & Price, 1968) and 
correctly predicted new phenomena such as inhibition from over- 

expectation (Kremer, 1978). The theory also regularly serves as the 
starting point for many other, more complex, theories of conditioning 
and associative learning (e.g., Esber & Haselgrove; 2011; Le Pelley, 
2004), and has greatly assisted our understanding of the role of dopa-
mine neurons in the primate midbrain (Waelti, Dickinson & Schultz, 
2001), as well as our understanding of learning in humans (Shanks, 
1995). Given the centrality of the role of reinforcement in the theory, the 
Rescorla-Wagner theory has, perhaps surprisingly, a relatively simple 
conception of reinforcement representation. Reinforcers (or outcomes) 
are either present on a trial (in which case their value is 1 in the algo-
rithm of the theory), or they are absent (in which case their value is 0), 
and their effectiveness for driving learning is modulated by the value of 
the prediction error. This contrasts with the way in which the theory 
represents CSs, or cues. Here, rather than stimuli being just present or 
absent, CSs are decomposed into individual elements, each of which 
may compete for an association with the outcome to generate effects 
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such as blocking, overshadowing and relative validity. The question we 
ask here is do the elements of an outcome behave similarly? Do they 
interact with each another to differentially associate with a preceding 
cue? 

1.1. Outcome blocking (and facilitation) 

First reported by Kamin (1968), blocking remains one of the most 
influential cue-competition phenomena within the study of conditioning 
and learning. In a typical blocking experiment, a cue is paired with an 
outcome in stage 1 (A+) before being accompanied by a novel cue in 
stage 2, whilst continuing to be paired with the same outcome (AB+). In 
a final test, responding to the novel cue B is found to be weaker than in a 
control group who, for example, had the stage 1 training with A omitted, 
or included stage 1 training with A being paired with an alternative 
outcome. Blocking has been demonstrated using a variety of different 
learning procedures. For example, blocking has been observed in rats 
using appetitive and aversive Pavlovian conditioning (e.g.: Jones & 
Haselgrove, 2013; Kamin, 1968), taste-preference and taste-aversion 
learning (e.g.: Dwyer, Haselgrove & Jones, 2011; Willner, 1978), and 
spatial learning (e.g., Pearce, Graham, Good, Jones, & McGregor, 2006; 
Rodrigo, Chamizo, McLaren, & Mackintosh, 1997). Furthermore, there 
is evidence of blocking in species as diverse as honeybees (e.g., Blaser, 
Couvillon, & Bitterman, 2006), goldfish (Tennant & Bitterman, 1975), 
and humans (Dickinson, Shanks, & Evenden, 1984; Le Pelley, Oakeshott 
& McLaren, 2005). 

Across all the studies just described, the locus of blocking has been 
between the elements of cues – element A of a cue blocks learning about 
element B. The question of whether blocking is observed between the 
elements of an outcome has been investigated much less frequently, 
however. That said, Rescorla (1980) did explore this question using a 
second-order autoshaping procedure with pigeons in which the pre-
sentation of visual cues was reinforced by the delivery of food. In an 
experimental group, a cue was paired on some trials with a single 
outcome (A – O1), while on other trials the same cue was paired with a 
compound of two outcomes (A – O1O2). For a control group, only the 
outcome compound trials (A – O1O2) were presented. The results from a 
test stage revealed that the control group, who had no exposure to A - 
O1, demonstrated greater learning about the association between A – O2 
than the experimental group. These results therefore indicate an 
‘outcome blocking’ effect - learning about the A-O1 association atten-
uated the formation of the A-O2 association. Miller and Matute (1998) 
have also provided a demonstration of “outcome blocking” in a series of 
sensory preconditioning experiments with rats. 

“Outcome blocking” has also been investigated in human partici-
pants, however, these studies have produced more heterogenous results. 
Cobos et al. (2002) reported the absence of an outcome interaction effect 
when examining the impact of causal structure (i.e., whether causes or 
effects are presented first) and cue structure (whether multiple cues are 
presented prior to a single event or whether a single cue is followed by 
multiple events) in a causal judgement task. Flach et al. (2006), how-
ever, reported outcome interaction effects when employing a response 
priming task (Elsner & Hommel, 2001). In response priming, partici-
pants are first asked to make two responses, each of which leads to a 
different visual stimulus (i.e., stage 1). Subsequently, participants are 
presented with the visual stimuli from stage 1 and asked to make a 
specified response as quickly as possible (i.e., a test stage). Response 
times during the test stage are typically faster when the stim-
ulus–response mappings are congruent with the mappings from the 
training stage relative to when they are incongruent. In their study, 
Flach et al. included a stage 2 where an auditory stimulus was presented 
alongside the visual stimulus, thus forming an outcome compound. At 
test participants provided longer response times to the auditory element 
of the outcome compound relative to a control group that did not receive 
stage 1 training. Thus, demonstrating an outcome blocking effect com-
parable to that reported in animals (e.g., Miller and Matute, 1998; 

Rescorla, 1980). Flach et al. also reported an additional experiment, 
where the auditory stimuli were presented in stage 1, prior to being 
paired in compound with visual stimuli in stage 2. At test, the opposite 
effect was observed, that is, an outcome facilitation effect occurred where 
pretraining with an element of an outcome compound produced quicker 
response times to the added visual stimulus at test. 

Experiments conducted in our laboratory (Quigley & Haselgrove, 
2020) have revealed a similar heterogeneity of results. In a series of 
three allergy-prediction experiments, we consistently observed, like 
Flach et al. (2006), an outcome facilitation effect. That is, learning in 
stage 1 about an element of an outcome (A–O1) enhanced learning 
about a novel outcome (O2) when these outcomes were presented as an 
outcome compound in stage 2 (A–O1O2). This effect was observed 
relative to a control stimulus that in stage 1 received B–O3 trials prior to 
B–O1O2 trials in stage 2. Interestingly, however, we were also able to 
observe an outcome blocking effect with a subtle procedural modifica-
tion in which participants were presented with an additional set of 
control trials (C-O1O2) during Stage 2 (that had not been presented in 
stage 1). That is, participants displayed more learning about the C-O2 
association than about the A-O2 association, thus displaying an outcome 
blocking effect (A < C) alongside an outcome facilitation effect (A > B). 

1.2. Outcome overshadowing and relative validity 

Two other cue-competition effects have been instrumental in shaping 
our understanding of conditioning and associative learning that, along 
with blocking, motivated the development of the Rescorla-Wagner 
model. These are overshadowing and relative validity. In over-
shadowing, a single cue (e.g., A) and a cue compound (e.g., BC) are both 
paired with an outcome during a single stage of training. Although both 
the single cue and the compound each reliably predict an outcome, the 
single cue will typically enter into a stronger association with an 
outcome than either one of the elements of the cue compound (unilateral 
overshadowing; see Mackintosh, 1976), or both elements of the cue 
compound (reciprocal overshadowing, see Sánchez-Moreno et al., 
1999). Overshadowing is a robust property of associative learning and 
has been demonstrated in rats in studies of conditioned suppression 
(Kamin, 1968; Mackintosh, 1971), flavor-aversion and flavor-preference 
learning (Dwyer, Haselgrove, & Jones, 2011; Revusky, 1971), appetitive 
conditioning (Holland, 1999) and spatial learning (Pearce, Graham, 
Good, Jones, & McGregor, 2006). It has also been demonstrated in a 
diverse range of species from goldfish (Tennant & Bitterman, 1975) to 
humans (Chamizo, Aznar-Casanova, & Artigas, 2003). 

