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does not have a clear perceptual component5,7,16,17. Thus, this line of evidence suggests that intervention should 
take the form of training to use visual mental imagery7,14.

However, this conclusion must be tempered by several limitations to previous research. For one, studies that 
have investigated the efficacy of modalities have, to our knowledge, exclusively compared single modalities (e.g. 
visual mental imagery vs. semantic processing7). However, considering that emotional experiences are inherently 
multimodal, including clear perceptual, semantic, and interoceptive aspects18,19, there is reason to expect that 
endogenous emotional representations are similarly multimodal2,20. This suggest that combinations of modalities 
might be more efficacious than any single modality in isolation. Thus, it is possible that information modalities 
might interact in determining the emotional impact of a representation. Similarly, it is plausible that there is sig-
nificant individual variation in the capacity to draw on information in different modalities, which is an important 
datum for the future development of tailored EGE training interventions.

The current paper sought (1) to explore individual differences in preference for using different informa-
tion processing modalities in EGE and (2) whether these differences were predictive of the capacity to generate 
emotion. To do this we performed a reanalysis of behavioural data from a recent neuroimaging study2 using a 
recently developed paradigm designed to provide a maximally naturalistic assay of EGE. Participants (N = 293) 
self-generated positive and negative emotional states in a completely cue-based paradigm (see Fig. 1A), using one 
or more of four information processing modalities (Semantic Analysis, Visual Imagery, Auditory Imagery, and 
Bodily Interoception) in whichever combination and degree they believed would facilitate successful emotion gen-
eration. These modalities cover most information sources known to partake in emotional experiences18,19, while 
simultaneously representing discrete modes of processing that are amenable to both instruction and combination. 
In a previous investigation of the current dataset we have shown2 that this task elicits strong changes in subjective, 
psychophysiological and neural markers of emotion. Moreover, in the previous investigation we showed that 
self-reported modality usage correlated with activation of functional neural networks known to be associated 
with primary processing of these modalities. In the current investigation we sought to expand on these findings 
and explore whether usage of different modalities was associated with differential efficacy in the generation of 
emotional states. Importantly, we address a shortcoming of most previous studies in having participants generate 
both positive and negative emotion, allowing us to differentiate general from valence-specific effects.

The current research had two distinct objectives. First, we aimed to address the complete lack of descriptive 
research on what information processing modalities individuals spontaneously use when they engage in EGE. To 
do this, we investigated overall usage of different modalities and their combinations, so as to provide a descriptive 
account of what modalities and combinations of modalities participants preferred in generating emotional states. 
Our second objective was to establish whether specific modalities or combinations of modalities were associated 

Figure 1. (A) Schematic representation of the experiment. Following an automatized procedure where 
participants trained and selected how to generate emotional states, participants were asked to generate positive, 
negative and neutral states. Each trial started with a fixation cross (4–6 s.). Participants were then presented with 
cues indicating what emotional state to generate (green plus-sign = generate positive, red minus-sign = generate 
negative, blue zero = generate neutral) for 10 seconds. For the emotional conditions, the cue then either changed 
to a blue zero indicating that participants should down-regulate their generated states or remained the same as 
in the generation phase indicating that they should maintain the emotional state for another 5 seconds. Only 
this Maintain-condition was the topic of the current study. This was followed by a 5 second fixation cue, and a 
5 second bipolar subjective affect rating. (B) Effect of generation instructions on subjectively reported affect. (C) 
Spearman correlations between modalities. (D) Modality usage reported by participants to generate emotions. 
(E) Reported combinations of modalities as a function of number of modalities participants reported using.
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