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Abstract 
Although routinely used, control group criteria vary considerably in research. Drawing from as-
pects in our normative study on musical emotion perception, we show how a group of participants 
who would normally be considered a control group in most studies, display clear event-related 
potential (ERP) differences when grouped by affective assessment scores that are rarely adminis-
tered to presumed “control” group candidates. This preliminary finding demonstrates the impor-
tance of careful screening of control group membership. Failure in this process can produce mis-
leading observations, undermining the validity of results. 
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1. Introduction 
The use of control groups and conditions as baseline measures is standard practice in scientific research, al-
though definitions and criteria vary across experiments. Few have questioned the necessity of control measures 
and their potential influence on experimental results. Recently, more stringent determination of control condi-
tions in psychological intervention and pharmacological research, particularly the elimination of placebo effects, 
were advocated [1]. In their survey of video game players (N = 400), placebo effects (improved performance in 
cognitive assessments after viewing video games) were found even in the active control group (slow paced 
non-action games like Tetris) as well as the experimental group (fast paced action games like Unreal Tourna-
ment), highlighting the importance of matching participant expectations when designing experiments [1]. More 
significantly, their findings have highlighted the re-evaluation of control conditions alongside the experimental 
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question; a recommendation having clear implications beyond intervention and pharmacological research. 
Although control group variability was not our main research focus, preliminary results of our normative 

study on affective priming and music [2] demonstrated significant group differences in the electrical brain res- 
ponses (ERPs) of participants (N = 48) in music emotion perception. What was interesting was that these partic- 
ipants would normally be considered a control group in most studies and were a representative sample of a nor- 
mative and typical undergraduate population. However, when this sample was partitioned into four groups (12 
participants per group) based on emotional characteristics, it became clear that “normative” or “representative” 
labels were misleading. Similar to [1], our results highlighted the importance of determining the nature of con- 
trols in accordance to the research question. We suggest additional deliberation and assessments be considered, 
particularly for research in the emotion domain. Before presenting the preliminary results of our research, there 
are several factors requiring explanation. 

2. Consider Emotion 
Selecting a valid control group is central in emotion research, as individuals can be affected by primary (e.g. 
family history of depression) or secondary (e.g. post-traumatic stress disorder) dispositions prior to the experi- 
ment. Emotion, feeling, affect and mood should first be distinguished as these terms are often used interchange- 
ably in the literature. Emotion is most commonly defined as the neurophysiological and motor-expressive 
changes regulated by the neural system in response to a specific perception, object or event [3]. Feeling is the 
subjective, cognitive-experiential domain of an emotion; affect is the overall state encompassing emotion and 
feeling, incorporating other evaluative and valenced (range of positive and negative emotional value) elements 
like memories or preference; and mood is a less intensive, sustained state that lacks focus or an object [4]. As 
Damasio observed [5], “Affect is more general and can designate the whole subject matter we are discussing— 
emotion, mood, feeling. It is the thing you display (emote) or experience (feel) towards an object or situation, 
any day of your life whether you are moody or not.” 

3. Consider Consciousness 
Following the proper designations for emotion, it becomes apparent how consciousness or more specifically, 
awareness increases from emotion to feeling, testament to the intricate relationship between emotion and con-
sciousness. Consider how consciousness is amplified in emotionally charged situations, how emotions are dam-
pened in drowsiness [6], and how both exist on a continuum. The precedence of emotion over cognition [7], its 
more basic nature and regulation in the older, more primitive brain regions give rise to ‘affective consciousness’ 
[8]. Given how closely emotion and consciousness are intertwined, deficiencies in one domain would inevitably 
impinge on the other. In this respect, assessing not just depression (reflecting how emotional disruption impacts 
consciousness) but also alexithymia (reflecting how a lack of consciousness impacts emotion) become pertinent. 

4. Consider Alexithymia 
Depression is a condition marked by continual, recurrent, diminished function and low mood persisting for at 
least a fortnight [9]. As it influences our feelings and perception [10], depression is frequently controlled for in 
emotion research. In contrast, alexithymia is a relatively new personality construct or condition gaining attention 
only in the past four decades [11] due to its relationship to a number of medical problems [12] [13]. Alexithymic 
individuals have impaired emotional regulation, with difficulty distinguishing between internal sentiments and 
external sensations [14]. 

Alexithymia has been termed “blindfeel” because they process emotion without being fully aware of it [15]. 
Just as blindsight and conscious vision are both visual processes distinguished only by a difference in conscious 
awareness, alexithymia (“blindfeel”) and conscious emotion are both emotional processes that differ in their 
level of consciousness [16]. Alexithymia has also been likened to a series of disconnects in the transfer of emo-
tional information, where the fundamental break seems to be where emotions interact with cognition to become 
feelings. Thus, alexithymia enables the examination of emotion in its purest form [17]. 

