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The influence of sad mood on inhibitory control: the role of gender differences

Abstract

Previous attempts to study the effect of sad mood on inhibitory control have not led to consistent results
in clinical and non-clinical populations. We suggested that inconsistent results may have been caused by
different task situations, different qualities of the experienced sad mood, and disregarding the possible
effects of confounding factors such as gender and age differences. To fill in the gaps of previous studies,
we recruited 30 male and 30 female participants aged between 20 to 27. They were randomly assigned to
one of the sad or neutral mood groups. The music mood induction procedure was used to induce the sad
mood state, while participants in the neutral mood group listened to some neutral audio materials. After
mood manipulation, participants completed the color-word Stroop task. We observed that participants’
inhibitory control performance was not influenced by any of the fleeting sad mood states or gender

differences. We discussed possible reasons behind the findings.
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The influence of sad mood on inhibitory control: the role of gender differences

Inhibitory control is one of the key components of executive functions. It consists of two inter-
related cognitive processes: cognitive interference and response inhibition. Cognitive interference
inhibition keeps distracting information away from occupying cognitive resources, and response inhibition
prevents prepotent responses to interfere with the ongoing goal-related behavior (Tiego et al., 2018). As a
result, successful inhibitory control leads to selecting the most goal-relevant stimuli and responses (Bessette

et al., 2020; Dillon & Pizzagalli, 2007).

Due to the importance of inhibitory control in everyday life, the way it is affected by the internal
states (e.g., the person’s current mood) has been a topic of interest to researchers (Joormann et al., 2007;
Pessoa, 2008; see Ottowitz et al., 2002 for a review). Among different mood states, studying the relationship
between sad mood and inhibitory control is considered in clinical fields, and it is because persistent sad
mood is assumed to be the “hallmark feature of depression” (Gotlib & Joormann, 2010; p. 286). The main
questions were whether inhibitory control is compromised in depression (e.g., Gohier et al., 2009; Lemelin
et al., 1997; Lockwood et al., 2002; Kertzman et al., 2010; Siegle et al., 2004), and whether inhibitory
control deficits play any role in patients’ road to recovery (e.g., Ardal & Hammar, 2011; Schmid et al.,
2011). Despite extensive research, previous studies have not yielded consistent results in clinically
depressed individuals: some studies did not report any significant difference between the performance of
patients and their healthy peers (e.g. Markela-lerenc et al., 2006); while, some others observed impairments
in inhibitory control (e.g.,; Gohier et al., 2009; Lemelin et al., 1997; Lockwood et al., 2002; Kertzman et
al., 2010). Additionally, among those who found impairments in inhibitory control, there is not any
agreement on the nature of the impartments: For example, in completing inhibitory control tasks, Lockwood
and associates (2002) observed that depression increased the error rates, but, Lemelin et al. (1997) reported

