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Abstract
Objectives Adults with autism often need support to detect their stress and to apply adequate coping strategies for dealing 
with daily stress. The personalized mobile application Stress Autism Mate (SAM) is developed for and by adults with autism 
to detect and cope with daily life stress. SAM measures stress four times daily, generates an overview of the patients’ stress 
level and gives personalized advice to reduce stress.
Methods With a pre-to post-treatment design, the level of perceived stress, coping self-efficacy and self-rated quality of life 
(QoL) was assessed at baseline (pre-test), after the four-week intervention (post-test) and after eight-week follow-up. Data 
was analysed using multilevel analysis taking within subject variance into account.
Results At post-test measurement, there was a significant decrease in perceived stress. At post-test as well as follow-up, a 
significant improvement in coping self-efficacy and improvement in self-rated QoL was seen.
Conclusions The results of this pilot study suggest that the personalized mHealth tool SAM can support adults with autism 
in detecting stress, improving their stress coping skills and improving their self-rated quality of life. In practice, SAM can be 
seen as an external stress monitor that can easily be integrated in the lives of adults with autism, to detect and cope with stress.
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Autism is a life-long neurodevelopmental disorder. At least 
1–3% of the world population is diagnosed with autism 
(Elsabbagh et al., 2012). Autism is characterized by “Per-
sistent deficits in social communication and interaction, 
and restricted, repetitive patterns of behaviour, interests, 
or activities “, according to the ‘Diagnostic and Statistical 
Manual of Mental Disorders’ (DSM) 5 (American Psychi-
atric Association, 2013). The origin of autism is multifacto-
rial, with distinct characteristics that make everyone with 
autism unique, resulting in clinical heterogeneity. However, 
a common challenge is that people with autism experience 
more stress compared to people without autism (Hirviko-
ski & Blomqvist, 2015). The fact that environments are not 
always adapted to people with autism, combined with their 
difficulty detecting their own stress signals can cause them to 

suddenly become overwhelmed by high stress levels. These 
high stress levels make it difficult to cope with stress ade-
quately. Without effective support to detect and cope with 
stress, perceived stress is a factor negatively contributing to 
the challenges individuals with autism, unfortunately, must 
face in life. Adults with autism could therefore benefit from 
receiving support in establishing and maintaining relation-
ships, emotion regulation, detecting daily life stress and in 
taking part in everyday life (Bishop-Fitzpatrick et al., 2015).

To help adults with autism improve in their ability to 
detect and cope with stress, it is necessary to focus on per-
ceived, subjective stress. Perceived stress is a subjective 
experience, which differs from person to person. Adults 
with autism report higher levels of perceived stress and 
have lower perception of their coping abilities compared 
to adults without autism (Bishop-Fitzpatrick et al., 2017). 
In this study, perceived stress is defined as “The feelings 
and thoughts an individual has related to the stressfulness 
of their daily life and their ability to overcome these stress-
ful events” (Phillips, 2013, p. 1453–1454). High levels of 
perceived stress can lead to chronic stress (Hirvikoski & 
Blomqvist, 2015), and may have a negative influence on 
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quality of life in people with autism (Arias et al., 2018; 
Bishop-Fitzpatrick et al., 2018; Hong et al., 2016; Lin & 
Huang, 2019; Mason et al., 2018).

Since the main goal of supporting therapy for adults 
with autism is optimizing the independent social func-
tioning and well-being of the patient, managing perceived 
stress should be a focus in treatment. However, the clini-
cal heterogeneity in adults with autism results in diverse 
needs of support in behavioural and communicative func-
tioning (Masi et al., 2017). Consequently, it is a challenge 
to develop an effective tool that helps people with autism 
to reduce perceived stress.

