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Abstract

Although laboratory procedures are designed to produce specific emotions, participants often 

experience mixed emotions (i.e., target and non-target emotions). We examined non-target 

emotions in patients with frontotemporal dementia (FTD), Alzheimer’s disease (AD), other 

neurodegenerative diseases, and healthy controls. Participants watched film clips designed to 

produce three target emotions. Subjective experience of non-target emotions was assessed and 

emotional facial expressions were coded. Compared to patients with other neurodegenerative 

diseases and healthy controls, FTD patients reported more positive and negative non-target 

emotions, whereas AD patients reported more positive non-target emotions. There were no group 

differences in facial expressions of non-target emotions. We interpret these findings as reflecting 

deficits in processing interoceptive and contextual information resulting from neurodegeneration 

in brain regions critical for creating subjective emotional experience.

INTRODUCTION

In emotion research, stimuli such as film clips, pictures, or situational challenges are 

presented to participants to induce a particular target emotion [1–3]. In reality, most stimuli 

produce a mix of target and non-target emotions (e.g., a disgusting film may elicit disgust 

and amusement). Previous research has typically focused on target emotions, whereas non-

target emotions are often overlooked.
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Subjective Experiences of Emotions

There are several models of how subjective emotional experience arises [4–6]. In 

“peripheralist” views [5,7*,8*,9], subjective emotional experience is derived from 

interoceptive information produced by the physiological activity that accompanies emotion 

(e.g., changes in facial expressions and autonomic responses). Neuroimaging studies suggest 

that these processes are supported by the anterior insula, amygdala, ventral striatum, anterior 

temporal lobes, and medial prefrontal cortices [7*]. Therefore, disruptions in any of these 

brain regions may result in altered subjective experiences of emotions [10**–13].

Experiencing non-target emotions in situations that predominantly elicit strong target 

emotions may reflect alterations in emotion processing. For example, patients with 

schizophrenia report more negative non-target emotions in response to positively-valenced 

stimuli, which has been linked to deficits in emotional memory and an inability to overcome 

prepotent response tendencies [14,15]. From a functional perspective, increased subjective 

experience of non-target emotions may interfere with adaptive learning and social 

communication [5,16]. For instance, experiencing enjoyment when confronted with 

contaminated food increases health-harming approach behaviors. Similarly, experiencing 

happiness when a loved one is grieving may lead to socially inappropriate responses, which 

can impair relationship quality.

Emotional functioning in frontotemporal dementia and Alzheimer’s disease

Frontotemporal dementia (FTD) and Alzheimer’s disease (AD) are two common forms of 

dementia characterized by distinct patterns of neurodegeneration. In FTD, 

neurodegeneration primarily occurs in the lateral and medial frontal lobes, anterior temporal 

lobes, cingulate cortex, ventral striatum, and insula [17*], areas thought to be critical for the 

generation of emotion and the processing of interoceptive information [7*,12]. In AD, 

neurodegeneration occurs in the medial temporal lobes, including the entorhinal cortex and 

hippocampus, areas critical for memory [17*]. In later stages of AD, limbic regions (e.g., 

amygdala) and other cortical regions (e.g., lateral temporoparietal cortex) are also affected 

[17*–20].

Alterations in subjective emotional experience are often seen in patients with FTD and AD 

[21**,22]. For example, patients with FTD experience less disgust and embarrassment in 

response to disgusting film clips and embarrassing situations [10**,23,24]. Patients with AD 

report greater emotional distress when exposed to the negative emotions of others [25]. 

Studies of subjective emotional experience in FTD and AD patients have overwhelmingly 

focused on target emotions. In this study, we aim to provide a comprehensive assessment of 

subjective experience of non-target emotions.

The present study

The present study examined subjective experience of non-target emotions in patients with 

FTD, AD, and two control groups (patients with other neurodegenerative diseases, and 

neurologically-healthy controls) in response to emotional film clips selected to induce 

amusement, sadness, and disgust. We also examined facial expressions in response to the 

film clips to determine whether alterations in non-target emotions were limited to subjective 

Chen et al. Page 2

Curr Opin Behav Sci. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



experience or were also found in other aspects of emotion responding. We hypothesized that 

patients with FTD and AD would have altered subjective experience of non-target emotions 

relative to both control groups.