In relative validity, training trials with just cue compounds are pre-
sented to subjects/participants. For some of the trials in this task, 
referred to as the true-discrimination (TD) trials, the compounds predict 
the presence (AX+) or absence (BX-) of an outcome, resulting in the 
common element (X) being paired with the outcome 50% of the time. 
For other trials, referred to as pseudo-discrimination (PD) trials, there is 
no distinctive compound, nor element, which reliably predicts the 
presence or absence of the outcome, that is, two cue compounds are 
paired with the outcome 50% of the time (CY-/+, DY-/+). What is 
typically observed when employing these tasks, is better learning about 
the association between the common element and the outcome 
following the pseudo-discrimination trials (Y) than the true- 
discrimination trials (X), despite the fact that X and Y are paired with 
the presence and absence of the outcome equally frequently. Relative 
validity was first reported by Wagner et al. (1968) using appetitive 
instrumental and aversive Pavlovian conditioning in rats, as well as 
conditioned eyelid closure in rabbits, but it has since been observed in 
autoshaping in pigeons (Pearce, Esber, George & Haselgrove, 2008) as 
well as in judgments of casualty in human participants (Van Hamme, 
Kao & Wasserman, 1993). 

In keeping with the “outcome blocking” literature, much less 
research has explored overshadowing or relative validity in outcomes. 
Arcediano et al. (2005) employed an outcome overshadowing procedure 
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using a food allergist paradigm similar to that reported by Quigley and 
Haselgrove (2020). Here, one food was paired with a single allergy, or a 
food was paired with a compound of allergies. At test, participants 
provided higher ratings to the food paired with a single outcome than 
the food paired with the outcome compound, thus demonstrating an 
outcome overshadowing effect. Evidence for the presence of relative 
validity between the elements of an outcome is equally scant, only one 
such study, by Matute et al. (1996), appears to have directly tested 
whether relative validity can appear when multiple outcomes are pre-
sented following a single cue. In this study a medical decision-making 
task was employed in which participants were presented with a medi-
cine and tasked with identifying the extent to which it caused three 
fictitious syndromes (O1, O2 and O3) presented in compounds of two. In 
a PD condition the medicine (A) was presented 50% of the time prior to 
each of two outcome compounds (O1 O3 and O2 O3). In a TD condition 
consumption of the medicine would reliably predict one outcome 
compound (O1 O3) but not the other outcome compound (O2 O3). At 
test, participants’ ratings of the strength of the association between the 
medicine (A) and the common outcome (O3) were comparable in the PD 
and TD condition. That is, the absence of relative validity was observed 
among the elements of outcomes, although this appeared to be influ-
enced by the nature of the test question. In this study, however, stimuli 
(i.e., cues and outcomes) were presented simultaneously in a list like 
manner, thus it is possible that participants treated the task as a diag-
nostic task and therefore treated the outcomes as cues. 

Taken together the results of the above studies suggest that while 
interaction effects are not unique to cues, there is heterogeneity in the 
literature regarding their presence in outcomes. Furthermore, there is a 
particular scarcity of studies that have examined outcome over-
shadowing and outcome relative validity. Consequently, we sought to 
assess whether outcome interaction effects can be obtained using both 
outcome relative validity and outcome overshadowing procedures, 
employing a relatively standard allergy prediction task that has been 
employed elsewhere (e.g.: Le Pelley & McLaren, 2003; Lochmann & 
Wills, 2003), and which we have previously used to investigate outcome 
blocking/facilitation (Quigley & Haselgrove, 2020). If outcome over-
shadowing can be observed in a comparable manner to cues, it is 
anticipated that better learning would be displayed toward an outcome 
element, as opposed to the outcome element that has been presented in 
compound with an additional element. If outcome relative validity can 
be observed among outcomes in a manner comparable to cues, it is 
anticipated that the common outcome-element on the pseudo- 
discrimination trials would be learned about better than the common 
outcome-element on the true-discrimination trials. 

2. Experiment 1 

Experiment 1 employed a variant of the food-allergist task reported 
by Quigley and Haselgrove (2020) in which participants were asked to 
imagine themselves as a food allergist tasked with identifying which 
foods caused certain allergic reactions. In the study by Quigley and 
Haselgrove, this task was used to study blocking and facilitation be-
tween the elements of an outcome, in the current experiment, however, 
we use it to examine outcome overshadowing. Participants were pre-
sented with trials that comprised cues which reliably predicted a single 
outcome element, along with trials in which cues predicted a compound 
outcome. In keeping with the experiments reported by Quigley and 
Haselgrove both causal judgement and diagnostic judgement tasks were 
employed in different groups. As such, participants were either informed 
about the foods which a fictitious patient (‘Mr. X’) had consumed and 
then presented with information about the reaction the patient experi-
enced (the causal task), or they were presented with the reaction a pa-
tient experienced and then informed about the foods the patient had 
eaten (the diagnostic task). 

The design of Experiment 1 can be seen in Table 1. As both causal and 
diagnostic versions of the task were used, the stimuli which served as 

cues (i.e., A-D), were represented by foods in the causal version of the 
task, and reactions in the diagnostic version of the task. Correspond-
ingly, then, the stimuli which served as outcomes (i.e., O1-O4) were 
reactions in the causal task and foods in the diagnostic task. In stage 1, 
four cues (A – D) were presented alongside four outcomes (O1 – O4), as 
outlined in Table 1 and participants were tasked with learning the re-
lationships between these stimuli. Two of the cues reliably predicted 
outcome compounds, respectively A – O1O2 and B – O3O4, while two 
cues predicted outcome elements, C – O2 and D – O4. Trials with A and B 
represented the outcome overshadowing trials as outcome compounds 
were presented on these trials, while trials with C and D served as 
control trials as single outcomes were presented on these trials. During a 
subsequent test stage, participants were presented with a screen which 
required them to provide ratings concerning how predictive the cues (A - 
D) were of each of the outcomes. If an outcome overshadowing effect is 
present, then participants’ ratings of the A – O2 and B – O4 relationships 
would be lower than their ratings of the C – O2 and D – O4 relationships. 

2.1. Method 

2.1.1. Participants 
Thirty-two participants (21 females; 11 males) were recruited from 

the University of Nottingham’s School of Psychology, with an equal 
number of participants in Group Causal (n = 16) and Group Diagnostic 
(n = 16). Participants ranged from 18 to 28 years of age (M = 20.84; 
SEM = 0.56) and had normal or corrected-to-normal vision. Participants 
received course credit for their participation or a £3 inconvenience 
allowance. The study received institutional ethical approval from the 
University of Nottingham’s Psychology ethics committee. 

2.1.2. Apparatus and stimuli 
All stimuli were presented (and responses recorded) in the experi-

mental software package PsychoPy2, v1.83.01 (see Peirce, 2007; Peirce, 
2008), running on Windows 7 on a standard desktop computer (screen 
size: 27 cm × 46 cm; h × w). There were four pictures of foods: broccoli, 
cabbage, onion and potato. The reactions Mr. X experienced were 
diarrhoea, fever, skin rash and vomiting presented as text. Each of the 
foods and reactions were assigned to the letters and outcomes in Table 1 
using a Latin-Squared counterbalancing technique. For the causal 
judgment version of the task, participants were presented with a food 
picture in the centre of the screen (9 mm high and 8 mm wide) against a 
grey background (see Fig. 1 top panel) and the reactions were presented 
beneath a white scale (length: 35 cm) in capitalised white Arial text 
(size: 32). As such, there were four options beneath the scale which 
participants could select from (e.g.: O2; O1 and O2; O4; O3 and O4). For 
the diagnostic version of the task participants were presented with the 
reaction in the centre of the screen and foods were presented beneath the 
white scale. Participants could select their choice by positioning a cursor 
on the scale above the outcome they wished to select. Participants could 
only select four points on the scale. The order of the outcomes beneath 
the scale was counterbalanced between participants. 

