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Abstract
Background: The present study aimed to evaluate the self-regulatory properties of anger on the performance of
individuals under various motivational dispositions using an experimental design.
Methods: The participants were 99 university students who participated in response to extra credit. The performance of the participants was evaluated using the Tower of Hanoi task. Their anger was measured using a facial
expression recognition system and arousal was assessed using a heart-rate monitoring device. Two motivational
dispositions were assessed: performance goals with normative evaluative standards and performance goals with a
focus on outcomes.
Results: The results indicated that a nonlinear function explained the relationship between anger, arousal, and
achievement under different goal conditions. Specifically, the Cusp Catastrophe Model showed that anger levels
beyond a critical point were associated with the unpredictability of performance during the normative goal condition, suggesting that anger disturbed the relationship between arousal and achievement. Interestingly, a linear model
was relevant for explaining the same relationships during the outcome goal condition.
Conclusion: Thus, this study concluded that anger plays a more salient role when coupled with the pressures arising
from employing interpersonal evaluative standards.
Keywords: Normative, Outcome goal orientations, Arousal, Anger, Tower of Hanoi, Self-regulation
Background
Research on motivation and self-regulation [1, 2] has
suggested that helping individuals acquire self-regulatory skills promotes adaptability and coping with social,
environmental, and academic demands. Zimmerman
further proposed that highly motivated individuals can
self-monitor their own goals, engage in self-control, and
are more academically successful. Successful self-regulation requires remaining focused on a task, thus, having
the capacity to regulate both attentional and emotional
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processes at hand when facing competing alternatives to
temporarily distant but important goals. To be successful over the long term, students need to make appropriate
choices, engage in goal-directed actions, be efficacious,
have self-control and grit, be proactive, and be able to
delay gratification. Ample studies confirmed the theses of
Zimmerman’s theory [3–6]. Among predictors of effective self-regulation, motivation has undoubtedly been a
major factor. Below is a description of achievement goal
theory and its role in effectively regulating debilitating
emotions such as anger. Initially, there is a description of
advances in goal theory, followed by a conceptualization
of anger as a discrete emotion.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visithttp://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Antoniou et al. BMC Psychology

(2022) 10:106

Achievement goal theory: description and empirical
findings

Achievement goal theory originated from the dichotomization of intrinsic and extrinsic motivation as means
of elaborating on these two main constructs. At first,
two sets of goals were put forth: mastery and performance. Mastery goals place their emphasis and focus
on the ongoing mastery of an activity, drawing motivation and positive value from the activity itself. Given
that they tap internal processes that reside on value and
interest, mastery goals are expected to foster positive
emotions and have negative associations with negative emotions. Performance goals, on the other hand,
have traditionally focused on proving performance
using interpersonal standards of success, thus, mainly
by outperforming others. Grant and Dweck, in their
study, that distinguished normative and outcome performance-approach goals [7], pointed to the need to
distinguish between various types of performance goals
through evaluating the motivational focus especially
those with and without normative evaluative criteria.
They justified this proposition on the fact that normative comparisons are grounded in educational practices using grades, postings, etc. Furthermore, Grant
and Dweck found that both types of goals manifested
themselves with a less adaptive pattern of cognitive,
affective, and behavioral variables than the one manifested by mastery approach goals, and a more adaptive pattern than that manifested by ability validation
goals, which, by definition, involve self-worth concerns.
Although they reported little effects of normative goals
across a host of affective, cognitive, and behavioral processes, they did manifest a positive association with
perceived ability, and a negative association with deep
processing of the material. Outcome goals were associated with a host of variables, but the pattern of results
was mixed including loss of motivation but also active
help-seeking.
These findings highlight the need for further investigation of the psychological experiences associated
with pursuing normative and outcome performance
goals with the main hypothesis put forth suggesting
the presence of saliently different emotional experiences. Although both goals focus on performance, the
emphasis on absolute performance standards in outcome performance goals compared to the interpersonal
social-comparative standards in normative performance goals is likely to guide students in setting different objectives, monitoring and attending on different
cues, interpreting feedback in diverse ways, and coping
differently when challenged, given the moderating roles
of emotions.
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Discrete emotions and anger

Following the distinction between state and trait emotions [8–10], students’ achievement emotions can be
seen as affective states that are experienced within specific situations, are brief, are habitual and define students’
current and future emotional tendencies [11, 12]. Studies
have found that highly prevalent in classroom settings are
the emotions of enjoyment, anger, boredom, and anxiety
[13–17]. There is high consensus among emotion theorists that anger is generated by judgments of personal
responsibility, especially when the cause of failure is
rooted in the lack of effort [18, 19]. Anger is experienced
when a learning activity is negatively or positively valued
[11] and is often considered to be approach-related, promoting an effort to restore desired states [20–23].
Anger and self‑regulation

Based on evolution theory, anger represented an
approach-mechanism to help humans survive through
energizing necessary cognitive and physical resources
by confronting human or animal threats [24, 25]. Thus,
a person may utilize anger by intentionally elevating
physiological arousal in order to cope with a threat [26–
34] and respond adaptively to environmental pressures
[21–23]. Using the emotion as social information (EASI)
theory [35], anger results in the provision or relevant and
useful information in order to cope with environmental
demands in non-academic [36, 37] and academic environments [11, 16, 17, 38]. Therefore, experiencing anger
can motivate behavior by representing an approach coping mechanism [39–41]. When anger, however, signals
a person’s lack of control to cope with environmental
demands [38, 42–44] self-worth threats may become
prevalent [45]. Given that performance goals have been
linked to self-worth threats, and experiences of hopelessness, incompetence, desperation, and lack of control [46–
51] it will be important to evaluate the role of anger when
performance goals are operative.
The nonlinear framework and the regulatory properties
of anger

