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ABSTRACT
Objective:  The current study aims to improve understanding of 
events leading to lapses of dietary restraint, and to identify path-
ways to perseverance or abandonment of weight loss efforts in 
response to lapses. In addition, Behaviour Sequence Analysis (BSA) 
was also evaluated as an analytical tool in dietary behaviour.
Design: A sample of 176 adults who were engaging in self-imposed 
dietary restraint for weight loss were recruited to participate.
Main outcome measures:  Participants were instructed to provide 
a detailed written timeline of an episode where they lapsed in 
their dietary restraint plan. They were instructed to report their 
preceding behaviours and internal states, and social and environ-
mental contexts, leading up to and after their lapse in dietary 
restraint.
Results:  Lapses in dietary restraint were precipitated by negative 
internal states in the presence of cues for highly palatable foods. 
In addition, abandonment of weight loss efforts after lapsing was 
preceded by dichotomous thinking, whereas perseverance was 
preceded by a more neutral, flexible interpretation of the lapse in 
self-control.
Conclusion: BSA has identified that neutral evaluation of inevitable 
lapses in dietary restraint are predictive of continuation with 
weight loss efforts, highlighting the importance of individual tol-
erance of lapses in self-regulation.

1  Introduction

1.1.  Background

Rising levels of obesity in Western societies pose a significant burden to public health 
(Wang et  al., 2011). The link between obesity and negative somatic health outcomes 
have been repeatedly demonstrated (Tanamas et  al., 2016). Furthermore, a growing 
body of research has also identified a strong inverse relationship between obesity 
and mental health (Magallares & Pais-Ribeiro, 2014). As a result, for many reducing 
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body mass can often be regarded as a secondary objective, with some individuals 
being primarily motivated to lose body mass as a means of increasing positive 
self-regard and reducing body dissatisfaction (Cooper & Fairburn, 2001). Given the 
increasing prevalence of obesity, and the accompanying physical and mental costs, 
the creation and development of interventions that support individual weight loss 
and weight-management is a public health priority (Gardner et  al., 2021).

The principal approach to reducing body mass is engagement of dietary restraint, 
with an estimated 20% to 50% of females and 5% to 25% of males employing dietary 
restraint techniques (Slof-Op ‘t Landt et  al., 2017). Dietary restraint refers to the con-
scious decision to restrict food intake and/or restrict consumption of specific food 
types (Herman & Polivy, 1984), which is typically implemented with self-imposed 
verbal rules that enable an individual to vigilantly observe and maintain a pattern of 
eating that will lead to weight loss (Ward & Mann, 2000). In this context, verbal rules 
refer to the specification of contingency that is based on language rather than expe-
rienced contingency, i.e. reality, and therefore may be arbitrarily determined. For 
example, an individual attempting to lose body mass may impose a verbal rule such 
as: “To successfully lose weight I must not consume more than 1500 calories per day.” The 
verbal rule is considered arbitrary and not definitive because an individual can suc-
cessfully lose body mass via a multitude of alternative behavioural responses, e.g. 
consuming 1700 calories on alternate days.

Although such self-imposed verbal rules are not definitively true, often they can 
be pragmatically true in their application, and may lead to successful outcomes. In 
a vast majority of cases, such a reduction in energy intake will result in a reduced 
body mass (Applebaum, 2008), particularly when there is a consistent deficit in the 
number of calories consumed in relation to the individual’s energy expenditure.

However, the effectiveness of self-imposed dietary restraint to reduce body mass 
is contested in the literature. Although it may seem counter-intuitive prima facie, 
existing evidence has pointed towards dietary restraint being ineffective for long-term 
weight loss maintenance (Mann et  al., 2007). Indeed, Wing and Phelan (2005) con-
servatively estimate that only 20% of dieters maintain their weight loss results for an 
extended period. A large body of research has consistently demonstrated that most 
dieters regain the lost weight in a relatively short time span following dietary restraint 
(Buchanan et  al., 2019; Green et  al., 2009; Hartmann-Boyce et  al., 2014; Parretti et  al., 
2016). Therefore, if the physical and psychological health benefits of dietary restraint 
are to be achieved, attention must be focused on understanding why weight loss 
outcomes are not maintained over the long term (Cooper & Fairburn, 2001).

1.2.  Maintenance of strict dietary restraint

Although eating behaviour is not an unconscious reflex, behavioural control in eating 
remains greatly influenced by context, meaning that verbal, social and environmental 
cues are important in determining lapses in dietary restraint (Gardner et  al., 2021; 
Herman & Polivy, 2004). Because of lifestyle restraints and commitments, most adults 
cannot modulate eating based solely on hunger and satiety cues (Herman & Polivy, 
2004). In other words, for many, it is not feasible to stop daily activities to prepare 
and consume food whenever hunger arises. Therefore, to a large extent eating 
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behaviour must be regulated by verbal rules. It is argued that severely restrictive 
verbal rules during periods of dietary restraint, requiring substantial vigilance and 
suppression of impulses, will eventually be abandoned in the context of cues that 
momentarily deplete self-control (Buchanan et  al., 2019; Gardner et  al., 2020, 2021). 
Internal cues that are widely acknowledged to deplete self-control include experiencing 
negative affect, stress and physical fatigue (Goldstein et  al., 2018).