METHODS

Participants

Participants included: (a) 99 patients with FTD; (b) 45 patients with AD; (c) 45 

neurodegenerative controls (NC) -- patients with neurodegenerative diseases that primarily 

affect motor but not emotional functioning (e.g., corticobasal syndrome, progressive 

supranuclear palsy, amyotrophic lateral sclerosis without symptoms of frontotemporal 

degeneration); and (d) 37 healthy controls (HC); Table 1. Dementia severity was assessed by 

the Clinical Dementia Rating Scale sum of the boxes [26]. Including the NC group enabled 

us to rule out the possibility that found changes in non-target emotions in FTD and AD 

patients are also common in other neurodegenerative diseases. Details concerning participant 

recruitment and patient diagnosis can be found in Verstaen et al. [10**].

Procedure

Participants watched three film clips in a fixed order that were selected to induce amusement 

(I Love Lucy), sadness (The Champ), and disgust (Fear Factor). Previous research has 

demonstrated that these film clips elicit strong target emotions in healthy adults [2,10**,

24,27,28]. Emotional facial expressions were recorded continuously using partially hidden 

cameras. After each film clip, participants were asked: (a) an open-ended question where 

they indicated the emotion they felt most strongly when watching the film; (b) a valence 

question, where they rated the valence of their overall experience while watching the film 

(i.e., “good,” “neutral,” or “bad”); and (c) ten specific emotion questions where they rated 

their subjective experience of ten different positive and negative emotions (i.e., affection, 

fear, amusement, anger, shame, disgust, embarrassment, enthusiasm, pride, sadness) during 

the film clips on a three-point scale (0=not at all; 1=a little; 2=a lot).

Measures

Subjective Emotional Experience—Target emotions for the three emotion-eliciting 

film clips were amusement, sadness, and disgust. Non-target emotions were the other nine 

emotions reported on the rating scales after each film clip (Figure 1A–C left). In the 

analyses, we grouped positive and negative non-target emotions separately to capture 

changes in subjective emotional experiences by valence (Figure 2A). Aggregating emotions 

resulted in three emotion categories (i.e., positive non-target, negative non-target, and 

target), which also helped us control for Type I error by reducing the number of statistical 

tests.

Emotional Facial Expression—Facial expressions of happiness/amusement, sadness, 

disgust, anger, fear, and embarrassment (Figure 1A–C right) during a pre-selected 30s “hot 

spot” (i.e., the segment of maximal emotional impact as judged by an independent panel of 

viewers) for each film were coded by trained research assistants using the Expressive 

Emotional Behavior (EEB) Coding System [29] (Cronbach’s alpha=.91). See Verstaen et al. 
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[10**] for details on the coding procedure. Scores for facial expressions of target, positive 

non-target, and negative non-target emotions were calculated by averaging facial expressions 

in their respective categories1.

Emotion Rating Deficit—Self-report of emotional experiences can be impacted by 

language impairments [24] and/or the inability to rate emotions on scales. To quantify these 

deficits, we examined inconsistencies between the valence of participants’ answers to the 

open-ended questions and the valence they endorsed in the subsequent question. For 

example, if the participant reported “I felt sad” but then reported the valence of this emotion 

to be “good”, this suggested that the participant was unable to: (a) understand the meaning 

of “sadness”, and/or (b) rate their emotional experience on the scale. The average number of 

inconsistencies was calculated for each participant to index emotion rating deficits.