Regular stress management in people with autism consists 
of stress signalling schemes. Stress signalling schemes con-
tain personal signals of stress (e.g. overstimulation and with-
drawal in oneself) and specific actions (e.g. ask for help) to 
cope with stressful situations. These personal stress signals 
and actions are composed by the individual and their thera-
pist. For this therapy to be successful, patients must be able 
to recognize their stress levels and proactively act by using 
stress reducing tips. People with autism, in contrast to peo-
ple without autism, also need support into detecting stress 
signals and applying adequate stress coping mechanisms. 
Without this support, they can be suddenly overwhelmed by 
high stress levels. This contributes to the challenge of using 
stress-signalling schemes for reducing daily stress. As such, 
a new intervention in real time is needed to support adults 
with autism, to detect and cope with their daily perceived 
stress.

Over the past years, the amount of evidence suggesting 
the potential of technology-based interventions for support-
ing individuals with autism is increasing (Grynszpan et al., 
2014; Miralles et al., 2020). Individuals with autism have a 
natural affinity for technology-based interventions because 
these interventions are structured, predictable and support 
autonomy (Carmona-Serrano et al., 2020; Valencia et al., 
2019). As such, technology-based interventions may be par-
ticularly suitable for individuals with autism. Smartphone 
mental health (mHealth) applications (apps) have an enor-
mous potential to improve health in people (Byambasuren 
et al., 2018). In 2021, around 350.000 mHealth apps were 
available in the app stores (Aitken & Nass, 2021; Byambas-
uren et al., 2018). Won Kim et al (2017) analysed the avail-
able clinical evidence for 700 mHealth apps developed for 
individuals with autism. The effectiveness of only a fraction 
of these apps was based on clinical research, which were 
mostly pilot studies. None of them aimed to support self-
management of stress in everyday life.

To address the need for evidence-based mHealth apps to 
support people with autism (Moon et al., 2020), this study 
assessed the effectiveness of a newly developed app, the 
Stress Autism Mate (SAM). This study aimed to answer the 
following research questions: ‘What is the effect of the SAM 

app, after four weeks of use, on (i) perceived stress, (ii) cop-
ing self-efficacy and (iii) self-rated quality of life.’

Methods

Participants

Initially, fifteen adults who met the inclusion criteria were 
included in the present study. The inclusion criteria were (a) 
being diagnosed with autism according to the DSM-5 and 
the guideline ‘diagnostics of autism’ of the Dutch Associa-
tion of Psychiatry (NVVP); (b) having an IQ of above 85 
according to the Wechsler Adult Intelligence Scale IV Dutch 
(WAIS-IV-NL), since the SAM app was developed with and 
for adults with an IQ above 85. All fifteen participants were 
receiving mental health care from Emerhese GGz Centraal, 
a mental health institution where all residents of the Nether-
lands can receive mental health care, since health insurance 
is mandatory in the Netherlands (Table 1).

The patient group consisted of six females and eight 
males with a mean age of respectively 46 years (SD 11.5) 
and 46 years (SD10.8), and a mean duration of treatment in 
months of 42.2 (SD 11.1) and 40.0 (SD 15.6). All partici-
pants were of Caucasian ethnicity.

Procedure

SAM System SAM, a mobile mHealth application, has been 
developed by a project group consisting of mental health 
researchers of the Netherlands Organization for applied 
scientific research (TNO), and practitioners of GGz Cen-
traal Emerhese, Flevoland, in close alignment with the target 
group, fifteen patients of GGz Centraal Emerhese Flevoland.

The purpose of SAM is to support individuals with autism 
in stress recognition and self-management of stress in daily 
life, thereby improving well-being. The SAM app is easy to 
use, no special training is needed to use SAM. Considering 
the specific communication needs for adults with autism, 
SAM was designed to be easily customised. One can select 
different sets of colours for the feedback chart (i.e. traffic 
light colours or different shades of blue) and for the ques-
tionnaire multiple-choice options in written text or emoti-
cons are available. SAM consists of unique features, which 

Table 1  Demographic characteristics

Variable Female (N = 6)
Mean (SD)

Male (N = 8)
Mean (SD)

Age in years 46.0 (11.5) 46.0 (10.8)
Duration of treatment in months 42.2 (11.1) 40.0 (15.6)
Race Caucasian 100% 100%
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are explained separately below. The following link provide 
introductory videos about the SAM app: https:// youtu. be/ 
QBrad 1Si4vA Please note that the video is spoken in Dutch, 
but English subtitles are available.