that depression delays the performance speed and does not affect the error rate.
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To explain the inconsistent results, three reasons can be put forward: First, in different
investigations, heterogeneous groups of patients have been recruited (Caldirola et al., 2017). For example,
in some studies patients had histories of recurrent depression, while in some other studies participants had
experienced only one episode of depression. Therefore, we cannot draw a single conclusion about the
cognitive performance of these two groups (Hammar et al, 2003). Second, the task designs of different
studies have different cognitive demands. For example, the Stroop (for a review, see Scarpina & Tagini,
2017) and the Eriksen-flanker (for a review, see Hubner & Tobel, 2019) tasks are among the most used
tasks for studying inhibitory control (e.g., Dillon et al., 2015; Siegle et al., 2004). In both tasks participants
are presented with conflicting situations and are asked to attend to a goal-relevant information and make a
situation-appropriate response. Accurate performance requires inhibiting the irrelevant information as well
as suppressing prepotent responses. In particular, in the color-word Stroop task, the names of different
colors are presented in words. The color words are either written with matched ink colors (congruent trials)
or with mismatched ink colors (incongruent trials). Participants are asked to ignore — inhibit- the word
meaning and respond to the ink color. In the arrow flanker task, a target arrow is presented among the
distracter arrows. The direction of the target arrow is either similar to that of the distracters (congruent trial)
or is not (incongruent trials). Participants have to ignore —inhibit- the direction of the distracters and respond
to the direction of the target arrow. In both tasks, individuals are more likely to show slower responses and
higher error rates in incongruent trials than in congruent trials (Dillon et al., 2015; Lorist & Jolij, 2012;
Scarpina & Tagini, 2017). Regardless of similarities between two tasks, the demand of the Stroop and the
flanker tasks are completely different. That is, in the Stroop task the relevant (i.e., font color) and irrelevant
(i.e., meaning) dimensions of the information are integrated together in one visual stimulus; but, in the
flanker task the relevant (i.e., target arrow’s direction) and irrelevant (i.e., distracter arrows’ direction)
information are presented in spatially different locations. This means, different inhibitory control
mechanisms are activated to solve the conflicting situations in the Stroop and the flanker tasks (Chen et al.,
2013; Cohen & Henik, 2012; Magen & Cohen, 2002; Keller et al., 2019). Therefore, the results are not

comparable for different types of tasks. Third, in exploring the relationship between depressed mood and
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inhibitory control, the potentially confounding factors (e.g., gender and age differences) have been ignored
in many studies; while these factors are assumed to play a crucial role in manifestation of the cognitive

impairments in depression (Caldirola et al., 2017; Goldberg et al., 2003).

The development of different Mood Induction Procedures (MIPs) open new doors to manipulate
participants’ mood in the laboratory, under a more controlled environment (Gilet, 2008; Marston et al.,
1984), and study its effect on different cognitive performance. The benefits of using MIPs to explore the
effect of sad mood on inhibitory control were twofold: (1) researchers could manipulate healthy individuals’
mood and study how everyday sad mood influences inhibitory control in healthy populations; (2) they could
generalize their findings and propose how the affective component of depression (i.e., sad mood) influences
inhibition (Nixon et al., 2013). This methodology has been justifiable because the neurobiological findings
have shown that identical regions are involved in experiencing fleeting sad mood and clinical depressed
mood (Mayberg et al., 1999). Despite advantages, very few studies used laboratory-based MIPs to research
the effect of sad mood on inhibitory control (Mitchell & Phillips, 2007). Additionally, the few available
studies could not explain the nature of this effect clearly. For example, using the color-word Stroop task,
Brand et al. (1997) reported that, in comparison to the neutral mood, induced sad mood results in lower
error rates; but it does not affect the reaction time. These findings were not in-line with Chepenik et al.’s
findings (2007) showing that induced sad mood did not have any effect on the color-word Stroop task

performance.

In sum, the relation of sad mood and inhibitory control is complex, and to understand this
relationship, the characteristics of the experienced mood, the task situation, and possible confounding
factors have to be taken into the account (van der Elst et al., 2006). In the current research, we aimed to
address the shortcomings of previous investigations: We induced sad mood in healthy participants using
music MIP. This manipulation technique has been shown to be one of the most effective MIPs (Westermann
et al., 1996). To study inhibitory control performance, we utilized the color-word Stroop task. This task

belongs to the Stimulus-Response Compatibility (SRC) category which measures both cognitive
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interference and response inhibition (Tiego et al., 2018). Because some studies proposed in healthy
individuals, gender differences have a general influence on the interaction of mood and cognition (Koch et
al., 2007), we intended to compare the effect of sad mood on the Stroop task performance between male
and female participants. It is surprising that the influence of gender on the relation of sad mood and
inhibitory control has not been addressed in healthy individuals or in clinically depressed populations. To
control for the potential confounding effects of age and education level (van der Elst et al., 2006), we
recruited participants with similar educational level, within a narrow age range (20 to 27 years). These three
variables (sad mood, inhibitory control & gender differences) were not investigated together before, so we

explored possible relations among them.