Furthermore, evidence consistently shows that creating verbal rules regarding 
dietary restraint can paradoxically have the effect of increasing the value and desir-
ability of the omitted food (Buchanan et  al., 2019; Polivy & Herman, 2002; Rodgers 
et  al., 2018). If vigilance and effort are required to inhibit drives to consume larger 
amounts of food, or specific food types, then by necessity there will be a learned 
association between eating forbidden foods (or quantities of food) and relaxation of 
effort (Gardner et al., 2021). Green et al. (2009) have identified that for dieters, so-called 
junk food consumption is often framed as an opportunity for reward and respite, 
whereas rigid dietary restraint is framed as an aversive and exhausting internal battle. 
As a result, when individuals are exposed to contextual cues that momentarily deplete 
self-control, they are more likely to lapse in their dietary restraint. In sum, the increased 
drive to consume restricted foods when experiencing inevitable periods of negative 
affect, will be especially difficult to resist in the context of an obesogenic environment 
where abundant amounts of highly caloric and palatable foods are available (Larsen, 
2007). Therefore, arguably, it may be unrealistic to presume that an individual will be 
able to adhere consistently to a rigid and restrictive eating pattern without occasional 
lapses (Goldstein et  al., 2018).

1.3.  Implications of lapses in dietary restraint

Given the expectation of occasional lapses in dietary restraint, attention should focus 
on the relationship between lapses and dietary restraint perseverance and long-term 
weight loss maintenance. Existing research indicates that repeated lapses in dietary 
restraint leads to individuals abandoning efforts to lose weight or maintain weight 
loss (Carels et  al., 2004; Forman et  al., 2017), further emphasising the importance of 
understanding the sequence of events before and following the lapse in dietary 
restraint. Abandonment of weight loss intentions and behaviours in response to a 
lapse could be interpreted as excessive and illogical when placed in the context of 
the preceding successes in diet adherence (Herman & Polivy, 2004). Polivy and Herman 
(2002) account for this abandonment as a response to the dysphoria and negative 
affect that individuals experience after lapsing, and the uncomfortable experiences 
of guilt and negative self-regard that emerge. It is proposed that the negative affect 
and demoralisation stemming from a lapse is a result of the realisation that one is 
not meeting self-imposed expectations and intentions, and therefore negatively affect-
ing one’s self concept (Neal & Carey, 2004).

Furthermore, evidence shows that an excessive reaction to a lapse in dietary 
restraint, often referred to as All or Nothing or Dichotomous Thinking, is a robust pre-
dictor of abandonment of weight loss efforts (Buchanan et  al., 2019; Byrne et  al., 
2004; Rodgers, et  al., 2018). As previously discussed, weight loss is often not the 
primary goal of dietary restraint but rather a mechanism to improve attractiveness 
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and self-worth (Cooper & Fairburn, 2001). Higher levels of body dissatisfaction are 
reliably associated with more rigid levels of dietary restraint, which in turn increase 
the probability, if not the inevitability, of relapse (Putterman & Linden, 2004; Stice & 
Shaw, 2002). For these individuals, a lapse in dietary restraint may not just be a 
temporary halt in weight loss progress but perhaps an indicator of their lack of dis-
cipline and that they are moving away from their ideal self, and as a result increasing 
the negative affect experienced (Cooper & Fairburn, 2001). Clearly, there is a link 
between dietary restraint attempts, lapses and abandoning efforts to lose weight. 
Temporal research into the transition between dietary lapses and post-lapse behaviour 
is required to clarify the complex processes.

1.4.  Application of behaviour sequence analysis

From the above, it is evident that dietary restraint is unlikely to be strictly adhered 
to over the long-term, and equally, that temporary lapses in dietary restraint are 
probable, if not inevitable, for most individuals. Given that frequent, temporary lapses 
in dietary restraint are predictive of abandonment of weight loss intentions, it is 
important to identify points of significance in the behavioural sequence leading up 
to dietary lapses. In addition, it is important to identify what behaviours in response 
to lapses in dietary restraint are predictive of either persevering with, or abandoning, 
dietary restraint in response. The development of effective interventions for both 
short-term lapses in dietary restraint, and subsequent complete abandonment of 
efforts, will be largely dependent on understanding the sequence of internal and 
external events that precede both.

Behaviour Sequence Analysis (BSA; Clarke & Crossland, 1985; Keatley, 2018, 2020) 
allows researchers to track the progression of events and behaviours1 over time. While 
the method has been used repeatedly in the Social and Forensic Psychology areas, it 
has not been applied as widely in relation to Health Psychology, with notable excep-
tions from Townsend and colleagues who have studied self-harm and suicide ideation 
(Townsend et al., 2016). A lot of health-related research focuses on predicting individual 
outcome behaviours, through multiple factors or predictors; BSA instead highlights 
the sequential chains that precede and follow certain key behaviours, such as dietary 
lapses. In terms of the current research, rather than using the traditional approach in 
psychology, of creating multiple regression models to evaluate which individual factors 
predict “binge eating” or “abandonment of diet”, BSA allows researchers to see the 
temporal flow of behavioural and situational events that preceded such dietary lapses. 
Also, importantly, BSA tracks the post-behaviour outcomes; in this case, how individuals 
respond emotionally, cognitively and behaviourally to a lapse in dietary restraint. Of 
course, behavioural sequences leading to a lapse in dietary restraint will ultimately 
be idiosyncratic at the highly specific contextual level. However, BSA can map the 
various higher order pathways into and out of a behaviour of interest.