The research work that has established associations
among achievement goal theory, emotion, and selfregulatory processes was based predominantly on linear methodologies. There has been evidence that under
certain circumstances, specific nonlinear processes are
operative, which cannot be captured by the use of linear
models. These concern sudden shifts and discontinuities in behavior [52], which can be modeled by fostering
a complex dynamical systems (CDS) perspective. Part of
this nonlinear framework is catastrophe theory (CT), a
mathematical premise [53] that describes discontinuous
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Fig. 1 Description of the cusp model within the context of the present study. When asymmetry and bifurcation levels are low, the relationship
between the focal variables is expected to be linear (Pattern A). When levels in the bifurcation variable increase beyond a specific critical threshold,
Pattern B is expected to be associated with non-linearity. HRPM heart rate per minute

changes in a system between qualitatively different states
or behavioral modes. These distinct states are the attractors of the systems, and represent the behavioral space
in which the system moves. Transitions between attractors are nonlinear phenomena that CT models can capture and interpret. The cusp catastrophe model describes
shifts between two attractors [54], which, for a cognitive
system, might represent optimal versus suboptimal performance. The cusp model posits that changes between
two behavioral attractors are predicted by two control parameters: asymmetry (a) and bifurcation (b). The
mathematical expression of the cusp is given by the following Eq. (1), which involves a potential function f(y; a,
b):


f y; a, b = ay + 1/2by2 − 1/4y4

(1)

Equation 1 represents a dynamical system seeking optimization expressed by the first derivative (Eq. 2) setting
equal to zero:
 
δf y /δy = −y3 + by + a

(2)
The three-dimensional equilibrium response surface
of the cusp model derived from Eq. 2, depicted in Fig. 1,
describes the patterns of behavior as a function of a and
b. At the back part of the surface, where bifurcation has
low values, the behavioral change is smooth and gradual
since linear relationships are held between predictors
and the outcome. However, when bifurcation increases
beyond a critical value, the behavioral variable becomes
bimodal, and the changed behavior involves abrupt
moves between opposing behavioral modes. The nonlinear effects posited by the cusp model described here
are expected to be present during the normative goal
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condition for which self-regulation failure is imminent
given enhanced arousal.
In the present context, in the shift between the attractor of high performance and the attractor of low/suboptimal performance, under certain conditions, anger
can act as a negative emotionality manifestation, and
also as a bifurcation variable. Previous research reports
have established that during the normative goal condition, which is susceptible to affective influences [55], it is
expected that students’ self-regulation processes would
be disrupted. Furthermore, affective experiences can
moderate cognitive performance, as suggested by several
theoretical frameworks [56–59]. Thus, cusp modeling is a
potential candidate for modeling these behavioral modes.
Owing to the dynamical nature of the self-regulation
processes and given the sensitivity of the parameters,
extreme values of negative emotion, i.e., anger, may
induce nonlinear effects manifested with bimodality, thus
introducing uncertainty in the system. Focusing on the
role of emotions in situations of achievement, empirical
evidence for nonlinear effects has shown that anger, along
with other negative emotions, is a potential bifurcation
factor as it can drastically affect self-regulation [60]. That
study tested the proposition that negative emotions during the pursuit of normative performance-approach goals
are associated with uncertainty and chaos in help-seeking
behavior through a mechanism of affective dysregulation
(AD). Thus, it is reasonable to seek further empirical evidence demonstrating the crucial role of anger; the present study attempts to test this intriguing hypothesis by
engaging a novel theoretical framework, that of complex
dynamical systems.
Importance of the present study

Studies have shown that the acquisition of self-regulatory
skills plays a salient role in students’ academic endeavors
[61–64]. What is less researched, however, is the role of
emotions or the interplay between motivations and emotions during task pursuit. As Linnenbrink-Garcia and
Pekrun [65] state, there is a need to better understand
how emotions unfold and reciprocally relate to motivation, cognitive processes, and academic performance
across time.
Anger as a discrete emotion is traditionally perceived as
a negative affective state although empirical findings have
provided links to also the approach motivational system [66]. Anger has been linked with assertiveness [67,
68], instrumentality [69], and toughness [70, 71]. Similarly, although anger, anxiety, and shame are inherently
assumed to reduce intrinsic motivation as negative emotions tend to be incompatible with enjoyment, as implied
by interest and intrinsic motivation, they can induce
strong motivation to cope with negative outcomes. For
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example, task-related anger may be assumed to trigger
motivation to overcome obstacles [72] in non-achievement situations. Negative activating emotions may
impair achievement by reducing the intrinsic value and
by producing distracting and irrelevant thinking. However, they may also benefit achievement by strengthening extrinsic motivation. Students’ anger may lead to high
levels of subjective control, as well as valuing the need to
win [73]. Due to both the engagement of different theoretically based activation schemes and the contradictory
empirical findings, it is unclear how anger may be associated with self-regulation of behavior and performance in
achievement situations. Thus, the presents study aimed
to investigate the self-regulatory properties of anger and
physiological arousal as a function of both a challenging
task and the induction of various achievement-threatening and non-threatening motivational orientations.
Hypotheses

This study focused on achievement as a dependent variable assuming that students’ performance is affected by
the levels of arousal since a basic stimulation is required
to perform a task, as a means of mobilizing the person
and orienting him/her toward a goal. Low levels in heart
rate per minute (HRPM) likely signal apathy, wherea high
HRPM demonstrated enhanced arousal. ModerateHRPM
rates (i.e., between 60 and 100 pulses per minute) likely
indicate that a person is awakened and mobilizes the cognitive resources necessary to attain self-regulation. Thus,
the arousal-based heart rate can serve as the asymmetry
factor in a cusp model. However, during the task, the elevated level of arousal can play another role; and given its
association with emotion, along with anger, are the variables that have an affective influence and are expected
to be potential disruptors of the self-regulation process.
Thus, both arousal–heart rate during tasks and anger can
jointly act as bifurcation variables. The nonlinear effects
sought via the above design are expected to be manifested under only the normative performance-approach
goal condition, where changes in negative affectivity during task engagement might lead to the disruption of the
self-regulation process. The overall objective of the present study is the comparison of the regulatory properties
of normative versus outcome goals predicting performance and positing specific roles for physiological anxiety and anger.