Methods

Participants

Sixty undergraduate students from Amir-Kkabir University of Technology, ranging in age from 20
to 27 and without any history of mental disorders volunteered to complete the experiment. Thirty
participants (15 females) were randomly assigned to the sad mood induction state and the thirty participants
(15 females) were assigned in control (neutral) mood state. Participants had a normal or corrected-to-normal

vision.

Materials

MIP: In order to induce a sad mood state in the experimental setting, a sad piece of classical music
(i.e., Adagio for Strings by Samuel Barber) was played for participants. This piece was played for 4 minutes
and 27 seconds. Previous studies showed this piece of music is effective in inducing sad mood (Chepenik
et al., 2007; Mokhtari & Buttle, 2015). In order to induce the neutral mood, an audio file about the
geographical and historical facts was used. This audio file lasted for 3 minutes and 57 seconds. The music

and the audio files were played through headphones.
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To define the participants’ current mood score, a 7-point scale was used, in which 1 referred to very sad

and 7 refereed to very happy.

The inhibitory control task: The Persian version of the color-word Stroop task was used in this
study. This task had three sections: (1) presenting patches on red, green and blue colors, (2) presenting three
color words - “RED”, “GREEN”, and “BLUE”- in black ink (3) presenting color names in either matched
ink color (e.g., “GREEN” word which was written with green ink) or presenting color names in mismatched
color inks (e.g., “GREEN” which was written in red ink). When the color word and the ink color were
matched, the trial was called congruent and when they were mismatched, the trials were called incongruent.
The first two sections consisted of six trials. The third section consisted of 48 trials (24 congruent & 24
incongruent) which were presented randomly. Similar number of trials were used in Shao et al.’s (2015)

and Phillips et al.’s (2002) studies

Data collection procedure

Participants were informed about the task and their rights upon arrival and verbal consent was obtained.
Participants were seated before an ASUS lap top with 15/6-inch screen size. The distance between the
participant and the screen was approximately 60 centimeters. Each participant was randomly assigned to
the sad or the neutral mood induction group. The task instructions were presented on the screen, but a
brief verbal explanation was also given to each person. All participants rated their current moods on a 7-
point Likert scale. Then, they wore the headphones and listened to the audio which was played for them.
Participants of the sad mood induction group were instructed to feel the emotion of the music. The
participants of the neutral mood state were asked to listen carefully to the presented geographical and
historical information. After listening to the audios, all participants rated their current mood for the
second time on the same scale. Finally, the Stroop task was presented to the participants: In the first part
of the task, participants were required to specify the color of the patches by pressing the relevant key on
the keyboard (a red, green, and blue labels were placed on three keys of the lap top keyboard). In the

second part of the task, the participants were asked to press the key which was related to the presented
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color word. In the last part of the task, the participants were instructed to ignore the color words and
respond to the words’ ink color. Written feedback was given after each trial. If the participant made no
answer to a trail, it was terminated after 5 seconds and was considered as a wrong answer. The
experiment had a 2 (Trial type: congruent, incongruent; within-subject factor) x 2 (Mood state: sad,

neutral; between-subjects factor) x 2 (Gender: female, male; between-subjects factor) design.

Ethical procedure

The experimental design and procedure of this study were approved by the board of the biomedical
engineering department at Amir-Kabir University of Technology. The participant of this study were
volunteers who responded to advertisements located at different faculties of the university. Volunteers were
provided further details about the study and were informed about their rights. Oral informed-consent was

obtained from all participants.