The simplest and most widely-used form of BSA is referred to as lag-one BSA. This 
effectively means transitions of one step are made. For example, if we see someone 
report they felt emotion S, “Sad”, and this was followed by a lapse in dietary restraint 
(e.g., behaviour ECB, “Eat chocolate bar”), then we would see a lag-one BSA of S→ECB. 
Now, let us imagine the slightly more complex case in which multiple factors might 



PSyCHOLOGy & HEALTH 5

lead to behaviour ECB. For example, alongside Sad (emotion S), someone might feel 
like they have earned a break from their diet, perhaps by engaging in vigorous physical 
exercise (behaviour PE). Now, in the dataset we see that many more people suggest 
that feeling Sad, S, leads to ECB than those who engaged in vigorous physical exercise 
PE→ECB. From this, we can see frequency scores, indicating more S→ECB transitions 
than PE→ECB transitions. We could conclude that experience of sadness is more likely 
to lead to eating a chocolate bar than licensing behaviours (e.g., vigorous physical 
exercise). This is the basic concept of BSA. Typically, in BSA, standardised residual 
scores are calculated as these provide a clearer indication of whether a transition 
between two variables is more likely than chance to occur. A final benefit of the BSA 
approach is that vast, complex, dynamic relationships between multiple variables can 
be synthesised into easy-to-follow flow diagrams, called state transition diagrams, which 
require no specialist training or statistical knowledge to interpret. This has made the 
method popular with end-users and applied practitioners (Keatley, 2020).

Separate predictors of dietary restraint lapses are, of course, informative in analysing 
behaviour with the goal of intervening and shaping behaviour. BSA attempts to 
provide greater insight and understanding of the target behaviour, by adding further 
context to the individual predictive behaviours. Specifically, further contextual under-
standing of lapses in dietary restraint could be achieved via observing the temporal 
ordering and relations between separate behaviours. For example, it is widely rec-
ognised that “personal stress”, “mental fatigue”, and “lack of self-control” are all related 
to binge eating (e.g. Goldstein et  al., 2018). However, by understanding what events 
or behaviours lead to these risk factors, or indeed what behaviours or events occur 
between each risk factor and the target behaviour, can provide further insight that 
may assist in developing effective interventions. This is particularly important if elim-
inating a risk factor (e.g. stress) for lapsing in dietary restraint is not feasible or 
advisable for individuals. In this example, it may be more efficacious to identify 
maladaptive responses to stress that increase probability of lapsing, and to attempt 
to intervene and eliminate this interim behaviour rather than the experience of 
stress itself.

1.5.  Study aims

There are three primary objectives of the current research study. The analysis aims 
to improve understanding of:

1. Behavioural sequences that lead individuals to lapse during periods of 
self-imposed dietary restraint.

2. Behavioural sequences that determine whether individuals persevere with, or 
abandon, dietary restraint in response to a momentary lapse in their self-imposed 
plan.

3. The potential value of behaviour sequence analysis as an analytical tool to 
generate knowledge and understanding in patterns of dietary restraint.

Underlying each of the above objectives is the aim to identify points of significance 
in the process of self-regulation failure in dieting behaviour. Given the expected high 
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frequency of episodes of lapses in dietary restraint, and the potential abandonment 
of dietary restraint intentions, it is important to identify points when individuals can 
be supported with interventions. Identifying the sequence of events that increases 
probability of abandonment of an initially valued health goal, will aid both individuals 
and practitioners in creating contingency plans during periods of increased 
vulnerability.

2.  Methodology

2.1.  Participants

In total, 176 adults2, including 41 males and 135 females, provided an autobi-
ographical timeline to participate in the BSA study. The mean age of participants 
was 28.97 years (SD = 10.52), with the participants ages ranging from 18 to 66 years. 
With respect to geographical location, 56.8% of participants were from Great 
Britain and Ireland, 16.5% were from North America, 15.9% were from Mainland 
Europe, with 9.7% from Asia. The inclusion criteria for participation were to answer 
affirmatively to the following question: Have you made an attempt sometime in the 
last few months to control your food intake in terms of either quantity and/or content 
with an aim to lose weight or be healthier? Of the sample, 34.7% of participants 
reported that they intended to engage in dietary restraint for a time-limited 
period, whereas 65.3% were attempting to implement lifelong practices of dietary 
restraint.

2.2.  Data collection and procedure

Data were collected via an online questionnaire created using QuestionPro software 
(QuestionPro Inc., 2021). The questionnaire recorded participant demographic details, 
whether they had recently engaged in dietary restraint and what their intentions 
were for self-imposing dietary restraint. If participants met the inclusion criteria, they 
were instructed to provide a detailed written timeline of a single episode in the 
recent past where they spontaneously lapsed in their dietary restraint plan, and 
consumed self-restricted food types or quantities. They were instructed to report their 
preceding behaviours and internal states (including emotions and thought processes), 
and social and environmental contexts, leading up to and after their lapse in dietary 
restraint, in sequential order. Participants were encouraged to provide as much detail 
of their experience as possible.