Method
Participants and procedures

The participants in the present study were 99 university
students (70 females and 29 males) from two state universities. The unequal male to female ratio is due to the overrepresentation of females in education and psychology.
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They participated in the experiment in exchange for
extra credit in their courses in psychology, education,
and economics. After being assured about the confidentiality of their responses, participants were provided with
a general and least precise purpose of the study as one
that intends to evaluate information processing and emotions during achievement situations. Participants were
informed that they could withdraw their participation at
any time during the experiment, and they were encouraged to not take part in a specific day if they had any
health-related concerns (sickness, fatigue, lack of motivation, etc.). The participants answered all questions and
signed an informed consent form before commencing the
study. First, the participants wore a commercial heartrate monitoring device and were randomly assigned to
one of two experimental conditions. They were subsequently seated individually in front of a computer, and a
calibration process ensured proper lighting and the efficacy of the software in capturing their facial expressions
accurately. During the calibration process, participants
completed a series of self-report scales, read the instructions, and answered task-related questions. Engagement
with the task lasted approximately 15 min for the majority of the participants. Participants were then debriefed
and thanked for being part of the experiment. There were
50 and 49 participants in the normative goal condition
and the outcome goal condition, respectively.

actual number of towers that the participant could fill up
with discs.

Measures
Achievement task

Validation of experimental manipulations

The performance of the participants in the successful
completion of the Tower of Hanoi task was measured.
They were required to move the discs from the left to the
right using ordered disc sizes (Fig. 2). It was developed in
1883 by Lucas, a French mathematician, as a measure of
executive function and information processing capacity
[74]; it has also been linked strongly to fluid intelligence
[75]. The participant was required to move all discs from
towers 1 and 2 onto Tower 3, without, placing a larger
disk onto a smaller disk and without moving two discs at
the same time. The task commenced when all discs were
placed on the left side tower, and only the top disc of the
tower could be manipulated at a given time. The task was
computerized and the time spent was also monitored.
The number of moves was unrestricted, and the participants could make use of help cards that provided cues on
how to solve problems. Past research has shown that the
Tower of Hanoi task, albeit brief, represents moderate to
high levels of challenge in adults (e.g., [76]); thus, it was
deemed appropriate to evaluate the emotional manifestation of adaptive motives but more so, of maladaptive
motives such as those residing on interpersonal comparisons [77]. The achievement was estimated based on the

Experimental conditions

The experimental manipulations involved creating conditions related to normative performance goal orientations
that are based on interpersonal standards and outcome
performance goals that target and value specific outcomes, irrespective of the performance of others [7].
The instructions for goal-framing conditions followed
the directions of past research [60, 78–80] and were as
follows.
Normative performance‑approach goals

“This is a challenging task that will take about 15 minutes
of your time. The goal is to do better than all other students who take this task. We would like you to try and
outperform everyone else. At the end of the experiment,
we will post everyone’s scores on the bulletin board, from
best to last. So, try to do your best and outperform everyone else.”
Outcome performance‑approach goals

“This is a challenging task that will take about 15 minutes
of your time. The goal is to perform as best as possible
on this task. We would like you to try and do your best in
this task according to your own standards.1”
At the end of the task, participants had to verbally repeat
the instructions posited by the experimenter; that is, they
were asked to repeat what they were trying to accomplish. Ninety-eight percent of the participants (n = 97)
repeated the instructions properly and comprised the
sample of the present study; two were excluded because
they failed to recall the initial directions.
Arousal

A commercial valid heart-rate monitoring device was
used to assess the participants’ physiological responses
during the execution of the task. Research has shown
that the specific model (Polar 810i) has ample testimonies on its validity [81, 82]. Data were collected at 10-s
intervals and were subsequently transferred to the database for analysis. Both the baseline heart rate (BLHR) and

1

Outcome goals have often been defined using absolute standards of success
such as good grades or attaining a specific level of performance. In the present study, the absolute standard (i.e., achieve the best possible performance)
was supplemented with a perceived emphasis on the judgment of that absolute standard. This extension has been implemented in order to induce a goal
condition for which intra-individual rather than inter-individual standards of
performance would be tested.
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Fig. 2 Screenshot of Tower of Hanoi task. Screenshot of the computerized version of the Tower of Hanoi cognitive task (upper panel) and an error
in transferring the elements (lower panel)

the heart rate during the task (HRDT) were recorded and
used.
Anger

The participants’ facial expressions were assessed using a
commercial application, “Face Reader.” The face reader is
a system comprising both hardware and software aimed

at providing a valid measurement of a person’s facial
expressions. It utilizes an artificial neural network that
aims to detect Ekman’s six basic emotions: happiness,
sadness, anger, surprise, fear, and disgust [83–85]. In the
present study, only anger was manipulated. Accuracy
rates of face recognition have been reported to have a
mean of 89% across emotions [86].

Antoniou et al. BMC Psychology

(2022) 10:106

Page 7 of 13

The identification of emotion processing involves four
steps: (a) the application of a template to face location,
(b) the utilization of the active appearance model to
reconstruct the face using 55 key elements, (c) estimation of various levels between areas, which is estimated
using a large database containing annotated images, and
(d) the final classification of facial expressions based on
both the training and application of an artificial neural
network, which was also initially trained to classify the
six basic emotions. The process of recognition considers
demographic and facial information such as participant’s
age, ethnicity, gender, amount of hair, the existence of
beards, and/or the wearing of glasses. All data were collected in real-time and per second, following instrument
calibration.

Table 1 Parameter estimates of the cusp model for the
prediction of achievement from physiological arousal and
feelings of anger in the normative and outcome goal conditions

Data analysis

Data analysis for cusp catastrophe was carried out using
the cusp probability density function [87]. This analysis
uses the maximum likelihood [88] and is performed with
a cuspfit in R. The cuspfit utilizes numerical procedures
for parameter estimates by minimizing a negative loglikelihood function, and a comparison of the cusp model
with the alternative linear and logistic model is provided
using AIC (Akaike’s Information Criteria) and corrected
AIC and BIC (Bayesian Information Criteria) indices
[89]. In the present analysis, the achievement was the
dependent measure, while arousal–baseline heart rate
was the asymmetric variable and arousal–heart rate during the task along with anger were the bifurcation variables. Evidence in favor of the cusp model is indexed by
non-normal responses within the bifurcation area, data
within the bifurcation area being approximately 10% of
the total number of data or more, and the presence of
skewed distributions outside the bifurcation area (left
and right sides of the response surface). Furthermore,
lower information criteria values (i.e., using AIC and
BIC) are expected when the cusp model is the preferred
model compared to the competing models. Last, differences between nested linear and cusp models using a chisquare difference test are also expected. The model was
run using standardized variables for interpretation purposes and separately for normative and outcome performance goal conditions. The results are shown in Table 1,
with parameter estimates for intercepts and slopes for
both goal conditions. A power analysis was estimated
for a predictive model using 3 independent variables.
For power levels equal to 80% and a medium effect size
(f-squared = 0.15), a sample size of n = 77 is required
using a two-tailed test with alpha = 5%. Thus, the present study involving a sample size of n = 83 possessed
adequate levels of power when testing our multivariate
models’ effects.