Questionnaire

SAM sets a questionnaire four times a day with an interval 
of four hours. The timing of the first questionnaire is chosen 
by the user and it takes two minutes to complete. The ques-
tionnaire starts with what activities the user has done in the 
past four hours and how the user felt during these activities. 
This is followed by two questions about whether the user 
had positive thoughts and felt energized during the past four 
hours. The questionnaire ends with ten multiple-choice ques-
tions about stress signals experienced in the past four hours 
(see Table 2). These questions are based on the results of the 
interviews with the target group. More information about the 
development of SAM can be found on our website: www. 
stres sauti smmate. nl and in the appendix.

Every question-and-answer possibility in the SAM app is 
linked to a certain score, and the sum score corresponds to 
a certain stress level (i.e. no stress, little stress, stress, much 
stress). Based on cut-off values within the potential sum 
scores, the algorithm generates a report of the level of per-
ceived stress (i.e. no stress, little stress, stress, much stress). 
SAM then verifies the results by asking if the measured 
stress level corresponds to the person’s perception. When 
there is a discrepancy between the stress level measured 
by SAM and the person’s own perception, this is registered 
on the overview page. This forms an input for the dialogue 
about stress signalling between the user and the practitioner 
or relative. In addition, we use the authentication data for the 
further development of SAM.

Personal Coping Advice

After the algorithm has calculated a stress level, the app 
provides a general as well as a personalized coping advice 
corresponding to the level of stress, as seen in Fig. 1. The 
personalized advice consists of stress management tips that 
are pre-set by the user: while installing the app, users are 
asked to select preformulated tips and/or to enter their own 
personal tips. Examples of general preformulated coping 
advice are ‘go for a walk,’ ‘do a breathing exercise’ or ‘lis-
ten to some music.’

Feedback Chart

At the end of every day and week, an overview of the daily 
stress level is generated in a feedback chart. This chart visu-
alizes the stress level of every measurement moment and 
summarizes which activities contributed to feeling good or 
bad. By looking at the feedback chart, the user may dis-
cover stress patterns related to day-to-day activities. In this 
way, the user can retrospectively consider which activities 
or events caused or contributed to the experienced stress. 

Table 2  Ten stress signalling questions SAM app collected and vali-
dated in the focus groups

Questions

Did you feel irritable?
Did you suffer from a full head?
Were you worried?
Did you have trouble concentrating?
Did you feel the need to withdraw?
Were you dreading activities on your schedule?
Did you suffer from negative thoughts?
Did you suffer from anxiety?
Were you bothered by environmental stimuli?
Did you have trouble making decisions?
Answer possibilities: ‘No;’ ‘Yes, but not more than usual;’ ‘Yes, more 

than usual;’ ‘Yes, much more than usual’ Fig. 1  Screenshots feedback chart and measured stress level

https://youtu.be/QBrad1Si4vA
https://youtu.be/QBrad1Si4vA
http://www.stressautismmate.nl
http://www.stressautismmate.nl
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Additionally, this chart could be a focus point in therapy if 
the user wishes to share the results with the therapist.

Study Design This pilot study used a one-group pretest – 
post-test – follow-up, quasi-experimental design (Harris 
et al., 2006). During all phases of this study, participants 
continued with their regular daily activities and their usual 
treatment. There was no control group. This within-subject 
design allows each participant to potentially benefit from 
the intervention, potentially enhancing the feasibility of this 
study. The outcome parameters are (i) stress recognition and 
reduction, (ii) perceived stress, (iii) coping self-efficacy, and 
(iv) self-rated quality of life. Data was collected at three 
moments in time: at baseline right before the intervention 
(pre-test), after the four-week intervention phase (post), and 
after an eight-week follow-up phase (follow-up).