Results

Data preparation

Data of two participants were excluded due to error rates exceeding 25% (both had 29.2% error
responses). For the remaining participants, trials with reaction times slower than 3000 milliseconds were
eliminated from further analysis. Similar procedure was used in previous studies (Keng et al., 2017).
After that, five more participants were removed from further analysis because more than 65% of their
responses were slower than 3000 milliseconds. The final number of participants were 13 male and 14

female participants in the sad mood group, and 12 male and 14 female participants in the neutral mood

group.
Mood Manipulation Check

In order to measure the success of the MIP, a t-test was conducted on before and after mood scores

using SPSS v.26. Data showed that, after sad mood induction, mood scores were decreased significantly
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(M =3.9, SD = 1.4) compared to before mood induction (M = 4.4, SD = 1.3), t (26) = 1.89, p = 0.03 (one-
tailed). For the neutral mood induction group, the mood score after induction (M = 4.3, SD = 1.0) was
slightly changed t (25) = -1.98, p = .03 (one-tailed) towards a positive mood state compared to before mood
manipulation (M = 4, SD =.9). Similar strategy for evaluating the mood manipulation success was used in

previous studies (e.g., Huntsinger, 2012).

Reaction Time Analysis

Reaction time analysis, using a repeated measure ANOVA, revealed that the main effect of the trial
type was significant [F(1,49) = 42.43, p < .001, 2 = .46]. That is, participants performed significantly
slower in incongruent trials (M = 2037ms, SD = 161) compared to congruent trials (M = 2124ms, SD =
162). The main effects of mood state and gender were not significant, F(1,49) = .50, p = .48 and F(1,49) =

.32, p =.58, respectively.

The interaction between trial type and mood state was significant, [F(1,49) = 4.15, p = .05, #2 = .08]. That
is, the difference between the reaction time to congruent and incongruent trials was significant in sad (61ms,
p =.002) and neutral (116ms, p < .001) mood states. Data showed the interaction between trial type and
gender [F(1,49) = .06], the interaction between mood an gender [F(1,49) = .22], and the interaction between

trail type, gender and mood [F(1,49) = .03] were not significant p = .81, .64, and .87, respectively.

Figure 1 shows the mean reaction time for the sad and neutral mood states.

Response accuracy analysis

The Response accuracy analysis, using a repeated measure ANOVA, showed that the main effect
of trial type [F (1,49) = 2.95, p = .09] and the main effect of mood state was not significant [F (1,49) = .02,
p = .9]. However, the main effect of gender was significant [F (1,49) = 7.98, p = .007, n2 = .14]. That is,
female had more accurate response (M = 98.07, SD = 3.37) relative to males (M = 95.42, SD = 4.85). Data
revealed that the interaction between trial type and gender [F(1,49) = 2.47], trial type and mood [F(1,49) =

.55], and gender and mood [F(1,49) = 1.19] were not significant p = .12, .46, and .28, respectively.
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However, the interaction between trial type, gender, and mood was significant [F (1,49) = 4.61, p =.04, n2
=.09]. The results showed that the difference between the percentage of accurate responses to the congruent
(M =99.11) and incongruent (M = 96.13) trials was only significantly different in females with a neutral
mood (p = .02). The correlation analysis revealed that there was not any trade-off between reaction time

and accuracy data in congruent and incongruent trials.

Figure 2 shows mean response accuracy for sad and neutral mood conditions in both genders.

Discussion

In this study, we intended to investigate the effect of induced sad mood on inhibitory control of
female and male participants. We assumed that manipulating the mood in the laboratory would help to
understand how everyday fleeting sad mood influence the inhibitory control. It could also facilitate
understanding the relation of depressed mood — as the hallmark feature of depression (Gotlib & Joormann,

2010; p. 286)- and inhibitory control.