Data Pre-processing

In addition to “emotion rating deficits”, subjective emotional experience in patients with 

neurodegenerative disease can be affected by many other factors including dementia 

severity, age, and sex [28,30,31]. In addition, individuals who experience higher levels of 

target emotions may be more likely to report experiencing higher levels of non-target 

emotions and vice versa due to individual differences in emotional experience [32]. We 

computed corrected scores of subjective emotional experiences2 where the above factors3 

were accounted for (i.e., self-reported target [or non-target] emotions were accounted for in 

the corrected scores of non-target [or target] emotions). Similarly, we computed corrected 
scores of facial expressions of target and non-target emotions accounting for dementia 

severity, age, sex, and facial expressions of non-target (or target) emotions.

Data Reduction

In preliminary data analyses, for subjective experience and facial expression of positive and 

negative non-target emotions, we performed a repeated-measures analyses of variance 

(ANOVA; 3 film clips4 x 4 diagnoses) of the corrected scores. These analyses did not reveal 

any significant main effects of film clip, nor any interaction effects between film clip and 

diagnosis, Fs<1.52, ps>.16. Thus, we averaged the data across the three film clips, which 

reduced the number of non-target emotion variables to four: (a) subjective experience of 

positive non-target emotions, (b) subjective experience of negative non-target emotions, (c) 

facial expressions of positive non-target emotions, and (d) facial expressions of negative 

non-target emotions5. For consistency, we also averaged the data across the three film clips 

1Note that the EEB coding system does not include positive non-target facial expressions for the amusement film clip and thus this 
variable could not be included in analyses.
2The corrected scores were residual scores computed from regression models in which age, sex, dementia severity, emotion rating 
deficits, and self-reported target/non-target emotions were entered as predictors and self-reported non-target/target emotions were the 
dependent variable.
3Note that data of dementia severity and emotion rating deficits were missing in 1 (NC) and 6 (5 FTD, 1 NC) participants, 
respectively.
4The analyses for facial expressions of positive non-target emotions only included sadness and disgust film clips because the EEB 
coding system only codes for one positive emotion – amusement. Thus, no additional positive non-target emotions could be coded for 
the amusement film clip using this system.
5Note that facial expressions of target, positive non-target, and negative non-target emotions were missing in 2 (1 FTD, 1 NC), 3 (2 
FTD, 1 NC), and 2 (1 FTD, 1 NC) participants, respectively.
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for the target emotion measures6, which resulted in two variables: (e) subjective experience 

of target emotions, and (f) facial expression of target emotions.

RESULTS

Subjective Emotional Experience

Figure 1A–C left shows participants’ subjective experience of ten emotions for the three film 

clips (raw score M ± 1 SEM; emotions are listed in the same order as presented to 

participants7). One-sample t-tests (test value = 0; Bonferroni corrected for 40 comparisons 

in each film clip) revealed that participants across diagnostic groups reported experiencing a 

range of emotions that included both target emotions (which serve as a manipulation check 

indicating our stimuli successfully elicited target emotions) and non-target emotions at levels 

that significantly differed from zero (ps<.05).

Figure 2A shows averaged subjective emotional experiences by emotion categories based on 

raw and corrected scores. ANOVAs of the corrected scores revealed a significant diagnosis 

main effect for target, F(3, 215)=3.45, p=.018, positive non-target, F(3, 215)=7.40, p<.001, 

and negative non-target emotions, F(3, 215)=8.86, p<.001. Post-hoc comparisons 

(Bonferroni corrected) revealed that FTD patients reported fewer target emotions and more 

positive and negative non-target emotions than NC (ps<.05), and more negative non-target 

emotions than AD patients (p=.001). AD patients reported more positive non-target 

emotions than NC (p<.001). To examine the robustness of these effects, we performed the 

same analyses on raw scores of subjective emotional experiences and found similar results 

with significant main effects of diagnosis across all three emotion categories, Fs(3, 

215)>4.71, ps<.003. Differences between HC and FTD patients in all emotion categories, 

and between HC and AD patients in non-target positive emotions were statistically 

significant when examining raw scores (ps<.014) but not corrected scores. This may be 

because corrected scores accounted for dementia severity, which attenuated effects between 

FTD/AD patients and healthy controls (all HC had a dementia severity score of zero, Table 

1).