At test each of the cues were presented individually (positioned on 
the left of the screen) and participants were asked to rate how predictive 
each cue was of each of the outcomes. Each outcome was positioned, 

Table 1 
Design of Experiment 1.   

Training Test 

Overshadowing A – O1 O2 A: O1 – O4 
B – O3 O4 B: O1 – O4 

Control C – O2 C: O1 – O4 
D – O4 D: O1 – O4 

Note. A – D refers to cues, O1 – O4 refer to outcomes. A and B trials represent the 
overshadowing trials, while C and D trials represent the control trials.  
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Fig. 1. Examples of each screen presented during Stage 1 (top), the response they received (middle) and during the test stage (bottom) for the causal version of 
the task. 
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alongside the cue, on the right of the screen (see Fig. 1). Participants 
made their ratings for each cue by moving a cursor on a Likert scale 
which ranged from 0 to 100 [‘0′ = ‘Very unpredictive”, ‘100′ = Very 
predictive”]. 

2.1.3. Procedure 
Instructions. 
All participants were tested in-person, individually in a small testing 

room. Following presentation of ethical and informed-consent infor-
mation, participants were presented with the following text: 

“In this experiment we would like you to imagine that you are an allergist 
(i.e., someone who investigates reactions to foods). You have just been 
presented with a new patient “Mr. X”, who suffers from different types of 
reactions as a result of eating certain foods. In an attempt to discover the 
relationship between the reactions Mr. X experiences and the different 
types of foods he has eaten, you observe the type of FOODS / RE-
ACTIONS2 he has EATEN / EXPERIENCED and try and workout which 
REACTIONS / FOODS he had EXPERIENCED / EATEN 
On the following screens, you will be shown the FOODS / REACTIONS 
Mr. X has EATEN / EXPERIENCED, and you will be asked to predict 
which REACTIONS / FOODS he had EXPERIENCED / EATEN. Each 
REACTION / FOOD will be presented at the bottom of the screen. Make 
your prediction by selecting one of the REACTIONS / FOODS at the 
bottom of the screen. You will then be provided with feedback about what 
REACTION / FOOD Mr. X had EXPERINECED / EATEN. You will have 
to guess at first, but with the aid of the feedback your predictions should 
soon start to become more accurate.” 

Training Stage. 
Participants were exposed to 32 trials in total. Participants received 8 

pairings of each cue – outcome pairing (A – O1O2, B – O3O4, C – O2 and 
D – O4). There were two blocks of trials with 4 presentations of each trial 
type in each block. Trial order was randomised within each block and 
there was no break between blocks. Participants in Group Causal were 
presented with the following text at the top of the screen: “Mr. X has 
eaten the following food, what did he experience?”. To move onto the 
next trial participants made a response by selecting a reaction/s (in word 
form) beneath the white scale. Participants in Group Diagnostic were 
presented with the following text at the top of the screen: “Mr. X has 
experienced the following reaction, what did he eat?”. To move onto the 
next trial participants made a response by selecting an image of a food 
beneath the white scale. Once participants had made a response, they 
were presented with feedback (Fig. 1, Centre Panel). Participants could 
take as much time as they needed when selecting the outcome. The 
feedback screen was presented for 1.5 s, before the next trial commenced 
automatically. Once participants had made their choice and received 
feedback on all trials, they moved onto the Test Stage. 

2.2. Test stage 

Prior to the test stage, participants were presented with the following 
text: “You will now be asked to rate how predictive each food/reaction 
was of each of the reactions/foods. Please press the SPACE BAR to 
continue”. Each of the foods/reactions were then presented at test, one 
per screen (see Fig. 1, Lower panel.). On each screen participants were 
presented with the text: “Please rate how predictive this food/reaction 
was of each of the reactions/foods [0 = very unpredictive; 100 = very 
predictive]. Make your rating and then press the spacebar to proceed”. 
Participants were then required to make a rating for each of the out-
comes using the Likert scales positioned to the right of the reactions. No 
time limit was imposed for responding during the test stage. Once they 

had rated each cue’s ability to predict each outcome, they were 
informed that the experiment was complete. 

2.3. Results 

2.3.1. Training data 
The top and bottom panels of Fig. 2 show the mean proportion of 

correct responses for the cues (A-D) across the Training Stage of 
Experiment 1 for Groups Causal and Diagnostic respectively. These data 
have been collapsed into 2 blocks each containing 4 trials of each cue- 
outcome pairing (A - O1O2, B - O3O4, C - O2, D - O4) to be consistent 
with the training stages of the relative validity tasks described in Ex-
periments 2 and 3. As can be seen, participants in both groups quickly 
learnt the relationships between the cues and the outcome compounds 
(i.e., A – O1O2 / B – O3O4) and the cues and the outcome elements (i.e., 
C – O2 / D – O4), demonstrating a high proportion of correct responses 
after Block 1 and reaching near asymptote on the second block. 

Fig. 2. Mean proportion of correct responses for A - O1O2/ B - O3O4 and C - 
O2 /D - O4 for Group Causal (Top panel) and Group Diagnostic (Bottom panel). 
Error bars represent 1 +/-SEM. 

2 The text either read FOOD or REACTION or EATEN or EXPERIENCED. The first 
option prior to the forward slash (/) refers to the causal version of the task, while the 
second options refers to the diagnostic version of the task. 
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Participants appeared to learn the associations quicker in Group Diag-
nostic than Group Causal. 

A three-way mixed ANOVA was performed on these data with a 
between-subject factor of Group (Causal vs Diagnostic), and within- 
subject factors of Stimuli (A/B vs C/D) and Block (1 – 2). The ANOVA 
revealed a main effect of Block, F (1, 30) = 89.17, MSE = 0.01, p <.001, 
ηp

2 = 0.75, a main effect of Group, F (1, 30) = 7.58, MSE = 0.02, p <.05, 
ηp

2 = 0.20, and significant interactions between Block and Group, F (1, 
30) = 4.55, MSE = 0.01, p <.05, ηp

2 = 0.13, and Group and Stimuli, F (1, 
30) = 10.22, MSE = 0.00, p <.01, ηp

2 = 0.25. All other interactions were 
non-significant, largest F (1, 30) = 1.37, MSE = 0.00, p =.25, ηp

2 = 0.04. 
To explore the source of the interactions simple main effects were con-
ducted. These analyses revealed that participants in Group Diagnostic 
had a higher mean proportion of correct responses after one block of 
training than those in Group Causal, F (1, 30) = 6.84, MSE = 0.01, p 
<.05, ηp

2 = 0.19. Furthermore, participants in Group Causal learned 
more about the relationship between the cues and the outcome ele-
ments, than the cues and the outcome compounds, F (1, 30) = 9.64, MSE 
= 0.00, p <.05, ηp

2 = 0.39. 