Variable

B

S.E.

Z-value

p-value

− 0.067

0.274
0.170

− 0.248

0.804

0.267

1.575

0.115

b(Intercept)

0.459

0.006

81.625

0.001***

b(Anger)

0.521

0.035

15.091

0.001***

b(Heart Rate During Task)

0063

0.032

1.970

0.049*

w(Intercept)

− 0.027

0.168

− 0.160

0.873

13.838

0.001***

Normative performance goal condition
a(Intercept)
a(Baseline Heart Rate)

w(Achievement)

0.915

0.066

Outcome performance goal condition
a(Intercept)

0.343

0.328

1.046

0.296

a(Baseline Heart Rate)

0.149

0.165

0.901

0.368

b(Intercept)

− 0.321

0.016

0.001***

0.119

0.201

− 19.489
0.590

0.555

b(Heart Rate During Task)

0.401

0.265

1.511

0.131

w(Intercept)

0.304

0.168

1.810

0.070

w(Achievement)

0.787

0.050

15.810

0.001***

b(Anger)

***p < . 001; **p < .01; *p < .05, two-tailed tests

Results
Goals, physiological arousal, anger and achievement

As shown in Table 1, in the normative performance
goal condition, both bifurcation parameters, heart rate
per minute during the task, and observed manifestations of anger were significant determinants of a cusp
(bHRPM = 0.063, p < 0.05; bAnger = 0.521, p < 0.001). The
immediate interpretation from the analysis is that when
angry facial expressions are coupled with physiological
anxiety, achievement behavior becomes unpredictable
and enters a state of uncertainty before eventually again
regulating the system toward a stable behavior. Table 2
shows the superiority of the cusp model over the linear
and logistic models using the information criteria. Specifically, the cusp model was associated with lower values
of the AIC, corrected AIC indices, and BIC. Furthermore,
the R-squared values were 33.6%, 15.9%, and 7.7% for the
cusp, logistic, and linear models, respectively, indicating the superiority of the cusp model. A Chi-square test
indicated the presence of significant differences between
the cusp and linear models [χ2(2) = 7.513, p < 0.05] and
between the logistic and cusp models using a one-tailed
test [χ2(1) = 3.340, p < 0.05, one-tailed test]., adding further evidence to the preference for the cusp model. Figure 3 shows the density functions in various areas of the
control space. As expected, skew and bimodality or multimodality, and generally the absence of normality, were
observed across various areas in the response surface
[89]. Finally, Fig. 4 shows that most observations lie on

Antoniou et al. BMC Psychology

(2022) 10:106

Page 8 of 13

Table 2 Estimates of model fit for linear, logistic, and cusp
competing models by goal condition
Model tested

N. of Par

AIC

AICc

BIC

R2 (%)

Normative performance goal condition
Linear model

5

116.251

118.126

124.439

7.8

Logistic model

6

114.735

117.445

124.561

15.9

Cusp model

7

112.738

116.472

124.201

33.6

Outcome performance goal condition
Linear model

5

231.282

232.282

243.192

3.4

Logistic model

6

225.562

226.712

239.854

12.3

Cusp model

7

233.696

235.252

250.370

− 0.02†

N = number of estimated parameters; AIC = Akaike information criterion;
AICc = corrected Akaike criterion; BIC = Bayesian information criterion

†
As noted in the text R-square values using cusp can take on negative values
and that was evident when modeling achievement in the outcome performance
goal condition

the upper and lower surfaces, with some oscillating from
the upper to the lower surface and within the bifurcation
area.
During the outcome performance goal condition, the
cusp was the worst model to fit the data compared to
both the linear and logistic models using information
criteria (see Table 2). The linear model accounted for
3.4% of the variance, logistic, 12.3%, and cusp, 0%. Furthermore, the difference between linear and cusp models
using the chi-square test was found to not be significant
(χ2(2) = 1.585, p > 0.05), but the difference between cusp
and logistic models was significant pointing to the superiority of the latter [χ2(1) = 6.134, p < 0.05], suggesting
again that the cusp model was not preferred amongst all
competing models. When looking at the magnitude of
the coefficients, none of the bifurcation variables were
linked to achievement in a significant manner within the
cusp model. Therefore, the results supported the research

Fig. 3 Conditional densities of observations at various locations on the space surface. The presence of multimodality and skew are evident at
various locations in the response surface as they are expected when the cusp model fits the data well. The area in which non-normality in the
form of spikes is expected is within the bifurcation area (bottom right), which is also difficult to attain when the expectation is that only 10% of the
observations are required to fall in this area. Nevertheless, the shape of the function suggests the presence of almost a uniform distribution, which
again deviated considerably from the normal curve that is expected when linear relationships are evident
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High
Low

Achi evement

Fig. 4 Cusp catastrophe model with observations moving from the stable upper attractor to the lower attractor thus, entering the bifurcation area
of uncertainty and unpredictability. Thus, the fold of the upper surface indicates that observations fall within the uncertainty and unpredictability
area

hypothesis that the cusp model is most appropriate for
normative evaluative standards and the linear model for
outcome goals.