The questionnaire was posted for a period of 8  weeks on two online survey 
data collection platforms (SurveyCircle & PollPool), and in addition, the study 
was also advertised on social media channels3. Participants within this conve-
nience sample received no payment for their participation, however aggregated 
research contribution credits were awarded within SurveyCircle and Poll Pool 
platforms to reward study participation. The Ethical Review Board at the University 
of the West of Scotland approved the current study, and the study was com-
pleted in line with the 1964 Helsinki declaration on ethical standards for human 
research.
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2.3.  Data filtering and coding process

After eight weeks of data collection, in total, the questionnaire was viewed 826 times 
by potential participants, with 407 individuals beginning the questionnaire. However, 
only 243 participants completed and submitted the questionnaire; with attrition 
occurring due to participants either not meeting the inclusion criteria or electing to 
withdraw from the study during data collection. Of the 243 submitted questionnaires, 
176 participants were retained with 67 questionnaires removed from the dataset 
because of incomplete or unusable data. Participant data were retained for analysis 
if they submitted a sequential timeline leading up to a lapse in dietary restraint with 
at least two transitions recorded. The exclusion of participant data was determined 
by an evaluation of whether the participant fully completed the task outlined in the 
study (Keatley, 2018). Full completion of the research task required participants to 
provide a detailed timeline of single, recent episode where they lapsed during a 
period of attempted dietary restraint.

Comprehensive itemisation of individual events into mutually exclusive codes is a 
pre-requisite for BSA (Bakeman & Quera, 2012; Keatley, 2018). As a starting point, an 
initial coding scheme was created based on expected codes extracted from existing 
dietary restraint research literature. In addition, an initial random sample of ten par-
ticipant timelines were itemised into individual events by each of the study authors. 
Factors including internal states, cognitions, social and environmental contexts and 
cues, and behaviours were considered as individual events to be coded. Any additional 
codes that emerged from the process were agreed between the three authors and 
subsequently added to the coding scheme. During the coding process, the coding 
scheme was updated only if new individual events emerged from the data. Before 
data coding was initiated, five participant timelines were identified at random, and 
each author attempted to transform the raw data into event sequences, via application 
of the agreed coding scheme. To assess inter-rater reliability of the data coding pro-
cess, emergent sequences of an independently evaluated sub-sample of each other’s 
coding were compared and agreed between authors before data analyses commenced. 
Good agreement between authors was established, with any disagreement between 
authors were settled via discussion.

2.4.  Statistical analysis

Participants wrote autobiographical, diary accounts of their dietary behaviours 
leading-up to and following a lapse in their dietary plans. These qualitative accounts 
were first parsed into discrete behavioural events and situational events, ensuring 
that everything was mutually exclusive and coded. Long, detailed qualitative accounts 
essentially became strings of codes (e.g., A, B, C, D…n; A B D F G…n – where n is any 
number of codes that follow). The initial analyses were a frequency count of each 
individual code, that represents a behavioural event or a situational event. This gives 
an initial overview of how many individual codes occurred throughout the dataset. 
The next and more important stage was to calculate the lag-one transitions between 
codes for each participant. For example, how many times does A→B; B→C; C→D 
transitions occur in the dataset. Transition frequencies for the entire sample were 
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then calculated and put into a transition frequency matrix, where rows are the 
antecedent initial behaviour in a transition pair, and columns were the sequitur, 
following behaviour in a lag-one transition pair.

Transition frequencies are fairly informative, but they can be biased towards 
behaviours that occur multiple times in the dataset occurring in sequence by chance. 
For example, if we imagine that we coded “X: blinks” and “Y: breaths in” and “Z breaths 
out” in our dataset, then we would expect X→y, y→Z and even X→Z to occur multiple 
times, by chance. They are frequently occurring, but they do not offer much infor-
mation. Therefore, in BSA, standardised residual (SR) scores are calculated to show 
which transitions are occurring above the level expected by chance. Thus, high SR scores 
indicate that the transition is occurring more than we could expect by chance.

The final step of BSA is to provide data in a way that is useful for end-users. The 
transition frequency matrices with SR scores are typically extensively long and pro-
hibitively complex to non-academic audiences. Rows and columns can spread across 
pages and following meaningful pathways is difficult. Therefore, the information is 
typically plotted in a flow diagram, called a state transition diagram. These diagrams 
plot the transitions between situational events and behavioural events that are occur-
ring above the level of chance. They are simple flow diagrams that require no advanced 
statistical awareness and are typically enjoyed by practitioners and non-academic 
audiences. It should be remembered, however, that though the diagram is plotted 
as a long flow diagram, the analyses are lag-one. This means that although the dia-
gram makes it look like longer chains are occurring (e.g., A→B→C), this is not the 
case. The diagram should be read and understood in pairs (e.g., A→B; B→C and so 
on). It is possible to perform higher order analyses to investigate longer chains; but 
it is typically advised against in the research literature (see Keatley, 2020). All analyses 
were conducted in a R script, however other statistical packages such as SPSS and 
Python can also be used to conduct BSA.