2.3.2. Test data 
Fig. 3 shows participants’ outcome specific ratings at test. These 

ratings assess whether participants’ ratings were higher or lower for the 
specific outcomes of interest (in this case, O2 and O4). To provide an 
outcome specific measure of participants’ ratings for cues A – D and O2 
and O4 a difference score was calculated. Here, the rating for the 
outcome which a cue had never been paired with – but was otherwise 
treated in an identical manner – was subtracted from the rating for the 

outcome the cue had been paired with. For example, participants’ rat-
ings for A – O4 (which A had never been paired with, yet B had) were 
subtracted from their ratings for A – O2 (which A had been paired with). 
For the control stimulus C, participants’ ratings for C – O4 were sub-
tracted from their ratings for C – O2. As can be seen in Fig. 3, partici-
pants’ ratings for A/B – O2/O4 were lower than their ratings for C/D – 
O2/O4. Participants in Group Diagnostic also provided slightly higher 
scores for both sets of stimuli compared to Group Causal. 

A 2 × 2 mixed model ANOVA of mean ratings with a between- 
subjects factor of Group (Causal vs Diagnostic) and a within-subjects 
factor of Outcome (A/B – O2/O4 vs C/D – O2/O4) revealed a signifi-
cant main effect of the factor Outcome, F (1, 30) = 18.54, MSE = 619.77, 
p <.001, ηp

2 = 0.38. However, the main effect of Group was non- 
significant, F (1, 30) = 1.99, MSE = 1825.72, p =.17, ηp

2 = 0.06. The 
interaction between these factors was also non-significant, F (1, 30) =
0.00, MSE = 619.77, p =.99, ηp

2 = 0.00. These results reveal that par-
ticipants provided lower ratings to A/B – O2/O4 than C/D – O2/O4 
regardless of task type, therefore demonstrating an outcome over-
shadowing effect. 

2.3.3. Reciprocal vs unilateral overshadowing 
In previous studies which have reported outcome overshadowing 

(Arcediano, Matute, Escobar & Miller, 2005) the nature of the outcome 
overshadowing effect was not discussed. That is to say, whether over-
shadowing occurred due to both elements of the compound being rated 
comparably low (i.e., reciprocal overshadowing) or due to only one 
element of the outcome compound being rated lower than the outcome 
element (i.e., unilateral overshadowing) was not considered. Yet the 

Fig. 3. Mean difference ratings for A/B – O2 / O4 and C/D – O2 / O4 during the test stage of Experiment 1 for groups causal and diagnostic. Error bars represent 1+/ 
1 SEM. 
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nature of the overshadowing effect in cues has been a key test of pre-
dictions derived from theoretical models to account for this effect. For 
instance, according to the Rescorla and Wagner model (1972) over-
shadowing arises due to both stimulus elements receiving a comparable 
share of the limited associative strength that is supported by the US, thus 
overshadowing should be reciprocal in nature. Yet, according to the 
Mackintosh model (1975), the overshadowing effect reported in cues 
arises due to the extent to which a component of a compound assumes 
the role of being the best predictor of the outcome, which is determined 
by the salience or associability of the relevant stimuli. According to 
Mackintosh, the stimulus with the lower salience will be learned about 
less than the stimulus with the higher stimulus. However, the stimulus 
with the higher salience will be learned about to the same extent as the 
cue presented on its own (Mackintosh, 1976). This effect is referred to as 
unilateral overshadowing. 

To determine the unilateral or reciprocal nature of the outcome 
overshadowing effect, further analysis was conducted on the ratings 
participants provided to cues A/B and the outcome elements of the 
outcome compounds O1O2 and O3O4. An analysis was performed on 
the test data collapsed across the variable of group (given the absence of 
a group effect) where the overshadowing outcome was defined, on a 
participant-by-participant basis, as the outcome element of the com-
pound (i.e., O1O2 and O3O4) which received the highest rating, 
regardless of whether the outcome was also presented on its own on a 
control trial, whilst the overshadowed outcome was defined as the lower 
rated element of the compound. Bonferroni corrected t-tests (adjusted p 
=.017) revealed that the overshadowing outcome received a higher 
rating (M = 72.16, SD = 34.37) than the overshadowed outcome (M =
49.61, SD = 43.26; which would be expected as the highest rated 
outcome was always selected as the overshadowing outcome), t (31) =
4.14, p = < 0.001. More interestingly, however, both elements of the 
outcome compound were rated lower than the control outcome (M =
83.00, SD = 29.79), smallest t (31) = 2.58, p = < 0.017. These results 
therefore demonstrate a reciprocal overshadowing effect. 

2.3.4. Discussion 
Experiment 1 demonstrated that when employing an outcome 

overshadowing procedure, participants rated the outcomes which were 
presented on the overshadowing trials lower than the outcome elements 
which appeared on the control trials. These results provide evidence of 
an overshadowing effect which operates in a similar manner in both cues 
and outcomes. Further analysis concerning the nature of the outcome 
overshadowing effect also revealed that ratings for both elements of the 
outcome compound were lower than the outcome element presented on 
its own, thus demonstrating a reciprocal overshadowing effect. Addi-
tionally, the type of task participants completed appeared to have a mild 
influence upon their learning about these tasks in the training stage (as 
Group Diagnostic displayed better learning than Group causal during 
training) but not at test. Group Causal also learned about the outcome 
elements better across the course of training than the outcome com-
pounds. One account of this effect is to simply suggest that the pro-
cessing demands of learning about the additional outcome present in the 
outcome compound results in poorer learning. However, this would not 
account for why this effect was not present in the diagnostic task. 
Instead, the effect, in conjunction with the fact that participants dis-
played better overall learning in the training stage of the diagnostic task, 
would appear to support the idea that participants are able to better 
learn about multiple causes when the effects are presented first (in a 
diagnostic task), as is suggested by causal model theory (Waldmann & 
Holyoak, 1992). According to causal model theory when participants are 
first presented with the effect of a cause – as is the case in a diagnostic 
task – participants are more likely to consider that there are multiple 
possible causes as opposed to when completing a causal judgment task. 

3. Experiment 2 

Experiment 1 demonstrated that participants were more successful in 
learning the relationship between a cue and an outcome when the 
outcome comprised a single element rather than two elements. That is to 
say, we observed an outcome overshadowing effect. These results are 
consistent with the findings of Arcediano et al. (2005) and provide 
further evidence of an interaction effect amongst the elements of an 
outcome. Given the presence of outcome interaction effects in both 
blocking and overshadowing designs, these results could be taken as 
evidence to suggest that comparable effects may be observed under 
other circumstances – such as in tasks that translate the relative validity 
of the elements of cues (Wagner et al, 1968) to the relative validity of the 
elements of an outcome. As noted in the introduction, however, few 
previous studies have explored whether a relative validity effect can be 
observed amongst outcomes. Consequently, Experiment 2 sought to 
explore whether an outcome interaction effect can be observed when 
employing an outcome relative validity procedure with the same food 
allergist task as used in Experiment 1 and in Quigley and Haselgrove 
(2020). In keeping with these previous studies, the effect of the direction 
of causality was also explored with both causal judgement and diag-
nostic judgement tasks being employed. The design of Experiment 2 can 
be seen in Table 2. 

During the training stage, four cues (A – D) were presented which 
were paired with four different outcome compounds (O1O3, O2O3, 
O4O6 and O5O6). Two of these cues, A and B, reliably predicted 
outcome compounds, O1O3 and O2O3 respectively. These stimuli rep-
resented the true-discrimination trials as one element of each outcome 
compound was only ever predicted by A (i.e., O1) or B (i.e., O2), while 
the other element of the compound (i.e., O3) was predicted by both. The 
remaining two cues, C and D, were presented as often as A and B, 
however, cues C and D were each paired with outcome compounds 
O4O6 and O5O6, half the time they were presented. Two features of this 
experimental design are worthy of note. First, A and B are paired with 
O3 as frequently as C and D are paired with O6. Second, and more 
importantly, O3 is less well predicted by A and B relative to O1 and O2. 
In contrast, O6 is equally well predicted by C and D relative to O4 and 
O5. Thus, the relative validity of cues A and B for O3 is less than the 
relative validity of cues C and D for O6. 