Although alexithymia and depression are often co-morbid, both are distinct conditions [18]. Anti-depressants 
and/or psychotherapy are considered most efficacious in treating depression [19]. However, self-reflection dif-
ficulties in alexithymic individuals renders psychotherapy ineffective [3] [6] and there are currently no demon-
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strated pharmacological interventions for alexithymia. Depression is more common in females [19], impairing 
cognitive and executive function [10]. However, alexithymia is more prevalent in males [20], with alexithymic 
individuals being typically unimpaired intellectually, often using their strong cognitive skills to compensate for 
their lack of emotional awareness [6]. 

Streaming our representative sample of individuals drawn from a normal population into four groups (control, 
alexithymic, depressed, depressed alexithymic) after the relevant assessments (Twenty-item Toronto Alexithy-
mia Scale/TAS-20 [21]; Bermond-Vorst Alexithymia Questionnaire-B/BVAQ-B [22]; Beck Depression Inven-
tory II/BDI-II [23] enabled observation of the individual and combined effects of depression and alexithymia on 
emotional processing as manifested by both behaviour and ERPs. These participants were free from neurological, 
psychiatric, language or learning issues, with normal to corrected normal vision and hearing. 

5. Alexithymia: Increased, Less Automatic and Most Compromised Processing 
Our participants listened to happy or sad music primes (~1000 ms film music excerpt) preceding spoken word 
targets “happy” or “sad” (music-word paradigm) or music targets that were happy or sad (music-music para-
digm). The task in both paradigms was to decide if the emotional valence of the primes and targets matched or 
not. Musical emotion perception was examined with ERPs [2]. Perceiving emotions in music is naturalistic and 
primarily why most people listen to music [24]. Music most often conveys meaning through emotion, making it 
a suitable platform to assess emotion. 

As illustrated in Figure 1(a) and Figure 1(b), group ERP differences are apparent in both paradigms. The 
larger response amplitudes of the alexithymic group (red line) compared to other groups in both paradigms re-
flects additional processing effort and is suggestive of compromised emotional function [2]. Although alexi-
thymic individuals can perform comparably with controls behaviourally [25], they typically overcompensate for 
their poor emotional regulation through augmented responses, to avoid ignoring potentially harmful or useful 
stimuli. This extra effort, manifested as larger response amplitudes for emotional categorization (N300), recog-
nition (P300) and integration or meaning (N400) processes [2] results in a more controlled, less automatic 
processing of emotion compared to non-alexithymic individuals [26]. Additional support for this interpretation 
comes from research indicating that N400 responses are sensitive to uncertainty and/or indecision about the 
meaning of a stimulus [27]. 

Alexithymia group responses are particularly clear in the music-word paradigm (marked deviation of red line) 
in contrast to the similar performances of other groups, whose responses cluster together (Figure 1(a)). Con-
versely, group response differences in the music-music-paradigm was more subtle (Figure 1(b)), likely reflect-
ing the more interpretive aspects of music evaluation than word processing. That is, music targets are more sub-
jectively interpreted than word targets simply because it is far less likely to mistake the target word “happy” for 
the word “sad” than it is to interpret what others may consider a “happy” piece of music as sad. This group re-
sponse distinction also indicates differences in paradigm automaticity [2]. When processing is contained within 
a domain (e.g. music-music paradigm), less effort is needed as the initial stimulus has primed the successive 
target. In contrast, processing between domains (e.g. music-word paradigm) requires additional processing be-
sides priming, to switch from music to word domains, similar to switch costs in task switching [28]. Thus, it is 
not surprising to see the alexithymic group having more trouble with the less automatic music-word paradigm, 
which requires more effort to begin with. 

6. Alexithymia “Normalizes” Depressed Alexithymia Compared to Depressed 
Individuals 

The individual and combined effects of alexithymia and depression manifested in the ERP group waveforms and 
topographical maps reflect what might be considered a modulatory role of alexithymia. Given the general re-
sponse attenuation in depression, it is not surprising to see the depressed group (blue line) having the smallest 
ERP response amplitudes for both paradigms (Figure 1(a) and Figure 1(b)). In contrast to behavioural findings 
showing alexithymic individuals being more depressed and less responsive than depressed individuals [29] [30], 
we found the ERPs of the depressed alexithymic group (green line) appeared more responsive and closer to the 
controls (black line) (Figure 1(a) and Figure 1(b)). This intermediacy is logical as the alexithymic (red line) 
and depressed (blue line) groups fall at opposite sides of the response spectrum. Hence, the simultaneous ma-
nifestations of alexithymia produces a more intermediate response as alexithymia “normalizes” depression in  
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Figure 1. Participant N300, P300 and N400 ERP components reflecting stages of emotional processing grouped by partici-
pant group at electrode site Pz, which best reflects experimental effects in all components for the normative database (N = 
48). (a) Grand averages for the music-word paradigm. Lines denote groups: black (controls), red (alexithymics), blue (de-
pressed), green (depressed alexithymics). (b) Similar ERP data for the music-music paradigm. (c) Topographical maps re-
flecting mean amplitudes across sites were effects were maximal for all components, for the music-word paradigm. Note the 
P300 scales differ from the other components and between paradigms to best showcase group differences. (d) Similar topo-
graphical data for the music-music paradigm. Negative is plotted up for ERPs, anterior is plotted up for topographical maps.  
 
depressed alexithymia to some degree [2]. Our results also show ERPs to be a more sensitive and precise meas-
ure of alexithymia and depression as these group nuances were distinguished more clearly, unlike their beha-
vioural counterparts. The topographical maps (Figure 1(c) and Figure 1(d)) also show the groups to display 
varying ERP component distributions. 