Discussion
The present study aimed to test a nonlinear hypothesis
related to the role of anger under achievement pursuits,
specifically during two contexts of performance goals:
those associated with normative evaluative standards and
those associated with outcome evaluative standards. It
was shown that the pursuit of normative performanceapproach goals is associated with discontinuities in students’ achievement through a mechanism of affective
dysregulation.
Model interpretation and links to theory

Although the linear relationship between achievement
and baseline HRPM was not empirically supported, the
roles of HRPM during the task and anger as bifurcation variables were demonstrated in this study. At low

values of negative affectivity, low arousal, and low anger,
changes are smooth, linear, and predictable. When anger
covaries with high arousal and both reach a critical
threshold value, the system reaches uncertainty, turmoil,
and demonstrated sudden shifts between the behavioral
attractors. This critical event suggests the presence of a
bifurcation point which drives behavior to unpredictability as it is being drawn across a wide range of modes (see
Fig. 4). In other words, within this area of uncertainty
(termed inaccessibility) behavior can take on any form,
adaptive or maladaptive. In dynamic systems theory, this
phenomenon is termed hysteresis, as individuals with
equal levels in the independent variables (asymmetry
and bifurcation) may end up with diverse academic outcomes, before reaching self-organization [90].
The behavior observed post-task, is a result of a complex course of actions involving circular interactions
among cognitive and affective components, similar to
the self-regulation process described earlier [1, 2, 6].
Interestingly, behavior cannot be explained using a linear
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understanding of relationships between variables but
only using dynamical systems. The nonlinear behavior
is explained by the dynamic character of the system and
the underlying self-organization mechanics (Molenaar
and Raijmakers, 2000; [91]). Self-organization theory
portrays the interactions among the contributing components of a system that operates in a state of high entropy
and far-from-equilibrium conditions, where it functions
more efficiently and adapts to environmental fluctuations
(Prigogine and Stengers, 1984; [92]). The present empirical work contributes to theory development, embracing
achievement goal theory, and emotions within their theses. In this framework, the regulatory properties of anger
were elucidated in goal conjunction with performance
orientations/structures. Furthermore, this work demonstrated the existence of links and interactions among cognitive, affective, and attitudinal components in human
psychological processes.
From the preceding analysis, it was shown that for
performance-oriented students under normative “pressures”, affect may dominate their ability to self-regulate
and achieve optimal performance outcomes. This is in
line with anecdotal reports on affective dysregulation
observed for performance-oriented individuals (e.g.,
[93]). The other important contribution of this study is
the suggestion that concomitant arousal (HRPM) and
anger under the normative performance goal condition
explain achievement using non-linear terms. This empirical evidence supports the theoretical perspective that
emotional dysregulation leads to behavioral dysregulation and subsequent unpredictability in behavior. For low
levels of arousal and anger, a linear relationship is anticipated as low levels of arousal that do not become stressful may not be capable of seriously distorting individuals’
performance. When arousal and anger surpass a critical
threshold, the self-regulation mechanism is excessively
disturbed, so students’ performance becomes unpredictable as volitional behavior is governed by heavy tasks
and emotional demands. Unsurprisingly, under outcome
goals, levels of arousal and anger seem easily manageable
by psychological systems that succeed in maintaining
behavior within the linear regime, avoiding unanticipated
sudden transitions. Hence, it can be inferred that severe
affective experiences under normative pressures manifested with concomitant effects of both physiology and
facial reactions are likely to be linked to self-regulation
failure.
The present study’s findings deviated markedly from
previous reports (e.g., [7]), which suggested the unification of the two types of performance goals. Thus, it can
be said conclusively, that two divergent motives focus on
performance outcomes; however, a direct link to normative evaluative standards is associated with emotional
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dysregulation, cognitive overload, and decrements in
performance.
Another important inference that can be drawn from
the present findings is the peculiar role of anger under
different circumstances. For example, anger has been
found to trigger aggression [94] and goal-directed behavior [95] but also can help to motivate individuals during
task engagement [96, 97]. Thus, anger can act in both
approach [98] and avoidance terms [99]. In the current
study, anger was linked to self-regulation failure.
The present study has several limitations. First, the present findings need to be replicated with future samples to
ensure stability of the results and generality to additional
populations. Second, an “angry” facial expression may
represent divergent motivational behaviors. For example, a person may react angrily and then focus and persist or be distracted and avoidant. In the present study we
did not test for different manifestations of anger. Third,
there may be other important factors and their interactions (e.g., past failures, hopelessness, helplessness) that
may be responsible for a total “shut down” and failure,
which should be investigated along with achievement
goals in future studies. Fourth, crucial mechanisms that
are responsible for the interdependencies between the
two motives need to be explored under additional cooperative and competitive structures, including tests for
the mediating roles of effort and persistence (e.g., [100]).
Last, the analytical methodology implemented here has
also not been free of criticism [101, 102]. We believe that
the findings of the present study, however, open up a new
avenue of investigations that can explore within the CDS
framework, the emotional links to self-regulation processes in academic and social behaviors, in the context
of goal orientations described by Grant and Dweck [7]
and in the re-conceptualized frameworks of achievement
goal theory put forth by Elliot and Murayama [103]. It
is concluded that exploring the role of anger and negative affectivity within complex dynamical system theory
will shed light on many aspects of human self-regulation
mechanisms involving emotional and cognitive processes
and outcomes.
Acknowledgements
We would like to acknowledge and sincerely thank the Deanship of Scientific
Research (Taif University) for funding the current project- Taif University
Researchers Supporting Project number (TURSP-2020/334), Taif University,
Taif, Saudi Arabia. We are also grateful to Georgios Sideridis for reviewing the
manuscript and for providing useful suggestions.
Author contributions
FA, GK, and AV wrote the main manuscript. DS run the models and contributed to the write-up of the results of the study. All authors read and approved
the final manuscript.
Funding
This project is funded by Taif University Researchers Supporting Project number (TURSP-2020/334), Taif University, Taif, Saudi Arabia.

Antoniou et al. BMC Psychology

(2022) 10:106

Availability of data and materials
Data are available from the following repository which includes an SPSS data
file and a readme file with a description of the relevant variables. It is located
here: https://github.com/GS1968/Anger.