In keeping with Experiment 1, participants were tasked with learning 
these relationships between the cues and outcomes across the course of 
the training stage of Experiment 2. At test, they were then presented 
with each of the cues (individually) and asked to make their ratings for 
each of the outcomes (O1 – O6). If a comparable outcome-interaction 
effect to that observed in the relative validity of cues is observed, then 
the common outcome which occurs on the pseudo-discrimination trials 
(O6) would receive a higher rating during cues C and D than the com-
mon outcome on the true-discrimination trials (O3) during cues A and B. 

Table 2 
Design of Experiment 2.   

Training No. of trials Test 

True Discrimination A – O1O3 24  
B – O2O3 24 A: O1 - O6 

Pseudo Discrimination C – O4O6 12 B: O1 - O6 
C – O5O6 12 C: O1 - O6  
D – O4O6 12 D: O1 - O6 
D – O5O6 12  

Note. A – D refer to cues, O1 – O6 refer to outcomes. A and B represent the true- 
discrimination trials, while C and D trials represent the pseudo-discrimination 
trials.  
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3.1. Method 

3.1.1. Participants 
Forty-eight participants (37 females; 11 males) were recruited from 

the University of Nottingham’s School of Psychology. Participants 
ranged from 18 to 36 years of age (M = 21.94; SEM = 0.60). Participants 
received course credit for their participation or a cash payment of £3. 
Participants were randomly allocated (on the condition that there were 

Fig. 4. Example of a training trial (top), feedback screen (middle) and a test screen (bottom) presented to Group causal in Experiment 2.  
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an equal number of participants in each group) to either complete either 
the Group causal (n = 24) or Group diagnostic (n = 24). 

3.1.2. Apparatus and stimuli 
Each of the foods and reactions were assigned to the letters and 

outcomes in Table 2 using a Latin-Squared counterbalancing technique. 
The six food stimuli used were: broccoli, cabbage, mushroom, pepper, 
potato, tomato. The six reactions included were: diarrhoea, fever, 
headache, nausea, skin rash and vomiting. Both the causal and diag-
nostic versions of the tasks were identical to that employed in Experi-
ment 1, with the only change being that the outcomes were always 
presented in compound form. At test each of the cues (either foods or 
reactions dependent on the version of the task) were presented indi-
vidually on the left of the screen, on the right each of the outcomes were 
presented (see Fig. 4). Next to each outcome a Likert scale was dis-
played, given that there were six outcomes presented, six scales were 
presented on the right of the screen. The order of these test rating 
screens was counterbalanced. 

3.1.3. Procedure 
Both groups experienced 96 trials in total with each trial type being 

presented 24 times across the training stage (see Table 2). There were six 
blocks of trials with 4 presentations of each trial type (A - O1O3, B - 
O2O3, C - O4O6/O5O6, D - O4O6/O5O6) in each block. Trial order was 
randomised. Once the training stage was completed, participants pro-
ceeded to a test stage. Aside from the number of trials the procedure for 
the training stage was the same as Experiment 1, except that in this 
experiment there were two additional outcomes employed to form the 
four outcome compounds. The Test stage was also identical to Experi-
ment 1, except that on each rating screen participants were presented 
with six outcomes to rate as opposed to four. 

3.2. Results 

3.2.1. Training stage 
Fig. 5 show the mean proportion of correct responses for the different 

cue-outcome pairings (i.e., stimuli) for Group Causal (top panel) and 
Group Diagnostic (bottom panel). The data have been collapsed into 6 
blocks each containing 4 trials of each cue-outcome pairing (A - O1O3, B 
- O2O3, C - O4O6/O5O6, D - O4O6/O5O6). Mean proportion correct is 
averaged across A - O1O3 and B - O2O3 trials and averaged across C - 
O4O6, C - O5O6, D - O4O6 and D - O5O6 trials for each block of trials 
during Stage 1. As can be seen, regardless of the task completed (e.g., 
causal/diagnostic) participants displayed the same pattern of results, 
rapidly learning the relationships between the cue-outcome associations 
for the true-discrimination trials (i.e., stimuli A/B), reaching a perfor-
mance asymptote by the end of training, yet remaining below 0.5 on the 
pseudo-discrimination trials (i.e., stimuli C/D). A three-way mixed 
model ANOVA was performed with a between-subject factors of task 
type (Causal vs Diagnostic), and within-subject factors of stimuli (A/B vs 
C/D) and block (1 – 6). The ANOVA revealed a main effect of block, F (5, 
194.58) = 18.01, MSE = 0.03, p <.001, ηp

2 = 0.28, a main effect of 
stimuli, F (1, 46) = 1245.39, MSE = 0.03, p <.001, ηp

2 = 0.96, and a 
significant interaction between these two factors, F (4.29, 197.20) =
6.75, p <.001, ηp

2 = 0.13. There was no effect of task type, F (1, 46) =
0.05, MSE = 0.07, p =.83, ηp

2 = 0.00, and all other interactions were non- 
significant, largest F (1, 46) = 0.70, MSE = 0.028, p =.41, ηp

2 = 0.02. To 
further explore the source of the interaction between block (1–6) and 
stimuli (A/B vs C/D) simple main effects were performed. There was an 
effect of stimuli on all blocks, smallest F (1, 46) = 131.75, MSE = 0.02, p 
<. 001, ηp

2 = 0.73. 

3.2.2. Test stage 
One participant in Group Diagnostic failed to provide ratings for all 

the required outcomes and is therefore not included in the subsequent 
analyses. Fig. 6 shows participants’ mean outcome-specific ratings 

during the final test stage. These ratings were difference scores calcu-
lated for the relationships between cues A to D and outcomes O1 - O6. 
The key data of interest relate to O3 and O6, however, for the sake of 
completeness we also present ratings for O1, O2, O4 and O5. Difference 
scores were calculated by subtracting the rating for the outcome that a 
cue was not paired with from the rating for the outcome that the cue was 
paired with. For example, for stimuli A and B, participants’ ratings for 
these cues and the outcome element that was presented on the pseudo- 
discrimination trials (O6) was subtracted from their ratings for these 
cues and the outcome that was presented on the true-discrimination 
trials (O3). For stimuli C and D, participants’ ratings for these cues 
and the outcome element that was presented on the true-discrimination 
trials (O3) was subtracted from their ratings for these cues and the 
outcome that was presented on the pseudo-discrimination trials (O6). 
The same was done for O1, O2, O4 and O5. A 2 × 4 mixed model ANOVA 
with a between-subjects factor of Group (Causal vs Diagnostic) and a 
within-subjects factor of cue-outcome pairing (A/B - O1/O2, A/B - O3, 
C/D - O4/O5, C/D - O6), revealed no effect of Group, F (1, 45) = 1.07, 
MSE = 3512.47, p =.31, ηp

2 = 0.02 and no interaction between group and 
cue-outcome pairing, F (3, 135) = 0.07, MSE = 642.27, p =.97, ηp

2 =

0.00. However, there was an effect of outcome, F (3, 135) = 4.40, MSE 
= 642.273, p <.01, ηp

2 = 0.09, Crucially, Bonferroni corrected post-tests 
revealed that ratings for A/B-O3 and C/D-O6 did not differ t = 0.13, p 

Fig. 5. Mean proportion of correct responses for A - O1O3/ B - O2O3 and C - 
O4O6/O5O6 and D - O4O6/O5O6 for Group Causal (Top panel) and Group 
Diagnostic (Bottom Panel) during the training stage of Experiment 2. Error bars 
represent SEM. 
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=.92, thus demonstrating no evidence of an outcome relative validity 
effect. However, ratings for C/D-O4/O5 were lower than A/B-O1/O2 (t 
= 3.36, p = < 0.01) and C/D-O6 (t = 2.71, p = < 0.05), this is unsur-
prising given that A/B consistently predicted O1/O2 and C/D consis-
tently predicted O6, yet C/D inconsistently predicted O4/O5. All other 
comparisons were non-significant (smallest p =.07). 