Baseline At baseline, just before the start of the intervention 
phase, the participants were invited for an individual face-to-
face appointment with the researcher at a local GGz Centraal 
location. The baseline questionnaire was completed during 
this appointment. After completing the questionnaire, the 
participant, together with the researcher, installed the SAM 
app on their mobile phone and went through the settings, 
followed by a detailed explanation of how the SAM app 
works. In case a participant would not be in possession of 
a suitable mobile phone on which the SAM app could run, 
a mobile phone would be made available by the researcher. 
This was, however, not the case.

Intervention Phase The intervention phase lasted four 
weeks. This was based on the idea that a four-week period 
is acceptable in feasibility terms and burden on the partici-
pant. It should also be long enough for the expected effect of 
the intervention to occur. The expectation was that it would 
take users about two weeks to fully understand and integrate 
the SAM app into everyday life. In weeks three and four, the 
SAM app could influence the daily lives of the participants.

During the intervention phase, participants used SAM 
four times a day. At all times, a helpdesk was available for 
questions and technical problems. During the intervention 
phase, the researcher recorded that the participants com-
pleted ≥ 75% of the questionnaires in the SAM app. At the 
end of the four-week intervention phase, the post-test ques-
tionnaire was completed in a face-to-face appointment with 
the researcher.

Follow‑up Phase The follow-up phase lasted eight weeks. 
In these eight weeks, the participants did not use the SAM 
app. They continued with their regular daily activities and 
their usual treatment. At the end of the follow-up period, the 
final face-to-face interview took place in which the follow-
up questionnaire was completed.

Measures

At all three measure moments, we used the same self-
report questionnaires regarding perceived stress, coping 
self-efficacy and quality of life. All questionnaires were 
completed independently by the participants during indi-
vidual face-to-face appointments at a GGz Centraal location. 
Characteristics regarding gender, age and duration of current 
treatment were collected from the electronic health record.

Stress Recognition and Reduction Part 1 consists of four 
items about stress recognition and reduction created by the 
researchers. Respectively, 1 ‘To what extent are you capable 
of recognising a high degree of stress in yourself?’, 2 ‘To 
what extent are you capable of recognising a low degree of 
stress in yourself?’ 3 ‘To what extent are you aware of how 
to reduce stress on yourself?’, and 4 ‘To what extent are you 
able to actually reduce stress on yourself?’ Response scale 
ranging from 1–10 (not capable at all, very capable).

Perceived Stress The reliable and validated Perceived Stress 
Scale (PSS) (Cohen et al., 1983; Hirvikoski & Blomqvist, 
2015; Thoen et al., 2021) consists of ten items and is widely 
used to assess subjective stress in neurotypical adults as well 
as in adults with autism (Cronbach’s α = 0.92, McDonald’s 
ω = 0.93). An example item is ‘In the last month, how often 
have you been upset because of something that happened 
unexpectedly?’ Items used a five-point Likert scale anchored 
by “Never” and “Very often.” In case of the four positively 
stated items, the response score had to be reversed. Higher 
sum scores denote higher perceived stress.

Coping Self‑Efficacy The Coping Self-Efficacy Scale (CSES) 
(Chesney et al., 2006) is a reliable (Cronbach’s α = 0.91, 
McDonald’s ω = 0.91) and validated tool to measure the per-
ceived coping efficacy of a person. Coping self-efficacy is 
defined as “one’s ability to perform specific coping behav-
iours.” (Chesney et al., 2006, p. 2) This widely used tool 
was chosen because it addresses specific coping abilities 
which are important for adults with autism. The CSES can 
be subdivided into three subscales: problem-focused coping, 
stop unpleasant emotions and thoughts, and get support from 
friends and family. The reliability Cronbach’s Alpha for the 
subscales is as follows: problem-focused coping α = 0.77, 
stop unpleasant emotions and thoughts α = 0.91 and get sup-
port from friends and family α = 0.88. An example items is 
‘When you are not doing well, or when you have problems, 
are you able to make a plan of action and follow it when 
confronted with a problem?’ Response scale ranging from 
0 to 10 (I am not able at all to I am very able).