Declarations
Ethics approval and consent to participate
All methods carried out in the present study were in accordance with relevant
guidelines and regulations and specifically the Declaration of Helsinki. Furthermore, the study’s experimental protocol was approved by the Ethics committee of the Department of Psychology at the University of Crete while the first
author was a part-time lecturer. Written informed consent was collected from
all participants prior to the commencement of the study.
Consent for publication
Not applicable.
Competing interests
I Faye Antoniou declare that the authors have no competing interests as
defined by BMC, or other interests that might be perceived to influence the
results and/or discussion reported in this paper.
Author details
1
Department of Educational Sciences, National and Kapodistrian University
of Athens, Athens, Greece. 2 Department of Psychology, College of Arts, Taif
University, P.O. Box 11099, Taif 21944, Saudi Arabia. 3 School of Philosophy
and Education, Aristotle University of Thessaloniki, Thessaloniki, Greece.
4
Department of Primary Education, University of Western Macedonia, Kozani,
Greece.
Received: 17 November 2021 Accepted: 14 April 2022

References
1. Zimmerman BJ. Investigating self-regulation and motivation: historical
background, methodological developments, and future prospects. Am
Educ Res J. 2008;45:166–83.
2. Zimmerman BJ. From cognitive modeling to self-regulation: a social
cognitive career path. Educ Psychol. 2013;48:135–47.
3. Baumeister RF, Vohs KD. Self-regulation, ego depletion, and motivation.
Soc Pers Psychol Compass. 2007;1(1):115–28.
4. Bembenutty H, Cleary TJ, Kitsantas A. Applications of self-regulated
learning across diverse disciplines: a tribute to Barry J. Zimmerman.
Charlotte: Information Age Publishing; 2013.
5. DiBenedetto MK, Bembenutty H. Within the pipeline: self-regulated
learning, self-efficacy, and socialization among college students in
science courses. Learn Individ Differ. 2013;23:218–24. https://doi.org/10.
1016/j.lindif.2012.09.015.
6. Zimmerman BJ, Schunk DH. Handbook of self-regulation of learning
and performance. New York: Routledge; 2011.
7. Grant H, Dweck CS. Clarifying achievement goals and their impact. J
Pers Soc Psychol. 2003;85:541–53.
8. Cattell RB, Scheier IH. The meaning and measurement of neuroticism
and anxiety. New York: Ronald Press; 1961.
9. Gross JJ. The emerging field of emotion regulation: an integrative
review. Rev Gen Psychol. 1998;2(3):271–99.
10. Gross JJ. The handbook of emotion regulation. New York: Guilford Press;
2007.
11. Pekrun R. The control-value theory of achievement emotions: assumptions, corollaries, and implications for educational research and practice. Educ Psychol Rev. 2006;18:315–41.
12. Pekrun R, Perry RP. Control-value theory of achievement emotions. In:
Pekrun R, Linnenbrink-Garcia L, editors. International handbook of emotions in education. New York: Routledge; 2014. p. 120–41.
13. Goetz T, Frenzel AC, Pekrun R, Hall NC, Lüdtke O. Between- and withindomain relations of students’ academic emotions. J Educ Psychol.
2007;99:715–33.

Page 11 of 13

14. Pekrun R, Goetz T, Titz W, Perry RP. Academic emotions in students’ selfregulated learning and achievement: a program of quantitative and
qualitative research. Educ Psychol. 2002;37:91–105.
15. Pekrun R, Elliot AJ, Maier MA. Achievement goals and discrete achievement emotions: a theoretical model and prospective test. J Educ
Psychol. 2006;98:583–97.
16. Matthews G, Zeidner M, Roberts RD. Emotional intelligence: science
and myth. Cambridge: MIT Press; 2002.
17. Pekrun R, Elliot AJ, Maier MA. Achievement goals and achievement
emotions: testing a model of their joint relations with academic
performance. J Educ Psychol. 2009;101:115–35.
18. Averill JR. Anger and aggression: an essay on emotion. New York:
Springer; 1982.
19. Frijda NH. The emotions. Cambridge: Cambridge University Press;
1986.
20. Carver CS, Harmon-Jones E. Anger is an approach-related affect:
evidence and implications. Psychol Bull. 2009;135:183–204.
21. Izard CE. Human emotions. New York: Plenum Press; 1977.
22. Lazarus RS, Smith CA. Knowledge and appraisal in the cognition
emotion relationship. Cogn Emot. 1988;2:281–300.
23. Plutchik R. Emotion: a psychoevolutionary synthesis. New York: Random House; 1980.
24. Tamir M. What do people want to feel and why? Pleasure and utility
in emotion regulation. Curr Dir Psychol Sci. 2009;18:101–5.
25. Tamir M. Why do people regulate their emotions? A taxonomy of motives in emotion regulation. Pers Soc Psychol Rev.
2016;20:199–222.
26. Averill JR. Studies on anger and aggression. Implications for theories of
emotion. Am Psychol. 1983;38:1145–60.
27. Ekman P. Emotions revealed: recognizing faces and feelings to improve
communication and emotional life. New York: Times Books/Henry Holt
and Company; 2003.
28. Lazarus RS. Progress on a cognitive-motivational-relational theory of
emotion. Am Psychol. 1991;46:819–34.
29. Lazarus RS. Emotion and adaptation. New York, NY: Oxford University
Press; 1991.
30. Niemann J, Wisse B, Rus D, Van Yperen NW, Sassenberg K. Anger and
attitudinal reactions to negative feedback: the effects of emotional
instability and power. Motiv Emot. 2014;38:687–99. https://doi.org/10.
1007/s11031-014-9402-9.
31. Carson CL, Cupach WR. Facing corrections in the workplace: the influence of perceived face threat on the consequences of managerial
reproaches. J Appl Commun Res. 2000;28(3):215–34.
32. Cupach WR, Carson CL. Characteristics and consequences of interpersonal complaints associated with perceived face threat. J Soc Pers Relat.
2002;19(4):443–62. https://doi.org/10.1177/0265407502019004047.
33. Beaudry A, Pinsonneault A. The other side of acceptance: studying the
direct and indirect effects of emotions on information technology use.
MIS Q. 2010;34(4):689–710.
34. Ingber DE, Folkman J. How does extracellular matrix control capillary
morphogenesis? Cell. 1989;58(5):803–5.
35. Van Kleef GA. How emotions regulate social life: the emotions as social
information (EASI) model. Curr Dir Psychol Sci. 2009;18:184–8.
36. Cacioppo JT, Gardner WL. Emotion. Annu Rev Psychol. 1999;50:191–214.
37. Keltner D, Haidt J. Social functions of emotions at four levels of analysis.
Cogn Emot. 1999;13:505–21.
38. Folkman S, Lazarus RS, Dunkel-Schetter C, DeLongis A, Gruen RJ.
Dynamics of a stressful encounter: cognitive appraisal, coping and
encounter outcomes. J Pers Soc Psychol. 1986;50:992–1003.
39. Van Kleef GA, De Dreu CKW, Manstead ASR. The interpersonal effects of
anger and happiness in negotiations. J Pers Soc Psychol. 2004;86:57–76.
40. Sy T, Côté S, Saavedra R. The contagious leader: impact of the leader’s
mood on the mood of group members, group affective tone, and
group processes. J Appl Psychol. 2005;90:295–305.
41. Van Kleef GA, Homan AC, Beersma B, Van Knippenberg D. On angry
leaders and agreeable followers. How leaders’ emotions and followers’
personalities shape motivation and team performance. Psychol Sci.
2010;21:1827–34. https://doi.org/10.1177/0956797610387438.
42. Tamir M. Don’t worry, be happy? Neuroticism, trait-consistent affect
regulation, and performance. J Pers Soc Psychol. 2005;89:449–61.