3.2.3. Discussion 
In Experiment 2 participants completed an outcome relative-validity 

procedure in which on true-discrimination trials, one element of an 
outcome compound, O3, was less well predicted by cues A and B relative 
to elements O1 and O2. In contrast, on pseudo-discrimination trials, one 
element of an outcome compound, O6, was equally well predicted by 
cues C and D relative to O4 and O5. As noted in the introduction to this 
experiment, this establishes the relative validity of cues A and B for O3 
to be less than the relative validity of cues C and D for O6. Despite this 
difference in relative validity, participants ratings of the relationship 
between cues A/B and O3 were comparable to the ratings of the rela-
tionship between C/D and O6. These results demonstrate the absence of 
an outcome interaction effect in an outcome relative-validity paradigm. 

These results are surprising given the findings from Experiment 1, which 
revealed an overshadowing effect between the elements of an outcome. 
They are also surprising given the experiments reported by Quigley and 
Haselgrove (2020) which employed the same task as in the current 
studies, and which provided evidence for blocking and facilitation be-
tween the elements of an outcome. Furthermore, it is clear from Fig. 6 
that the association between A/B and O1/O2 was greater than the as-
sociation between C/D and O4/O5, and yet this differential stimulus 
control over the unique features of the outcome compound did not in-
fluence learning about the common feature of the outcome compound. 
Given the relative paucity of studies that have examined relative validity 
between the elements of an outcome, we therefore sought to examine 
this matter further. 

4. Experiment 3 

The results of Experiment 2 are inconsistent with the findings re-
ported in the previous outcome-interaction experiments that have been 
conducted in our laboratory. All of these experiments have observed an 
interaction effect of one kind (facilitation: Quigley and Haselgrove, 
2020, Experiments 1 to 3) or another (competition: Quigley & Hasel-
grove Experiment 2; Current Experiment 1). Models of associative 
learning, such as that proposed by Rescorla and Wagner (1972) explain 
cue interaction effects, such as blocking, overshadowing and relative 
validity, as different manifestations of a common underlying mecha-
nism. Therefore, if we accept that interaction effects in outcomes have a 
degree of symmetry with interaction effects in cues (Gunther, Miller & 
Matute, 1997) then the presence of outcome interaction effects with 
blocking and overshadowing procedures suggests that we should also 
observe an interaction effect with an outcome relative validity proced-
ure. However, this was not the case in Experiment 2. It is possible, 
however, that an additional factor may have influenced the results of 
Experiment 2. It could be, for instance, that the duration of the training 
which participants completed prior to the Test Stage influenced the re-
sults. Given the complexity of the task (relative to Experiment 1), the 
duration of training in Experiment 2 was extended from 32 trials to 96 
trials (with each cue-outcome pairing being presented 24 times across 
the course of the experiment as opposed to 8 times), which is three times 
the length of Experiment 1, and also three times the length of the 
blocking stages of the experiments reported in Quigley and Haselgrove 
(2020). One motivation for having relatively shorter training stages in 
these previous experiments was to avoid any interaction effects being 
obscured by participants reaching a performance asymptote. 

Experiment 3, therefore, sought to assess whether the extended 
amount of training in Experiment 2 precluded the observation of an 
outcome relative validity effect by reducing the amount of training 
participants received prior to the test. The experimental design was 
identical to that of Experiment 2 (see Table 3) with only the amount of 
training changing. If the duration of training in Experiment 2 was 
responsible for the comparable cue-outcome ratings provided at test, 
then the reduction in training may reveal differences in learning about 
cues A and B relative to cues C and D. 

Fig. 6. Mean difference ratings for A/B – O3 and C/D - O6 (top panel) and A/B 
- O1/O2 and C/D - O4/O5 (bottom panel) for Group Causal and Group Diag-
nostic during the test stage of Experiment 2. Error bars represent SEM. 

Table 3 
Design of Experiment 3.   

Training No. of trials Test 

True Discrimination A – O1O3 8  
B – O2O3 8 A: O1 - O6 

Pseudo Discrimination C – O4O6 4 B: O1 - O6 
C – O5O6 4 C: O1 - O6  
D – O4O6 4 D: O1 - O6 
D – O5O6 4  

Note. A – D refer to cues, O1 – O6 refer to outcomes. A and B represent the true- 
discrimination trials, while C and D trials represent the pseudo-discrimination 
trials.  
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4.1. Method 

4.1.1. Participants 
Forty-eight participants (40 females; 8 males) were recruited from 

the University of Nottingham’s School of Psychology. Participants 
ranged from 18 to 22 years of age (M = 19.00; SEM = 0.11). All other 
details were the same as Experiment 2, with an equal number of par-
ticipants in both Group Causal (n = 24) and Group Diagnostic (n = 24). 

4.1.2. Apparatus, stimuli and procedure 
The apparatus and stimuli used were the same as Experiment 2. The 

procedure was also the same as Experiment 2, with the only difference 
being that participants were presented with 32 trials during training (see 
Table 3) as opposed to the 96 trials included in Experiment 2 with each 
trial type being presented 8 times. There were two blocks of trials with 4 
presentations of each trial type in each block. Trial order was rando-
mised within each block and there was no break between blocks. 

4.2. Results 

4.2.1. Training stage 
Fig. 7 shows the mean proportion of correct responses for cues A to D 

across training. In keeping with Experiment 1 and 2 the data have been 
collapsed into 2 blocks each containing 4 trials of each cue-outcome 
pairing (A - O1O3, B - O2O3, C - O4O6/O5O6, D - O4O6/O5O6). As 
in Experiment 2, participants quickly learnt the relationships between 
the cues and outcomes on the true-discrimination trials (i.e., stimuli A/ 
B) but not the pseudo-discrimination trials (i.e., stimuli C/D), with 
participants’ mean proportion of correct responses remaining below 0.5 
during the pseudo-discrimination trials. The task type (causal vs diag-
nostic) participants completed also seemed to have little impact on their 
performance, which is consistent with Experiment 2. 

A three-way mixed model ANOVA was conducted on the training 
data with a between-subject factor of Group (Causal vs Diagnostic), and 
within-subject factors of Stimuli (A/B vs C/D) and Block (1–2). The 
ANOVA revealed a main effect of Stimuli, F (1, 46) = 282.52, MSE =
0.03, p <.001, ηp

2 = 0.86, a main effect of Block, F (1, 46) = 24.34, MSE 
= 0.02, p <.001, ηp

2 = 0.35, and a significant interaction between these 
two factors, F (1, 46) = 20.31, p <.001, ηp

2 = 0.31. There was no effect of 
task type, F (1, 46) = 0.02, MSE = 0.04, p =.89, ηp

2 = 0.00, and all other 
interactions were non-significant, largest F (1, 46) = 0.25, MSE = 0.02, 
p =.62, ηp

2 = 0.01. Simple main effects revealed there was an effect of 
stimuli on both blocks with participants producing a higher mean pro-
portion of correct responses on the A/B trials, smallest F (1, 46) =
125.58, MSE = 0.02, p <.001, ηp

2 = 0.73. 