3.  Results

The first stage of Behaviour Sequence Analysis is to report the frequencies of indi-
vidual behavioural events and situational events. This provides an initial insight into 
trends observed within the data. Table 1 shows the number of times participants 
responded that they experienced various factors associated with their self-imposed 
attempts at dietary restraint. Some of the most frequently occurring factors were: 
Negative affect from lapse (n = 53); Felt dejected (n = 41); Discounted and justified lapse 
(n = 39); and Stressed from work (n = 31). The individual factors are presented to show 
support for previous literature and indicate that the current dataset comprises 
behavioural events and situational events one would expect to see in this research.

3.1.  Behaviour sequence analysis

The more valuable part of BSA research is to understand not only what occurs, but 
the order or sequence in which it occurs. In isolation, frequency counts can often be 
misleading and may not offer the best analyses of the data (Keatley, 2018, 2020), 
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therefore Chi-Square analyses were conducted on the transition frequency matrix to 
ascertain the standardised residuals (SRs). Once SRs were calculated, they were then 
plotted into a state transition diagram, which allows the transitions between events 
to be more easily understood (see Figure 1). To read the diagram, audiences are 
instructed that thicker lines indicate higher SR scores, which means those transitions 
are occurring significantly more than we would expect by chance. For example, a 
strong transition was observed between ‘Planned a break in dietary restraint’ to 
‘Offsetting behaviour’ (n = 2, SR = 13.68), though the raw frequency of this transition 
was low (n = 2), it occurred above the level expected by chance. Both raw transition 
frequencies and standardised residuals are presented to permit evaluation of 
state-transition significance and commonality separately.

It is important to note that within BSA research studies less emphasis is placed 
on raw frequencies of specific transitional pairs in contrast to the consistency of 
pairings (Keatley, 2018). To demonstrate with an example, if in the data behaviour A 
was observed to precede behaviour B a total of 15 times (n = 15), and behaviour B 
represented only 20% of all behaviours that were observed to immediately follow 
behaviour A. In addition, within the same dataset, behaviour C was immediately 
followed by behaviour D on just four occasions (n = 4) and it was observed that D 
represented all of the observed behaviours in the dataset that immediately followed 
C. In this example, more theoretical emphasis is likely to be placed on the consistency 
of the C→D transition in comparison to the A→B transition, despite overall having a 

Table 1. Frequency of individual behavioural and situational 
events.
Pre-lapse factors Frequency

stressed from work 31
craved junk food 29
ordered take-out 28
Physically tired 25
stressed from education 23
equated junk food with comfort 19
socialising 19
cultural/social celebration 18
equated junk food with reward 16
Did not want to cook 14
Junk food visual cues 12
Felt substantial hunger 12
avoid being left out 11
given junk food 11
stressed from social interaction 10
Drank alcohol 10
Post-lapse factors Frequency

Negative affect from lapse 53
Felt dejected 41
Discounted and justified lapse 39
Neutral emotional response after lapse 28
Returned to restraint the next day 27
abandoned dietary restraint entirely 16
Dip in self esteem 15
accepted the need to be flexible with dietary restraint 13
compensation behaviour (e.g. fasting, exercise) 12
Returned to dietary restraint several days later 11
Dichotomous thinking leading to continuation of 

eating forbidden foods
10
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lower observed frequency. Ultimately, raw frequencies of observed transitional pairs 
do not in themselves determine theoretical importance. Rather, theoretical importance 
in BSA studies is determined based on the consistency of transitional pairings that 
are evaluated to be highly contextually related to the target behaviour or process 
(please see Keatley, 2018 for further explanation).

Given the potential excessive complexity of BSA, researchers often attempt to 
reduce the complexity in the diagrams by increasing the cut-off criteria for presen-
tation (Ellis et  al., 2018). In the present results, only those transitions that had a 
frequency above two and a standardised residual above two were plotted. This is 
simply to make the diagram more interpretable. The importance of specific state–
transition pairs was determined via its SR magnitude and evaluations of their theo-
retical relevance to the overall research question.

Experience of negative internal states was observed to be one of the most prom-
inent factors in lapses of dietary restraint. It was evident that a negative internal 
state, in combination with exposure to social and environmental cues of restricted 
and desirable foods were common pathways to dietary lapses. For example, ‘Felt 
dietary restraint was hopeless’ was associated with ‘Family ate junk food’ (n = 2, SR = 
12.46), which itself was strongly connected to Given junk food (n = 2, SR = 6.45). Being 
Given junk food was an antecedent of lapse in dietary restraint (n = 9, SR = 3.79). More 
specifically, experience of stress from work and from education was observed to 
precede being Physically tired (n = 5, SR = 5.18 and n = 5, SR = 6.26, respectively); 
which in turn was an antecedent for Did not want to cook (n = 6, SR = 8.63). This is 
an important observation because not wanting to cook was observed to be closely 
associated with Ordered take-out (n = 4, SR = 4.78), which was associated with Lapse 
in dietary restraint (n = 25, SR = 6.85). Put simply, it appears that temporarily disen-
gaging from dietary restraint could be triggered initially by experiencing the negative 
internal state of stress, leading to fatigue and behaviours related to more immediate 
gratification.

Figure 1. Behavioural sequence analysis of pathways to and from lapses in dietary restraint.
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Conversely, probable positive internal states stemming from engaging in celebra-
tions with family and friends, or socialising in general, were factors commonly observed 
in pathways leading to dietary lapse. Observing family and friends eating restricted 
but desirable food, and being offered such food by others, and also not wanting to 
feel left out of the social event, were all frequently reported factors in the pathway 
leading to a lapse in dietary restraint. It is clear from the pathways outlined in Figure 
1 that a positive social context increases the probability of an individual temporarily 
abandoning weight loss or weight management efforts.