Antoniou et al. BMC Psychology

(2022) 10:106

43. Tamir M, Chiu CY, Gross JJ. Business or pleasure? Utilitarian versus
hedonic considerations in emotion regulation. Emotion. 2007;7:546–54.
44. Tiedens LZ, Ellsworth PC, Mesquita B. Stereotypes about sentiments
and status: emotional expectations for high- and low-status group
members. Pers Soc Psychol Bull. 2000;26:500–74.
45. Han S, Lerner JS, Keltner D. Feelings and consumer decision making:
the appraisal-tendency framework. J Con Psychol. 2007;17(3):158–68.
46. Pekrun R. The impact of emotions on learning and achievement:
towards a theory of cognitive/motivational mediators. Appl Psychol.
1992;41:359–76.
47. Gross JJ. Emotion regulation: current status and future prospects.
Psychol Inq. 2015;26:1–26.
48. Eisenberg N, Fabes RA, Guthrie IK, Murphy BC, Maszk P, Holmgren R,
et al. The relations of regulation and emotionality to problem behavior
in elementary school children. Dev Psychopathol. 1996;8:141–62.
49. Oldehinkel AJ, Hartman CA, Ferdinand RF, Verhulst FC, Ormel J. Effortful
control as a modifier of the association between negative emotionality and adolescents’ mental health problems. Dev Psychopathol.
2007;19:523–39.
50. Linnenbrink EA. The role of affect in student learning: a multi-dimensional approach to considering the interaction of affect, motivation,
and engagement. In: Schutz PA, Pekrun R, editors. Emotions in education. San Diego: Elsevier; 2007. p. 107–24.
51. Heavey CL, Adelman HS, Nelson P, Smith DC. Learning problems, anger,
perceived control, and misbehavior. J Learn Disabil. 1989;22:46–50.
52. Stamovlasis D, Sideridis G. Ought approach-ought avoidance: nonlinear
effects under achievement situations. Nonlinear Dyn Psychol Life Sci.
2014;18:67–90.
53. Thom R. Structural stability and morphogenesis. Pattern Recognit.
1976;8:61.
54. Guastello SJ. Managing emergent phenomena: non-linear dynamics in
work organizations. Mahwah: Lawrence; 2002.
55. Marchand G, Skinner EA. Motivational dynamics of children’s academic
help-seeking and concealment. J Educ Psychol. 2007;99(1):65–82.
https://doi.org/10.1037/0022-0663.99.1.65.
56. Yerkes RM, Dodson JD. The relation of strength of stimulus to rapidity of
habit-formation. J Comp Neurol Psychol. 1908;18:459–82.
57. Hanin Y, Syrjä P. Performance affect in junior ice hockey players: an
application of the individual zones of optimal functioning model. Sport
Psychol. 1995;9:169–87.
58. Hanin Y, Syrjä P. Predicted, actual, and recalled affect in Olympic-level
soccer players: idiographic assessments on individualized scales. J Sport
Exer Psychol. 1996;18:325–35.
59. Zajonc RB, Markus H. Must all affect be mediated by cognition? J Con
Res. 1985;12(3):363–4.
60. Sideridis GD, Stamovlasis D. Instrumental help-seeking as a function of
normative performance goal orientations: a ‘‘catastrophe”. Motiv Emot.
2016;40:82–100. https://doi.org/10.1007/s11031-015-9515-9.
61. Heikkilä A, Lonka K. Studying in higher education: students’ approaches
to learning, self-regulation, and cognitive strategies. Stud Higher Educ.
2006;31(1):99–117.
62. Hailikari TK, Parpala A. What impedes or enhances my studying? The
interrelation between approaches to learning, factors influencing study
progress and earned credits. Teach Higher Educ. 2014;19(7):812–24.
63. Postareff L, Lindblom-Ylänne S, Parpalaa A. Explaining university
students’ strong commitment to understand through individual and
contextual elements. FLR Frontline Publ Learn Res. 2014;2(1):31–49.
64. Schunk DH, Zimmerman BJ. Motivation and self-regulated learning:
theory, research, and applications. New York: Routledge; 2012.
65. Linnenbrink-Garcia L, Pekrun R. Students’ emotions and academic
engagement: introduction to the special issue. Contemp Educ Psychol.
2011;36(1):1–3.
66. Tibubos AN, Schnell K, Rohrmann S. Anger makes you feel stronger: the
positive influence of trait anger in a real-life experiment. Pol Psychol
Bull. 2013;44(2):147–56.
67. Delamater RJ, McNamara JR. Expression of anger: its relationship to
assertion and social desirability among college women. Psychol Rep.
1987;61(1):131–4.
68. De Rivera J. A structural theory of the emotions. New York: International
Universities Press; 1977.