Facial Expressions

Figure 1A–C right shows participants’ facial expressions of six emotions for the three film 

clips (raw score M±1 SEM). One-sample t-tests (test value = 0; Bonferroni corrected for 24 

comparisons in each film clip) revealed that participants across diagnostic groups expressed 

target emotions in all film clips at levels that significantly differed from zero (ps<.05). 

Participants did not express non-target emotions in all film clips except the FTD patients 

expressed amusement (significantly greater than zero) in the disgust film clip (p<.05).

6Note that the parallel analyses for facial expression of target emotions revealed a significant interaction of film clip x diagnosis, F(6, 
416)=2.83, p=.01. This finding that patients with different diagnoses differed in their facial expression of the target emotion in 
response to the three film clips is consistent with previous findings from our laboratory [24] but is not of primary interest in the present 
study.
7Figure 1A–C left shows that responses of FTD and AD patients fluctuated over the ten specific emotion questions, making it unlikely 
that perseveration accounted for our findings.
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Figure 2B shows averaged responses by emotion categories based on raw and corrected 

facial expression scores. ANOVAs of the corrected facial expression scores did not reveal 

any significant diagnosis main effects across all emotion categories: target, F(3, 219)=1.20, 

p=.31; positive non-target, F(3, 218)=0.13, p=.94; negative non-target, F(3, 219)=1.39, p=.

25. We also analyzed raw facial expression scores and found similar results in non-target 

emotions, Fs<1.44, ps>.23. However, a significant diagnosis main effect was found for target 

emotions, F(3, 220)=2.96, p=.03. Bonferroni-corrected comparisons revealed that FTD 

patients exhibited fewer target facial expressions than HC at trend level (p=.059).

Pearson correlations (on corrected scores) were conducted to examine whether participants’ 

subjective experience of emotions was associated with facial expressions they expressed 

within each emotion category. Among all participants, significant correlations were found 

between facial expressions and subjective experiences for target emotions, r=.20, p=.003, but 

not for positive non-target, r=−.01, p=.86, or negative non-target emotions, r=−.05, p=.46. 

Similarly, within each diagnostic group, no significant correlations were found between 

subjective experience and facial expression of non-target emotions, rs<.22, ps>.15. These 

results are presented in Table 2.

DISCUSSION

Results revealed that participants across all diagnostic groups reported experiencing a range 

of emotions that included both target emotions and non-target emotions at levels that 

significantly differed from zero. We also found that patients with FTD and AD tended to 

experience more “mixed emotions” when watching emotionally arousing film clips. Indeed, 

when compared to control groups, patients with FTD reported experiencing more positive 

and negative non-target emotions, while patients with AD reported experiencing more 

positive non-target emotions. These effects were specific to patients with FTD and AD and 

did not generalize to other neurodegenerative diseases. These effects generalized across 

three different film clips and were specific to subjective emotional experiences; patients with 

FTD and AD did not display more facial expressions of non-target emotions when compared 

to the control groups.

Sources of Altered Subjective Emotional Experience

According to peripheralist views, subjective emotional experience arises from the 

individual’s processing of interoceptive information, which primarily results from 

“proprioception” (derived from the action of the somatic nervous system; e.g., facial 

expressions, changes in posture) and “visceral perception” (derived from the action of the 

autonomic nervous system; e.g., cardiovascular and electrodermal activity) of bodily 

changes that occur in emotions [5,7*,8*,9]. Thus, increased experience of non-target 

emotions in FTD and AD patients might result from alterations in: (a) somatic and/or 

autonomic emotional responding, and/or (b) production and processing (e.g., interpretation) 

of interoceptive information. Social constructivist views [4,6,33] would add to these the 

possibility of (c) misconstrual of social and contextual cues that are useful for labeling states 

of arousal.
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It is difficult in a single study to determine the extent to which some or all of these factors 

contribute to patients with FTD and AD endorsing more non-target emotions than controls. 