In addition, the environmental context, via a myriad of pathways, appeared to be 
a central factor leading up to a lapse in dietary restraint. One of the strongest tran-
sitions was At work to No alternative to junk food (n = 2, SR = 15.33). Essentially, par-
ticipants consumed foods that were forbidden by their self-determined verbal rules 
when they were in a context where there were no available alternatives. Furthermore, 
the BSA identifies that often the final step in the sequence leading to a lapse in 
dietary restraint was being exposed to a Junk food visual cue or being Given junk food. 
In other words, it is evident that immediate availability of restricted foods was pre-
dictive of reduced self-control.

As well as identifying pathways leading to dietary lapses, it was important to 
identify different pathways that emerge in response to a lapse in dietary restraint. 
One of the most frequently occurring transitions was between Lapse in dietary restraint 
to Negative affect from lapse (n = 46, SR = 11.74). It was evident that a participant did 
not Abandon dietary restraint entirely, unless they first experienced Negative affect from 
lapse or engaged in Dichotomous thinking leading to continuation of eating forbidden 
foods. Alternatively, Returned to restraint the next day was strongly associated with not 
feeling guilt after lapsing (Neutral emotional response after lapse: n = 22, SR = 7.) and 
Accepted the need to be flexible with dietary restraint (n = 11, SR = 1.48). Therefore, 
whether a participant was able to return to dietary restraint after a lapse appeared 
to be determined by how they emotionally and cognitively responded to their lapse. 
If the participant was able to put the lapse of self-control in eating in its appropriate 
perspective, it was probable that they would soon return to their weight loss or 
weight management behaviours.

4.  Discussion

Irrespective of its disputed efficacy, dietary restraint, characterised as adhering to 
self-devised verbal rules that regulate eating behaviour, is a prevalent method of 
weight loss and maintenance within the general populous (Ward & Mann, 2000). 
Hitherto, research has focused upon the role of dietary restraint in food-based decision 
making, potential differences among varying demographic and individual social cog-
nitive factors and its role in eating pathology (Bublitz et  al., 2010; Linardon et  al., 
2018; Manasse et  al., 2018; Scott et  al., 2008). However, no study to date has com-
prehensively investigated the temporal nature of the archetypal transitions before 
dietary lapses or even post-lapse behaviour in a non-clinical dieting population. 
Examining such is not only important to identify points of significance in the 
behavioural sequence leading up to, and following, dietary lapses but also helps 
better inform implementation intentions (or action plans). Implementation plans in 
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this context are designed to improve dietary restraint, and more importantly, avoid 
subsequent abandonment of efforts upon a temporary violation. By employing the 
novel use of BSA, this study had three aims: a) to identify common pathways that 
lead to lapsing on dietary restraint; b) to identify the salient pathways that result 
from lapsing on dietary restraint; and c) to evaluate the potential contribution of a 
BSA approach to understanding weight loss, and weight management, behaviour.

4.1.  Pathways to lapses in dietary restraint

It is evident from the BSA that lapses in dietary restraint are often precipitated by a 
negative internal state early in the sequence, such as experiencing various forms of 
stress (work, education, and social) and emotional discomfort. This may seem axiomatic 
to the reader, as stressors have been reliably found to impair self-control (Maier et  al., 
2015), increase consumption of calorie dense foods that are high in fat and sugar 
(Torres & Nowson, 2007) and decrease vegetable intake (O’Connor et  al., 2008). There 
is some evidence, albeit inconsistent, to suggest that restrained eaters are significantly 
more likely to experience a momentary hyperphagic response following an acute 
exposure to stress (Heatherton & Baumeister, 1991; Lattimore & Maxwell, 2004); even 
beyond that of higher levels of perceived stress alone (Wardle et  al., 2000). It is pos-
sible that this is due to restrained eaters being less responsive to their internal state 
of hunger, perhaps due to habituation of the sensation, and thus may be more likely 
to overeat (Heatherton et  al., 1989).

What is particularly striking from the BSA is that stress appeared to lead to not 
only unpleasant psychological states, but also consequently resulted in negative 
psychosomatic experiences such as fatigue. Individual’s post-stress feelings of fatigue 
appeared to be an important factor leading to a reduction in dietary restraint via 
experiencing abnormally high levels of hunger and thus, becoming less resistant to 
environmental cues for foods that they were trying to eliminate or restrict. In addition, 
the BSA revealed that there was a lack of willingness to engage in behaviours that 
may be central to maintaining control, such as preparing a meal upon the emergence 
of feelings of fatigue. The highlighting of somatic (as well as mental) fatigue as the 
symptom of stress-induced eating should be examined further. For, despite the asso-
ciation between fatigue and stress, little research has been conducted into the role 
of mental and somatic fatigue on eating behaviour directly.