Our reaction time data showed that regardless of mood states, participants had a slower reaction in
the incongruent compared to the congruent trials of the Stroop task. This means that sad mood does not
have any effect on the typical pattern of response to conflicting and non-conflicting situations. This finding
was consistent with the results of Chepenik et al. (2007), and Mitchell and Phillips (2007), but is not in line
with Brand et al.’s (1997) findings. Chepenik et al. (2007) showed that the laboratory induced mood has
very little effect on the executive functions, particularly on inhibitory control. Mitchell and Phillips (2007)
concluded that sad mood could influence inhibitory control only if the task includes emotional materials.
However, in a recent study, King (2020) claimed that MIPs arouse emotional thoughts which would occupy
cognitive resources and distract the person from the ongoing inhibitory task. This means, a sad mood state
per se does not influence the inhibitory control, but, the mood manipulation technique used in a study might

affect inhibitory control (King, 2020). For example, when a MIP includes self-referencing materials (e.g.,
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writing about sad events of a person’s life), it engages a person with her/his past emotional experiences; as
a result, the stimulated emotional thoughts and memories may occupy cognitive resources, and impede
inhibitory control performance (Seibert & Ellis, 1991). However, when a MIP include general sad materials
(e.g., listening to a sad piece of music), the stimulated thoughts are not intense and may only occupy limited
cognitive resources; and thus, they don’t distract the person from the task in hand. Similarly, we think that
the inconsistency between our findings and Brand et al.’s (1997) results is rooted in different MIPs used in
the studies. Brand and associates observed that in a sad mood, participants showed fewer error rates, in
comparison to neutral mood condition. To induce a sad mood state, they used a video MIP depicting the
procedure of electrocution of a criminal using the electric chair. The researchers have reported that more
than one-third of their participants could not watch the video clip to the end. With regard to the content of
the Brand et al.” s (1997) MIP, we postulate that inhibitory control performance, observed in Brand et al.’s
study, was not the effect of sad mood but was the result of distress. Therefore, we suggest that in drawing
conclusions regarding the effect of laboratory-induced sad mood states and inhibitory control, the

characteristics of the utilized MIP should also be considered (Mokhtari and Buttle, 2015).

Our data also showed that the overall effect of gender on the relation of laboratory-induced sad
mood and inhibitory control is not significant. The relation of these three factors has not been investigated
before, but we could think of one reason behind our finding: Deng and colleagues (2016) reported that, in
healthy populations, males and females do not differ in emotional experience of sad contents. Therefore, it
is not surprising that gender differences do not play a role in the relation of sad mood and inhibitory control

of healthy individuals.

The only significant gender effect we observed was that females outperformed males in the overall
accurate responses. We suggest that von Kluge’s (1992) findings could explain this result: She observed
that under the mild experience of anxiety, created by the experimental situation, the overall accuracy level

of men’s performance decreased in the Stroop task, but it was not observed among women.



SAD MOOD AND INHIBITION AND GENDER

The last part of our result showed that although the trend of typical Stroop effect (higher accurate
responses to the congruent Vs. incongruent trials) existed in all conditions, it only reached the significant
level in female participants with a neutral mood. We think that our experimental design might be the reason
behind this finding: in comparison with some of previous studies (e.g., Chepenik et al., 2007), we had fewer
trials for congruent and incongruent conditions in our Stroop task. Although the number of trials in the
current study was similar to the number of trials in Shao et al.’s (2015) and Phillips et al.’s (2002) studies,
we suggest that because Stroop task is not very mentally challenging, the error rate is generally low. Thus,

detecting the significant difference in accuracy level requires a higher number of trials.

To conclude, we did not observe any effect of fleeting sad mood and gender differences on
inhibitory control. We recommend that future studies should focus on the effect of different MIPs on the
relation of mood and inhibitory control. Additionally, this effect should be tested in females and males of

other age groups.
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Fig. 1 Mean reaction time values (ms) in females, males in depressed and neutral mood states. Reaction
time was slower in incongruent trials regardless of the mood state. The reaction time difference in
depressed and neutral mood states was not significant. Mean reaction time in female participants was

marginally faster than male participants. Error bars represent +1 standard error of the mean
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Fig. 2 Mean response accuracy (%) in female and male participants in two different mood states. The

percentage of the accurate responses was higher in congruent trials relative to incongruent trials regardless

of the mood state. Females had more accurate responses than males. The response accuracy difference

in two mood states was not significant. Error bars represent £1 standard error of the mean
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