Quality of Life Since perceived stress can negatively influ-
ence quality of life, quality of life was assessed with one 
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question of the World Health Organization Quality of Life 
(WHOQOL-BREF) questionnaire, namely ‘How would 
you rate your quality of life?.’ This item was scored with a 
five-point Likert scale anchored by “Very poor” and “Very 
good.” In this case, quality of life is defined as “Individu-
als’ perceptions of their position in life in the context of the 
culture and value systems in which they live and in relation 
to their goals, expectations, standards and concerns” (World 
Health Organization, 1998, p. 551).

Data Analyses

The statistical analysis was done by using linear mixed effect 
models. The questionnaires were analysed by using the mean 
score for the self-developed stress recognition and reduction 
items, the sum score of the Perceived Stress Scale, the sum 
score of each subscale of the Coping Self-Efficacy Scale, and 
the mean score of the World Health Organization Quality of 
Life. The missing data is excluded from the data analysis.

In this within-subject design, all participants are their 
own control, so it is important to compare the questionnaire 
scores within everyone individually and to aggregate these 
results to make a statement at population level (Chen & 
Chen, 2014; Lillie et al., 2011; Zucker et al., 1997, 2010). 
Linear mixed effect models take within-subject variance into 
account (Hox, 2010), thereby providing a suitable analysis 

method for this study. For the analyses, R in combination 
with RStudio and the packages lme4 was used (Bates et al., 
2015), lmerTest and tidyverse (Bates et al., 2015; Kuznet-
sova et al., 2017; Wickham et al., 2019). For each model, 
we used the measurement as fixed effect and the intercept or 
initial score as a random effect, differentiating for everyone. 
For the models with a significant effect of time (p < 0.05), 
we tested the assumptions of normality and heteroscedastic-
ity of the residuals, using visualization. For the single ques-
tion scales, we tested whether the use of an ordinal model 
using a logit-link improved assumption. As this was not the 
case, we decided on using a linear mixed effect model for 
these too.

Results

One participant dropped out during the trial due to lack of 
motivation to complete the questionnaires at measurement 
moments. Fourteen patients completed all questionnaires at 
pre-, post-test and follow-up. A summary of the results is 
presented in Table 3.

Stress Recognition and Reduction The self-reported ability 
to reduce stress, post-test (β = 1.36, s.e. = 0.43, p = 0.004) as 
well as follow-up, (β = 1.57, s.e. 0.43, p = 0.001) significantly 

Table 3  Overview of the mean and standard deviations for baseline, post-test, and follow-up, and the multilevel results for the timeframes base-
line – to – post-test and baseline – to – follow-up within the (sub)scales

Stress recognition and reduction: non-validated questions; PSS, Perceived Stress Scale; CSES, Coping Self-Efficacy Scale; WHOQOL, World 
Health Organization Quality of Life; β, estimate; s.e., standard error; * p ≤ 0.05; ** p ≤ 0.01 significant higher or lower scores compared to base-
line

Baseline Post-test Follow-up Baseline—to – post dif-
ference

Baseline—to—follow-
up difference

Variable Mean (SD) Mean (SD) Mean (SD) β s.e df β s.e df

Stress recognition and reduction,
range 0—10
Ability to detect high stress levels 7.29 (1.54) 7.50 (2.28) 6.93 (2.06) .21 .60 26 -.36 .60 26
Ability to detect low stress levels 5.00 (3.09) 5.07 (2.90) 5.21 (3.42) .07 .88 26 .21 .88 26
Awareness of how to reduce stress 5.50 (1.74) 6.29 (2.13) 6.29 (2.02) .79 .56 26 .79 .56 26
Ability to reduce stress 3.79 (1.67) 5.14 (2.38) 5.36 (2.06) 1.36** .43 26 1.57** .43 26
Sum score PSS, range 0 – 50
Perceived stress 22.03 (8.94) 19.65 (7.93) 20.36 (6.51)  − 2.39* 1.09 24.16  − 1.68 1.09 24.37
Sum score CSES
Problem focused coping
Range 0–50