The current findings demonstrate support not only for a client-focused approach 
to dietary intervention plans, but also an appreciation of the temporal-sensitive nature 
of likely lapses to ensure the retention of such plans. For instance, many dietary 
intervention plans will integrate other components, such as action planning, to 
pro-actively determine an appropriate response to a known cue or stimuli that leads 
to an undesirable behaviour ahead of time (Michie et  al., 2013). However, it has been 
observed that creating such plans or proactive rules have limited success particularly 
when the negative habitual response is so strong (Adriaanse et  al., 2011). This is 
further compounded given that evading undesirable health behaviours are more 
difficult than engaging in health promoting behaviours (Adriaanse et  al., 2011; Hagger 
& Luszczynska, 2014). What the current BSA project has demonstrated here is that 
interventions, and their parallel implementation intention, may be better directed 
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towards an individual’s time-specific somatic and behavioural responses experienced 
in response to their trigger; rather than the trigger per say. For instance, if the indi-
vidual is able to recognise that they are specifically vulnerable to a dietary lapse 
when fatigued due to substantial hunger, they can seek to quickly reduce the sen-
sation of hunger to increase the probability of maintaining self-control. Evidence 
demonstrates that individuals who can engage in Action Planning, and repeatedly 
replace an undesirable response with an adaptive response that is functionally equiv-
alent (in this example, eliminating discomfort from hunger) are more likely to suc-
cessfully transform behaviour over the long-term (Gardner et  al., 2021).

Interpreting the BSA output further in relation to existing literature, there is scope 
to propose that identifying foods that must not be consumed, and engaging in 
effortful vigilance and inhibition, may by default make these individuals associate 
lapsing on dietary restraint with reward and comfort (Gardner et  al., 2021; Schaumberg 
et  al., 2016; Stice, 2001). The effect of associating forbidden foods with relaxation of 
effort, reward and comfort is likely to increase its desirability for individuals who are 
experiencing somatic and psychological discomfort from stress or fatigue, and there-
fore increase motivation for consumption. The indirect pairing of eating restricted 
food types with reward and relaxation of effort, is likely to increase the salience of 
consuming such foods in response to agreeable social and leisure contexts. With 
respect to reducing the probability of lapsing on dietary restraint when engaging in 
social events and when feeling stressed and fatigued, it may be prudent to directly 
attempt to dissociate restricted food consumption with reward and comfort via clinical 
intervention. In other words, behavioural interventions could be implemented to 
directly associate junk food consumption with an aversive stimuli (e.g. an experience 
of discomfort) in order to minimise the salience of the problematic association of 
junk food consumption and reward/comfort during periods of negative internal states.

4.2.  Pathways emerging from lapses in dietary restraint

Previous literature, and the current findings, both indicate that lapses in dietary 
restraint are to be expected given the inevitability of experiencing of negative 
affective and somatic states such as stress and fatigue, and its impact on maintaining 
inhibitory control (Gardner et  al., 2021; Goldstein et  al., 2018). Therefore, arguably, 
when attempting to develop interventions to support weight loss perseverance and 
maintenance, attention should focus on understanding adaptive and maladaptive 
responses to the inevitable lapses. Understanding what leads an individual to aban-
don dietary restraint entirely in response to a lapse, as opposed to returning to 
their self-imposed weight loss plan the following day, would appear to be a criti-
cal task.

The current findings support existing literature in identifying that the key deter-
minant of whether a single lapse leads to complete abandonment of weight loss 
attempts is how the individual emotionally and cognitively responds to the loss of 
self-control. In the current study, participants did not abandon their weight loss efforts 
unless they first experienced a negative emotional response or engaged in dichoto-
mous thinking behaviour, interpreting the single lapse as eliminating all previous and 
future dietary successes.
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The BSA also revealed that when individuals pre-plan a dietary break, typically in 
response to a planned social event, they were likely to engage in offsetting or 
“pre-compensation” (Lenne et  al., 2017). These included actions such as fasting and 
exercise, to mitigate any negative consequences emerging from the planned lapse. 
This was also characterised by a more positive cognitive and emotional framing of 
the dietary lapse and, subsequently, the likelihood of the reinstating the initial dietary 
plan. Given that not experiencing negative emotion after lapsing was linked to return-
ing to dietary restraint the next day and not abandoning weight-loss efforts entirely, 
it may be prudent for individuals to plan and accept a temporal lapse when it is 
known to be highly probable based on past behaviour (e.g., Thanksgiving). If 
pre-determined breaks in restraint are associated with positive emotional framing of 
the lapse, this reduces the probability of the individual abandoning weight-loss 
attempts entirely after inevitable occasional slips. In addition, social events, particularly 
cultural celebrations such as Christmas, are often not spontaneous events, and there-
fore there is an opportunity to pre-plan adaptive contingencies. Regardless of whether 
the pre-planned responses to probable dietary lapses involve pre-compensation 
behaviours, reducing probable hunger by making permitted alternatives available, or 
simply accepting that restraint will be temporarily suspended, such premeditated 
behaviours are likely to moderate post-lapse negative internal states.

Existing literature has also identified dichotomous thinking in response to lapses 
as a salient predictor of giving up on weight loss efforts completely (Byrne et  al., 
2004; Rodgers et  al., 2018). In contrast, individuals who were able to put the single 
lapse in perspective with previous successes and accept that an occasional lapse in 
dietary restraint is to be expected, were much more likely to return to dietary restraint 
the following day. This finding supports existing literature, indicating the importance 
of flexible interpretation and responses to lapses in self-control, rather than using an 
‘all or nothing’ evaluative frame (Buchanan et  al., 2019; Cooper & Fairburn, 2001). As 
a result, a potential point of intervention to support perseverance in weight loss 
attempts after inevitable lapses, would be in assisting clients to minimise dichotomous 
thinking interpretations and promote and encourage flexible responding in this context.