Page 12 of 13

69. Mikulincer M. Adult attachment style and individual differences in functional versus dysfunctional experiences of anger. J Pers Soc Psychol.
1998;74(2):513–24.
70. Clark MS, Pataki SP, Carver VH. Some thoughts and findings on self-presentation of emotions in relationships. In: Fletcher GJO, Fitness J, editors.
Knowledge structures in close relationships: a social psychological
approach. Mahwah: Lawrence Erlbaum Associates; 1996. p. 247–74.
71. Sinaceur M, Tiedens LZ. Get mad and get more than even: when and
why anger expression is effective in negotiations. J Exp Soc Psychol.
2006;42:314–22.
72. Bandura A, Cervone D. Self-evaluative and self-efficacy mechanisms
governing the motivational effects of goal systems. J Pers Soc Psychol.
1983;45:1017–28.
73. Rhodewalt F, Morf CC. On self-aggrandizement and anger: a temporal
analysis of narcissism and affective reactions to success and failure. J
Pers Soc Psychol. 1998;74:672–85.
74. Simon HA. The functional equivalence of problem solving skills. Cogn
Psychol. 1975;7:268–88.
75. Zook NA, Davalos DB, DeLosh EL, Davis HP. Working memory, inhibition,
and fluid intelligence as predictors of performance on Tower of Hanoi
and London tasks. Brain Cogn. 2004;56:286–92.
76. Rhee S, Bardos A, Skinner C, Johnson J. Relationships between the
Tower of Hanoi, brief measures of cognitive ability and gender. Arch
Clin Neuropsychol. 1997;12:393–5.
77. Murayama K, Elliot AJ. The joint influence of personal achievement
goals and classroom goal structures on achievement-relevant outcomes. J Educ Psychol. 2009;101:432–47. https://doi.org/10.1037/a0014
221.
78. Sideridis GD. A physiological analysis of achievement goal orientations
under pressure: the catastrophic effects of normative evaluations. Int J
Sch Educ Psychol. 2020;8:227–38.
79. Antoniou F, Alkhadim G. The stressful experience of goal orientations
under frustration: evidence using physiological means. Front Psychol
Cogn (in press).
80. Sideridis GD, Antoniou F, Simos P. The physiological effects of goal
orientations on the reading performance of students with Dyslexia. A
pilot study. Procedia Soc Behav Sci. 2013;93:1546–51.
81. Treiber FA, Musante L, Hartdagan S, Davis H, Levy M, Strong WB.
Validation of a heart rate monitor with children in laboratory and field
settings. Med Sci Sports Exerc. 1989;21:338–42.
82. Wajciechowski J, Gayle R, Andrews R, Dintiman G. The accuracy of
radio telemetry heart rate monitor during exercise. Clin Kinesiol.
1991;45:9–12.
83. Ekman P. Are there basic emotions? Psychol Rev. 1992;99(3):550–3.
84. Ekman P. An argument for basic emotions. Cogn Emot.
1992;6(3–4):169–200.
85. Ekman P. Facial expressions of emotion: new findings, new questions.
Psychol Sci. 1992;3(1):34–8.
86. den Uyl M, van Kuilenberg H, et al. The FaceReader: online facial expression recognition. In: Noldus LPJJ, Grieco F, Loijens LWS, et al., editors.
Proceedings of the measuring behavior 2005 5th international conference on methods and techniques in behavioral research. Wageningen:
Noldus Information Technology; 2005. p. 589–90.
87. Grasman RP, van der Maas HL, Wagenmakers EJ. Fitting the cusp catastrophe in R: a cusp-package primer. J Stat Softw. 2009;32(8):1–27.
88. Cobb L. An introduction to cusp surface analysis. Technical report. Louisville: Aetheling Consultants; 1998. http://www.aetheling.com/models/
cusp/Intro.htm.
89. Hartelman PAI. Stochastic catastrophe theory. Ph.D. thesis. Amsterdam:
University of Amsterdam; 1997.
90. Nicolis G, Nicolis C. Foundations of complex systems. Singapore: World
Scientific Publishing; 2007.
91. Molenaar PCM, Raijmakers MEJ. A causal interpretation of Piaget’s theory of cognitive development: reflections on the relationship between
epigenesis and nonlinear dynamics. New Ideas Psychol. 2000;18:41–55.
https://doi.org/10.1016/S0732-118X(99)00036-7.
92. Prigogine I, Stengers I. Order out of chaos: man’s new dialogue with
nature. London: Heinemann; 1984.
93. Dweck CS, Leggett EL. A social cognitive approach to motivation and
personality. Psychol Rev. 1988;95:256–73.

Antoniou et al. BMC Psychology

(2022) 10:106

Page 13 of 13

94. Carver CS. Negative affects deriving from the behavioral approach
system. Emotion. 2004;4:3–22.
95. Harmon-Jones E, Peterson CK. Effect of trait and state approach motivation on aggressive inclinations. J Res Pers. 2008;42:1381–5.
96. Berkowitz L. Frustration–aggression hypothesis: examination and reformulation. Psychol Bull. 1989;106:59–73.
97. Berkowitz L, Harmon-Jones E. Toward an understanding of the determinants of anger. Emotion. 2004;4:107–30.
98. Rotteveel M, Phaf RH. Automatic affective evaluation does not
automatically predispose for arm flexion and extension. Emotion.
2004;4:156–72.
99. Wilkowski BM, Meier BP. Bring it on: angry facial expressions potentiate approach-motivated motor behavior. J Pers Soc Psychol.
2010;98:201–10.
100. Sacco DF, Hugenberg K. Cooperative and competitive motives enhance
perceptual sensitivity to angry and happy facial expressions. Motiv
Emot. 2012;36:382–95.
101. Rosser JB. The rise and fall of catastrophe theory applications in
economics: was the baby thrown out with the bathwater? J Econ Dyn
Control. 2007;31:3255–80.
102. Sussmann HJ, Zahler RS. Catastrophe theory as applied to the social
and biological sciences: a critique. Synthese. 1978;37:117–216.
103. Elliot AJ, Murayama K. On the measurement of achievement goals:
critique, illustration, and application. J Educ Psychol. 2008;100:613–28.
Further readings
104. Zeidner M, Endler N, editors. Handbook of coping: theory, research,
applications. New York: Wiley; 1996.
105. Hareli S, Berkovitch N, Livnat L, David S. Anger and shame as determinants of perceived competence. Int J Psychol. 2013;48(6):1080–9.
106. Bagozzi RP, Gopinath M, Nyer PU. The role of emotions in marketing. J
Acad Mark Sci. 1999;27(2):184–206.
107. Beaudry A, Pinsonneault A. Understanding user responses to information technology: a coping model of user adaptation. MIS Q.
2005;29(3):493–524.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