4.2.2. Test stage 
Fig. 8 shows participants’ outcome specific ratings during the final 

test for cues A to D and outcomes O1 - O6. As can be seen ratings were 
higher overall in Group Diagnostic relative to Group Causal. However, 
ratings for the A/B-O3 relationship were comparable to the C/D-O6 
relationship, again suggesting the absence of an outcome relative val-
idity effect. A 2 × 4 mixed model ANOVA with a between-subjects factor 
of Group (Causal vs Diagnostic) and a within-subjects factor of cue- 
outcome pairing (A/B - O1/O2, A/B - O3, C/D - O4/O5, C/D - O6) 
confirmed these impressions. There was a small effect of group F (1, 46) 
= 4.11, MSE = 3786.22, p =.05, ηp

2 = 0.08, with Group Diagnostic 
providing higher scores than Group Causal. Crucially, however, there 
was no effect of outcome, F (3, 138) = 2.05, MSE = 863.26, p =.11, ηp

2 =

0.04 and no interaction between group and outcome, F (3, 138) = 1.24, 
MSE = 863.26, p =.30, ηp

2 = 0.03. As such, there was no evidence of an 
outcome relative validity effect. 

4.2.3. Discussion 
Experiment 3 reproduced the absence of an outcome relative-validity 

effect that we observed in Experiment 2, with participants again 

providing comparable ratings for the relationships between A/B and O3 
(true discrimination trials) and the relationship between C/D and O6 
(pseudo-discrimination trials). This effect was observed even though the 
duration of training was reduced, thus demonstrating that participants’ 
extended training in Experiment 2 was unlikely to have influenced the 
results. It is notable, however, that ratings for C/D-O4/O5 were com-
parable to A/B-O1/O2, which is somewhat unexpected given their 
different predictive history and also the successful solution of the task 
during training (Fig. 7). One possible explanation for these results is that 
participants spontaneously configure compounds of stimuli after rela-
tively few training trials (a la Experiment 3) which would permit the 
solution of the task but attenuate the observation of stimulus control of 
behaviour by its elements at test. With longer training, as in the case of 
Experiment 2 this configural representation of the outcome compound 
may be replaced by a more elemental representation of the compound, 
which will continue to support the solution of the task, but also permit 
the observation of individual stimulus control of behaviour when the 
elements of the compound are presented at test (Bellingham & Gillette, 
1981). 

Given the null effect obtained in Experiments 2 and 3 an additional 

Fig. 7. Mean proportion of correct responses for trials with A - O1O3/ B - O2O3 
and C - O4O6/O5O6 and D - O4O6/O5O6 for Group Causal (Top panel) and 
Group Diagnostic (Bottom Panel) during the training stage of Experiment 3. 
Error bars represent SEM. 
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Bayesian repeated measures ANOVA was conducted on the combined 
test data of the ratings of outcome elements O3 and O6, using default 
priors to estimate the Bayes Factors (Rouder, Morey, Speckman, & 
Province, 2012). This analysis allows us to evaluate the weight of evi-
dence for the alternative hypothesis over the null (BF10). Values > 1 
provide evidence for the alternative hypothesis, < 1 represent evidence 
for the null hypothesis, and values = 1 do not provide evidence for either 
hypothesis (Lee & Wagenmakers, 2013). For the factor outcome (O3 vs 
O6) the BF10 = 0.16, which provides moderate evidence for the null 
hypothesis. For the interaction effect between the factors outcome and 
group the BF10 = 0.05, which also provides evidence for the null hy-
pothesis. There was, however, anecdotal evidence in favour of the 
alternative hypothesis for the factor group BF10 = 1.52. As such, these 
results provide further evidence of an absence of interaction effects 
amongst the elements of an outcome when employing an outcome 
relative validity task. 

5. General discussion 

Three experiments investigated the presence of interaction effects 
among the elements of an outcome compound using outcome 

overshadowing and relative validity procedures. In Experiment 1 an 
outcome overshadowing design was employed in which, during 
training, different cues were followed either by compounds of outcomes 
or by a single-element outcome. In a test stage, the elements of the 
outcomes received higher ratings when they had been trained in isola-
tion with a cue than when they were trained as part of a compound, thus 
demonstrating an outcome overshadowing effect. In Experiments 2 and 
3 an outcome relative validity procedure was employed in which on 
true-discrimination trials, one element of an outcome compound, O3, 
was less well predicted by cues A and B relative to elements O1 and O2. 
In contrast, on pseudo-discrimination trials, one element of an outcome 
compound, O6, was equally well predicted by cues C and D relative to 
O4 and O5. In both experiments, which differed only in terms of the 
amount of training given, there was no difference in participants’ ratings 
of the relationship between A or B and O3, relative to C or D and O6 at 
test, thus demonstrating the absence of an outcome relative validity 
effect. A Bayesian analysis of the pooled data from Experiments 2 and 3 
supported the null hypothesis. 

The results of Experiment 1 are a challenge to classical theories of 
associative learning (e.g.: Esber & Haselgrove, 2011; Mackintosh, 1975; 
Pearce & Hall, 1980; Rescorla & Wagner, 1972) which take a simplistic 
view of reward/outcome representation, and which conceive of the 
outcome as either present or absent. Instead, and in keeping with our 
earlier studies (Quigley & Haselgrove, 2020) Experiment 1 suggests that 
the elements of an outcome can interact to differentially support 
learning with a preceding cue. However, this general statement needs 
qualification, as Experiments 2 and 3 both failed to observe an outcome 
relative validity effect, and which when taken on their own, would be 
consistent with classical theories of learning such as the Rescorla- 
Wagner model (1972). Indeed, it is worth noting that relative validity 
effects in cues are only predicted by the Rescorla-Wagner model (1972) 
when it is assumed that the learning rate for reinforcement is greater 
than for non-reinforcement. If, however, these rates are comparable (as 
would be the case in Experiments 2 and 3 where an outcome is presented 
on every trial) then a relative validity effect would not be expected to 
occur. The results of Experiment 1 and Quigley and Haselgrove (2020) 
pose a greater challenge for such models, however, and an alternative 
approach to outcome representation therefore seems necessary (e.g., 
Delamater, 2012; Delamater & Oakeshott, 2007). 