4.3.  Future research and limitations of BSA

The emergent findings demonstrating that negative affective states, and environmental 
and social stimuli are important predictors of lapses in self-regulation of eating is not 
particularly revelatory. There is a large body of research demonstrating that self-control 
is more likely to be relaxed when an individual is stressed or fatigued, in the context 
of social facilitation and an obesogenic environment with immediate availability of 
highly palatable, calorically dense food (Buchanan et  al., 2019; Goldstein et  al., 2018; 
Larsen, 2007). However, BSA has successfully organised these factors into coherent 
sequential temporal pairs, and therefore, identified the most salient pathways to and 
from the target variable of dietary lapse. BSA also highlights the most salient points 
of transition in each observed pathway. This is valuable because by identifying the 
most consistently paired behaviours or events in a sequential process, it is possible to 
identify points of critical significance that may be effective target points for intervention.

For example, current findings demonstrate a strong association between fatigue 
and not wanting to prepare a meal, in the pathway leading to lapses in dietary 
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restraint. Therefore, when attempting to reduce the probability of lapsing, individuals 
may benefit from taking pre-planned action when feeling fatigued, mitigating the 
consequence of not wanting to prepare a meal. Such pre-planned actions are likely 
to differ vastly dependent on specific environmental and individual contexts. However, 
an example of a mitigation strategy here could include being readily aware of where 
one could order Take-Out food that would not violate self-imposed restrictions, or 
having microwaveable meals in the freezer that largely negate effortful meal preparation.

The value of BSA research is the identification of upstream factors, organised in a 
hierarchy of importance, that could be targeted within behavioural modification pro-
cesses. Furthermore, as the homogeneity of the sample increases, it is probable that 
the sequential pathways observed and the critical points for intervention and action 
planning will become clearer and more robust. A limitation of the current study has 
been the lack of narrow inclusion criteria for participation beyond simply being an 
adult who has recently lapsed in dietary restraint attempts, drawn from an online 
convenience sample. Therefore, the observed pathways and the relative importance 
of points of transition is reflective of a diverse set of individuals who could be either 
obese or not, or who may have had very prescriptive dietary restrictions or were 
holding much more ambiguous dietary intentions, for example. It is probable that 
pathways towards, and from, lapses in dietary restraint are likely to vary substantially 
between individuals within different individual contexts. In this regard, now that the 
potential value of BSA as an analytical mechanism has been demonstrated, future 
research should apply BSA techniques within more narrow populations. In particular, 
BSA could have applied value in better understanding the psychological processes 
involved in the common phenomenon in a narrow sample of previously obese indi-
viduals who were initially successful in losing weight, abandoning dietary restraint 
and return to previous or higher levels of weight.

Given the expected extensive variance in pathways to lapsing in dietary restraint, 
because of vastly different contextual factors and individual differences within any 
given sample, perhaps the most effective application of BSA in this domain will be 
at the level of the individual. A further limitation of the current study is that data 
were only available in relation to a single episode of dietary lapse for each participant 
(i.e., their most recent lapse). It is probable that each individual may have multiple 
behavioural pathways that lead to lapses in dietary restraint, further reinforcing the 
potential value of observing behaviour across an extended time period, at an indi-
vidual level. A restrictive factor in the application of BSA at the individual level will 
be the sheer amount of data required to run analyses from a statistical power per-
spective. A potential solution to the demand for substantial amounts of data required 
per individual could be the use of Ecological Momentary Assessment (EMA) digital 
techniques to record associations between internal states, environmental and social 
contexts and eating behaviour in a minimally invasive way. Holmes et  al. (2014) and 
Rodgers et al. (2018) successfully demonstrated that such associations between internal 
states and restrictive and binge eating behaviours could be effectively assessed via 
EMA methods, even across one seven-day data collection period. With sufficient data, 
EMA techniques would greatly assist in creating individually tailored supportive 
interventions.

Furthermore, although emphasis in interpreting the BSA outcomes has been placed 
on the standardised residuals of consistent pairs of behaviours and events rather than 



16 A. PARKE ET AL.

the absolute frequency counts, it is important to note that several of the transitional 
pairs had relatively low absolute frequencies. Therefore, it would be advisable to 
replicate the study using variant populations to evaluate consistency of transitional 
pairings identified and consider the representativeness of the findings of the current 
study. Despite further investigation being recommended, the current BSA study has 
provided a foundation in which to build on understanding between the risk factors 
for violating dietary plans either temporarily and perhaps even indefinitely. It is hoped 
that this will act as a springboard to further exploration into the complexity of eating 
behaviours and inform effective intervention plans.

Notes

 1. In this context, cognitions are categorised as verbal behaviours (Skinner, 1957)
 2. Presently, there is no power analysis for BSA research (Keatley, 2018). In existing literature 

samples range from n- of −1 through to >100. The current sample was determined based 
on agreed of saturation where new participants were no longer added new substantive 
concepts.

 3. Individual researchers’ Twitter and University of [removed for blind review] Facebook 
accounts.
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