7. Future Directions 
Our four groups of participants were collectively meant to reflect a normative ERP database representing the 
general population. Nevertheless, the marked group ERP response differences have also prompted us to consider 
the variability of control groups as a whole. These significant group effect sizes are displayed in Table 1. A 
mixed 2 × 2 × 2 × 4 analysis of variance (ANOVA) with the repeated factors of target valence (happy, sad) and 
relatedness (related, unrelated) and a between groups factor (control, alexithymic, depressed, depressed alexi-
thymic) was conducted. In the music-word paradigm, the P300 and N400 were statistically significant. For the 
P300, a main effect of group (F(3, 44) = 10.42, p = 0.0001), valence (F(1, 44) = 10.23, p = 0.0026), and a group 
x valence interaction (F(3, 44) = 2.77, p = 0.053) was found. These findings reflected valence affecting P300 
responses differentially in the depressed and alexithymic groups, being particularly large for sad word targets in 
the depressed group (i.e. emotional negativity bias) and small for happy words targets in the alexithymic group. 
For the N400, a main effect of valence (F(1, 44) = 6.79, p = 0.013) reflected larger responses to happy targets 
compared to sad word targets for all groups, while a group trend (F(3, 44) = 2.51, p = 0.071) was attributed to  
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Table 1. Effect sizes for group ERP differences for the music-word and music-music paradigms. Effect sizes (Adapted from 
Cohen 1988) are designated * for small (0.15 - 0.40), ** for medium (0.41 - 0.69) and *** for large (0.70 - ∞).             

ERP Music-word paradigm Cohen’s d Music-music paradigm Cohen’s d 

N300 Control/alexithymic 0.18* Control/alexithymic 0.41** 

 Control/depressed −0.10 Control/depressed −0.57** 

 Control/depressed alexithymic 0.03 Control/depressed alexithymic −0.30* 

 Alexithymic/depressed −0.23* Alexithymic/depressed −0.86*** 

 Alexithymic/depressed alexithymic −0.14 Alexithymic/depressed alexithymic −0.74*** 

 Depressed/depressed alexithymic 0.11 Depressed/depressed alexithymic 0.43** 

P300 Control/alexithymic 0.19* Control/alexithymic 0.07 

 Control/depressed −0.27* Control/depressed −0.17* 

 Control/depressed alexithymic −0.05 Control/depressed alexithymic −0.30* 

 Alexithymic/depressed −0.38* Alexithymic/depressed −0.22* 

 Alexithymic/depressed alexithymic −0.20* Alexithymic/depressed alexithymic −0.34* 

 Depressed/depressed alexithymic 0.19* Depressed/depressed alexithymic −0.15* 

N400 Control/alexithymic −0.07 Control/alexithymic 0.08 

 Control/depressed −0.24* Control/depressed −0.71*** 

 Control/depressed alexithymic −0.02 Control/depressed alexithymic −0.18* 

 Alexithymic/depressed −0.15* Alexithymic/depressed −0.74*** 

 Alexithymic/depressed alexithymic 0.05 Alexithymic/depressed alexithymic −0.26* 

 Depressed/depressed alexithymic 0.19* Depressed/depressed alexithymic 0.69** 

 
larger N400 responses in the alexithymic group (i.e. additional processing efforts) compared to the depressed 
alexithymic group for all conditions. In the music-music paradigm, only the P300 was statistically significant. A 
main effect of group (F(3, 44) = 13.21, p = 0.0001) reflected larger responses in the depressed alexithymic 
compared to alexithymic group [2]. 

Alexithymia is neither typically controlled for nor routinely assessed in emotion research, and is likely to be a 
substantial confounding factor in present control groups, especially as alexithymia frequently overlaps with de-
pression [18]. The individual and combined influence of alexithymia and depression are clearly manifested in 
both ERP waveforms (Figure 1(a) and Figure 1(b)) and topographical maps (Figure 1(c) and Figure 1(d)). 
Therefore, it is worthwhile for future research on emotion to incorporate the assessment of alexithymia sepa-
rately and in combination with depression when determining control group criteria, to increase the validity of 
future results. Considering alexithymia has a prevalence rate between 10% - 17% in healthy and 30% - 60% in 
patient populations [31], accounting for its effects would have significant implications in both basic and clinical 
research in the emotion domain. 
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