Quigley and Haselgrove (2020) proposed that the outcome- 
interaction effects that they observed could be understood in terms of 
the theory proposed by Wagner (1981). According to this theory, stimuli 
comprise multiple elements each of which can occupy one of three 
different states: a primary state (A1), a secondary state (A2) or an 
inactive state (I). Before being presented, a stimulus is in the inactive 
state where it is unable to attract attention, produce a response or 
engage in learning. Upon the presentation of a stimulus, however, the 
elements of the stimulus enter an A1 state, when the stimulus is regarded 
as being in the centre of attention and can produce its strongest 
response. From A1, the elements of the stimulus decay rapidly into the 
A2 state when the elements produce a weaker response and are 
considered to be at the periphery of an organism’s focus. Elements decay 
from A2 back into inactivity relatively slowly which effectively provides 
A2 with a greater capacity than A1. As noted, stimulus elements can 
enter their A2 state through rapid decay from A1, however, stimulus 
elements can go directly from inactivity to the A2 state by being asso-
ciatively activated by another stimulus, and importantly, the state(s) in 
which the elements of two stimuli reside is key to the type of association 
which may form between them. When the elements of two stimuli are 
both in an A1 state, an excitatory association will form between them; if, 
however, the elements of a cue are in A1 and the elements of an outcome 
are in A2, then an inhibitory association will form between them. Ac-
cording to Wagner’s theory overshadowing will be observed among the 
elements of an outcome compound. This follows because the extent to 
which both elements of a compound outcome can be in A1 at the same 
time as the preceding cue will be restricted due to capacity limits, 

Fig. 8. Mean difference ratings for A/B–O3 and C/D O6 (top panel) and A/B- 
O1/O2 and C/D-O4/O5 (bottom panel) for Group Causal and Group Diag-
nostic during the test stage of Experiment 3. Error bars represent SEM. 
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reducing the extent to which an excitatory association can form between 
the cue and both elements of the outcome. However, this reduction will 
be less when only one outcome element is presented following the cue. 
Interestingly, this analysis predicts the presence of reciprocal over-
shadowing. That is, ratings of the relationship between a cue and both 
elements of an outcome compound should receive comparably low 
ratings relative to the case where a cue is followed by on a single 
outcome element, which is precisely the effect that we observed in 
Experiment 1. 

The effect of outcome relative validity training that can be derived 
from Wagner’s (1981) theory is a little more complex. According to 
Wagner’s theory, on true-discrimination trials (A - O1O3 and B - O2O3) 
the ability of A or B to become associated with O3 will be restricted 
because the presence of O1 and O2 on these trials will preclude O3 from 
fully entering the limited capacity of A1 – that is to say, overshadowing 
will occur. The same effect will also occur on the pseudo-discrimination 
trials in which C and D are paired with an O4O6 compound on half of the 
trials and an O5O6 compound on the remaining trials. However, because 
C and D are followed on some trials with O4 and O5, but on other trials 
by their absence (e.g., O4 is absent on a C - O5O6 trial) there is also the 
opportunity for an inhibitory association to form between these cues and 
these outcomes. What will be the impact of this inhibition? One possi-
bility is for the net excitation between C/D and O4/O5 to simply be 
lower (i.e., the inhibition between C/D and O4/O5 is simply subtracted 
from the excitation between these cues and outcomes). As training 
continues, then, the extent to which O4 and O5 can be activated from 
inactivity into A2 following cues C and D will be relatively lower 
(Wagner, 1981, p.13). Consequently, O4 and O5, will better activate 
from inactivity into A1 and, given the limited capacity of this state, will 
better overshadow learning about O6 (relative to overshadowing of O3 
by O1 O2). Consequently, Wagner’s theory appears to predict the 
presence of an outcome facilitation effect here, rather than a competi-
tion effect. 

It is possible that two competing effects are operating simultaneously 
within our sample; a facilitation effect in accordance with the model 
proposed by Wagner (1981, noted above) and a competition effect 
produced as a result of something else. One candidate for this “some-
thing else” is outcome predictiveness. A growing body of recent litera-
ture has demonstrated that the predictability of an outcome can 
influence subsequent new learning featuring the outcome (Griffiths 
et al., 2015; Quigley et al., 2019, Thorwart et al., 2017). For instance, 
Griffiths et al. (2015) demonstrated – using a comparable task to that 
employed in the current studies – that a well predicted outcome is 
learned about better than a less-well predicted outcome when paired 
with a novel cue. In their study, outcomes were also presented as part of 
an outcome compound thus providing a parallel to our relative validity 
experiments. Considering Griffiths et al. results, it is therefore possible 
that the O6 presented on the pseudo discrimination trials enjoyed an 
enhanced associability as it was a well-predicted outcome, relative to O4 
and O5 which were also presented on both trials with C and D. The same 
does not hold true for O3 on the true discrimination trials though as O1 
and O2 are at least as equally well predicted by A and B as O3, and 
arguably better predicted as their presence is differentially predicted by 
A and B. 

Outcome predictiveness can be regarded as a global effect on 
outcome processing as experience changes the effectiveness by which an 
outcome can support learning that transfers to entirely novel learning 
contexts - such as instances in which that outcome is later signalled by 
new cues (e.g., Griffiths et al., 2015). The mechanism that is provided by 
Wagner’s (1981) theory however is local, for here the effectiveness by 
which an outcome can support learning is determined by the extent to 
which it is signalled by a specific cue or cues on that trial. These local 
and global influences on outcome processing may sometimes comple-
ment one another, whilst on other occasions they may be in conflict (as 
in the case of outcome relative validity). The variables that determine 
the relative dominance of either local or global outcome processing 

mechanisms on learning remains to be determined, 
An alternative account of the current results could also be provided 

by considering the procedural requirements of the outcome relative 
validity task. In Experiments 2 and 3 the common outcomes appearing 
on the true-discrimination trials and the pseudo-discrimination trials are 
presented more frequently than other outcomes in the experiment. This 
is also the case with the outcomes of interest in the outcome over-
shadowing experiment. Unlike the outcome overshadowing experiment, 
however, the outcomes of interest in the relative validity task are pre-
sented alongside several different outcomes which are either inconsis-
tently predicted (on the pseudo-discrimination trials) or presented less 
frequently (on the true-discrimination trials) than the two primary 
outcomes of interest (O3 and O6). As such, it is possible that participants 
are inadvertently directed to focus on the two outcomes of primary in-
terest, as these outcomes are either presented the most or predicted 
consistently, and therefore participants learn about these stimuli to the 
same extent (e.g., Popov & Reder, 2020). 

It is also possible that within-compound associations may have 
played a role in Experiments 2 and 3. Other things being equal, a glance 
at Table 3 suggests that the within-compound associations between O3 
and O1 and O2, and between O6 and O4 and O5 are equivalent. O3 is 
paired with the presence and absence of O1 and O2 as often as O6 is 
paired with the presence and absence of O4 and O5. However, other 
things are not equal. The pseudo-discrimination trials sustain a predic-
tion error throughout training, as these trials can never be solved. It is 
conceivable that this prediction error influenced the extent to which 
within-compound associations form between the elements of the com-
pound outcome. Indeed, Holland (1980) has shown in studies of animal 
conditioning that a surprising US can interfere more with associative 
learning between preceding stimuli than a predicted US. Future research 
should be undertaken to further examine the role of within-compound 
associations in the context of outcome competition tasks such as those 
we report here. Similarly, future research could also examine the po-
tential impact of contextual associations. For example, O3 is never 
presented in the absence of the experimental context, however, it is 
presented in the absence of A and B (for example, O3 is presented in the 
absence of B on the A-O1O3 trials). Consequently, the experimental 
context can be viewed as a better predictor of O3 than A or B. This being 
the case we might expect the context to block learning about the A/B-O3 
association to some degree. The question of interest, of course, is 
whether this context blocking to O3 would be greater or less than 
experienced by O6. Future research could overcome this issue by 
employing an experimental design in which the key outcome of interest 
(e.g., O3) is presented on both true and pseudo-discrimination trials (e. 
g., A - O1O3, B - O2O3, C - O1O3, C - O2O3). 

In conclusion, the current results join a growing literature which 
demonstrates that stimulus-compound interaction effects – a hallmark of 
associative learning, and the catalyst to the development of the Rescorla 
and Wagner (1972) theory, are not just restricted to cues. Training that 
provides analogues of blocking, overshadowing and relative validity in 
the domain of outcome compounds reveals similar effects. Sometimes. 
The parameters that determine this “sometimes” remain to be fully 
understood. 
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