19.29 (8.06) 23.86 (9.09) 21.86 (9.65) 4.57* 1.95 26 2.57 1.95 26

Stop unpleasant emotions and thoughts
Range 0–40

14.57 (7.65) 16.16 (6.61) 17.00 (7.18) 1.59 1.21 25.16 2.43* 1.18 25.07

Support from friends and family
Range 0–20

5.71 (4.36) 9.96 (3.53) 10.00 (3.55) 4.25** 0.93 24.70 4.29** 0.91 24.49

Mean WHOQOL, range 0–5
Estimated quality of life 1.86 (0.86) 2.36 (1.03) 2.50 (0.86) 0.50* 0.19 25.15 0.64** 0.19 25.00
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improved compared to baseline. The effect size at post-test 
is medium (d = 0.67) and large at follow-up (d = 0.84). Fur-
thermore, no significant effect was found in the ability to 
detect high or low stress levels or in the awareness of how 
to reduce stress.

Perceived Stress The ability of the participant to reduce 
stress post-test, (β = -2.39, s.e. 1.09, p = 0.04) significantly 
improved compared to baseline with a small effect size 
(d = 0.29). There was no significant effect found at follow-
up compared to baseline.

Coping Self‑efficacy The problem focused coping post-
test, (β = 4.57, s.e. = 1.95, p = 0.027) significantly improved 
compared to baseline with medium effect size (d = 0.53). No 
significant change was found at follow-up. The capability of 
stopping unpleasant emotions and thoughts after follow-up, 
(β = 2.43, s.e. = 1.18, p = 0.05) significantly improved com-
pared to baseline with a small effect size (d = 0.33). At this 
subscale, no significant effect was found between baseline 
and post-test. Furthermore, the capability to ask friends and 
family for support post-test, (β = 4.25, s.e. = 0.93, p = 0.00) 
as well as follow-up, (β = 4.29, s.e. = 0.91, p = 0.00) signifi-
cantly improved compared to baseline. The effect size at 
post-test and follow up are both large, respectively d = 1.11 
and d = 1.23).

Quality of Life The self-rated quality of life at post-test 
(β = 0.50, s.e. = 0.19, p = 0.02) significantly improved com-
pared to baseline, and the self-rated quality of life after 
follow-up (β = 0.64,  s.e. = 0.19, p = 0.002) significantly 
improved compared to baseline. The effect size both at 
post-test and follow up is medium, respectively d = 0.54 
and d = 0.75.

Discussion

This study suggests that adults with autism could signifi-
cantly better cope with stress and reduce stress after using 
the Stress Autism Mate (SAM) app. They experienced less 
stress and improved their coping-self efficacy after four-
weeks of using the app (post-test). The improvement in 
coping self-efficacy also continued at follow-up. The par-
ticipants rated their quality of life higher than before the use 
of SAM on both measurement points. This could indicate 
that participants learned to better understand and act on their 
stress-related behavioural patterns, which in turn improved 
their quality of life.

Perceived Stress As hypothesized, participants found them-
selves more capable of reducing stress after using SAM for 
four weeks and after eight weeks follow-up. Participants 
experienced significantly less stress after using SAM, but 
this improvement disappeared after the follow-up period (i.e. 
8 weeks without using the app).

There are several explanations for a significant improve-
ment after the intervention phase which then disappears at 
follow-up. First, this may be due to variation caused by the 
small sample size of this pilot study. Second, the intervention 
phase (i.e. 4 weeks) may not have been long enough to allow 
participants to independently reduce their perceived stress. For 
future research, it would be interesting to experiment with the 
length of the intervention phase to find out how long a person 
must use SAM for to expect an effect. Third, stress recognition 
may be a skill that adults with autism have difficulty learning to 
apply themselves. In this case, SAM may be used as an external 
stress measurement for extended or recurring periods to support 
the user as they reflect on their stress signals four times a day.

Coping Self‑efficacy The overall coping self-efficacy of 
adults with autism improved significantly after four weeks 
of using SAM, and at follow-up as well. Coping self-efficacy 
can be divided into the three subscales of the CSES. Because 
there were differences between the improvement of the sub-
scales after four-weeks using SAM versus follow-up, they 
will be discussed separately.