The findings that (a) FTD and AD patients did not differ from controls in non-target facial 

expressions and (b) facial expressions and subjective experience of non-target emotions did 

not significantly correlate with each other would argue against explanations involving 

differences in facial aspects of somatic nervous responding. Of course, facial expression is 

just one source of proprioceptive information in emotion; other muscle groups involved in 

changes to posture and activity (e.g., running away from something) are also rich sources of 

proprioceptive information [9]. As for other sources of information, we and others have 

found altered autonomic and somatic responding in FTD [23,24] and AD [34]. Alterations in 

the production and processing of interoceptive information are also likely given that brain 

regions critical to these processes such as the insula [7*,10**] are common targets of 

neurodegeneration early in FTD and in the later stages of AD [35,36].

Finally, we should note that patients with FTD and AD may also have changes in their 

ability to process social and contextual information that could influence their ability to label 

their emotional experience. Patients with FTD typically have neurodegeneration in anterior 

temporal regions thought to be critical for the processing of social information [37]. Patients 

with AD typically have neurodegeneration in the default mode network (consisting of 

medial and lateral temporoparietal and medial prefrontal regions [17*,38]), which is critical 

for self-referential processes [39]. Thus, patients with AD may have difficulty understanding 

external stimuli in relation to themselves (e.g., how does a boy crying in a movie relate to 

my internal experience?). Our findings that patients with AD reported more positive non-

target emotions suggest that brain regions responsible for down-regulation of positive 

emotion may be particularly vulnerable in AD [21**,28].

Clinical Implications

The subjective experience of emotion is critical for functioning in the social world, 

undergirding our ability to communicate our emotional reactions and needs to others [5,16]. 

Results that patients with FTD and AD are more likely than controls to experience mixed 

subjective emotional experiences (i.e., consisting of both target and non-target emotions) 

when responding to laboratory film stimuli has important real-world implications. For 

example, patients with FTD and AD may present family members and caregivers with 

complex reports of their emotional states that consist of emotions that are normative and 

non-normative for a given situation. Caregivers may find these responses confusing or 

frustrating, which in turn can contribute to increased caregiver burden and other negative 

effects on caregivers’ health and well-being [40]. Additionally, patients with FTD and AD 

may report feelings that are not consistent with their facial expressions, creating additional 

complexities and difficulties for caregivers; studies examining dementia caregivers often find 

that patients’ emotional and behavioral symptoms are especially burdensome [41].

Conclusion and future directions

To our knowledge, this is the first study to examine mixed target and non-target emotions in 

patients with neurodegenerative diseases. The findings that patients with FTD and AD 

subjectively experienced more non-target emotions but did not display more facial 
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expressions of these emotions compared to controls suggest alterations in the production and 

processing of relevant interoceptive information, and/or the evaluation of contextual 

information. Our study also has several limitations: (a) the film clips and ratings for 

subjective emotional responses were presented to the participants in the same order, and (b) 

we did not assess non-facial aspects of expressive behavior (e.g., body posture). Future 

research should be conducted to address these limitations and to identify the sources 

underlying disrupted subjective emotional experiences in FTD and AD, the impact that these 

mixed emotional states have on patients’ overall functioning and patients’ interactions with 

others, and the challenges mixed emotions create for caregivers and family members.
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HIGHLIGHTS

a. Greater subjective experience of positive and negative non-target emotions in 

FTD.

b. Greater subjective experience of positive non-target emotions in AD.

c. No differences in facial expressions of non-target emotions in either disease.
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Figure 1. 
Raw scores of subjective experience of 10 emotions (left) and facial expressions of six 

emotions (right) in response to the amusement, sadness, and disgust film clips. M ± 1 SEM; 

T = Target emotion; NP = Positive non-target emotions; NN = Negative non-target emotions. 

The annotation * indicates the mean response of the group was significantly different from 

zero at the level of p<.05.
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Figure 2. 
Averaged subjective experience (2A) and facial expressions (2B) of emotions across film 

clips by emotion categories as indexed by raw (left) and corrected (right) scores. 

Annotations indicate significant or trending between-group differences. M ± 1 SEM. †p<.10; 
*p<.05; **p<.01; ***p<.001.
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