Problem Focused Coping The participants improved their 
problem-focused coping skills after using SAM, but the 
effect did not last after the eight-week follow-up. One expla-
nation could be, as mentioned before, that adults with autism 
need an external ‘reminder’ such as the SAM app to help 
detect perceived stress. Also, without SAM asking the user 
to reflect on the perceived stress, they might no longer feel 
stimulated to do so.

Stopping Unpleasant Emotions and Thoughts A surpris-
ing result was that a positive effect in stopping unpleasant 
emotions and thoughts was seen at follow-up, but not after 
four-weeks of using SAM (post-test). An explanation could 
be that it takes time for the learning effects of SAM to cause 
a decrease of unpleasant emotions and thoughts. It would be 
interesting to investigate how long this effect of reduction 
of unpleasant emotions and thoughts persists after various 
lengths of the intervention and follow-up phase.

Seeking Support from Friends and Family A clinically rel-
evant improvement at both measurement points was the 
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ability to seek help from friends and family to address prac-
tical and emotional issues. This result lends support to the 
idea that visualization on a graph of the level of stress expe-
rienced and/or the coping advice provided by SAM (i.e. to 
talk to a close relative), may make the participant and family 
or friends more aware of asking for help. Another contribut-
ing factor could be that the user becomes more aware of their 
stress signals in the first place, making it easier to talk about 
them with relatives.

Quality of Life The self-rated quality of life of the partici-
pants using SAM for four weeks improved significantly, 
directly after the intervention period but also at the endpoint 
of the study. The improvement in quality of life could be 
related to the decrease of perceived stress. Such would be 
in line with previous research that shows a negative effect 
of perceived stress on the quality of life in participants 
with autism (Bishop-Fitzpatrick et al., 2018; Hong et al., 
2016).

Limitations and Future Research

The app was developed in collaboration with adults diag-
nosed with autism resulting in a personalized autism-
friendly app in which the stress signalling questions are 
specified for adults with autism. Although this is remarkable 
and important, this is not enough to recommend adding this 
app to the support arsenal. There are also some limitations to 
the present study. First, the number of participants was small 
(N = 14), and no control group or control period was used. 
We chose to start with a pilot study because we first wanted 
to explore whether the app was workable at all and whether it 
might influence perceived stress. However, despite the small 
sample size, there were several noteworthy results, which 
is promising for future research. A control group or con-
trol period to compare the results should be used in future 
research. Second, the participants were already involved in 
the development of the app and were asked to think about 
perceived stress and how to measure this stress in adults with 
autism. This could have made the participants more aware of 
perceived stress in comparison to people not involved in the 
app development, allowing the participant to achieve more 
progress with SAM. However, if participants were already 
aware of perceived stress and how to cope with it at baseline, 
this could also have reduced the effect of SAM. Another 
point may be that the involvement of the participants in the 
development of the app made them very motivated to test 
the app resulting in a very low drop-out rate. It is possible 

that with regular use of the app among adults with autism, 
the number of dropouts will be higher. Finally, there may 
be common method bias due to the use of multi-item scales 
within the same questionnaire. This phenomenon could lead 
to false correlations between the measured items (Podsakoff 
et al., 2012). In this pilot study, however, we did not analyse 
correlations between multi-item scales, but change within 
multi-item scales questionnaires over time.

In future research, a larger trial is needed to assess the 
effectiveness of SAM on adults with autism. In such a trial, a 
single case experimental design (SCED) incorporating a pre-
control period could be used, and to avoid any history bias, 
the participants should be randomly divided into groups who 
will start on different periods in time.

The positive results also give new innovative ideas. Since 
stress occurs frequently in psychiatric disorders and can have 
a disastrous effect, variants of the SAM app could be helpful 
for other target groups as well, such as adults with an anxiety 
disorder. Furthermore, at this moment SAM can estimate the 
participants’ stress levels only retrospectively. It would be 
interesting to develop a function to measure real-time stress 
in adults with autism and link this to SAM to give stress-
reducing advice whenever acute stress occurs.
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