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Research has shown that childhood experiences shape adult lives and that experiencing
adverse events during childhood can have lifelong consequences (Felitti et al. 1998). The
more adverse experiences reported, the higher the risk of negative health outcomes including
depression, alcoholism, obesity, cancer, heart disease, stroke, diabetes, suicide and early death
(Felliti, 2009).
Adverse experiences may also produce trauma: “Trauma results from an event, series of
events, or set of circumstances that is experienced by an individual as physically or
emotionally harmful or threatening and that has lasting adverse effects on the individual’s
functioning and physical, social, emotional, or spiritual well-being” (Trauma-Informed Care
in Behavioral Health Services, 2014). Events are considered traumatic if they are associated
with a high risk of causing mental disorders, such as post-traumatic stress disorder (PTSD).
Risk factors for the onset of PTSD in children who have experienced traumatic events
consistently include female gender, minority ethnicity and low socioeconomic status (SES),
parent mental health problems, pre-existing mental health problems as well as the type,
intensity, duration and the number of traumatic events (Alisic et al., 2014; Contractor, Layne,
Steinberg, Ostrowski, Ford & Elhai, 2013; Shaw, Espinel & Schultz, 2012).
PTSD in children, and PTSD resulting from in-utero exposure to traumatic stress are
associated with subsequent developmental delays, poorer physical health, comorbid mental
health problems, suicide ideation and substance abuse, as well as increased school absences,
poor learning, memory and achievement, and impaired relationships with parents, siblings,
peers and teachers (Breslau, 2009; Chu & Lieberman, 2010; Delamater & Applegate, 1995;
Fairbank & Fairbank, 2009; Laplante, Brunet, Schmitz, Ciampi, & King, 2008; Scheeringa,
2014). Children who have post-traumatic stress symptoms (PTSS), but do not meet formal
diagnostic criteria for PTSD, are also at risk of these outcomes (Pynoos, et al.,1993; Shaw,
Espinel & Schultz, 2012).
Exposure to prolonged stress can disrupt the development of the brain and neurological
systems of young children (Harvard Center on the Developing Child, 2006). PTSD is
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associated with changes to structures in the brain, notably the amygdala, hippocampus and
prefrontal cortex (Blair & Raver, 2012; De Bellis & Zisk, 2014), and dysregulation of the
autonomic nervous system and the hypothalamic-pituitary-adrenal (HPA) axis which control
biological functions related to sensory processing, breathing, heart rate, sleep, circadian
rhythm, digestion, and so forth (Gupta, 2013; Koss & Gunnar, 2017; Rees, 2014; Weems,
2015).
Studies indicate that PTSD arising in early childhood is likely to persist (Chu & Lieberman,
2010; Scheeringa, 2008). The most effective treatment for children with PTSD is individual
or small-group trauma-focused cognitive behaviour therapy (CBT), and this is most suitable
once children have reached the ages of 10-12 years (Barrett, Farrell, Ollendick & Dadds,
2006; Smith et al., 2013). Age and developmental status is important because children at
these ages are likely to have developed to the stage of cognitive development required to
differentiate thoughts, feelings, and emotions, and to be able to retrieve and discuss memories
– which are typically involved in CBT (Grave & Blisset, 2004; Salmon & Bryant, 2002;
Zilberstein, 2014).
Natural disasters, including earthquakes (EQs), are traumatic events associated with
significant and persistent mental health effects in the exposed population that are qualitatively
different from the effects of other types of trauma (Carrion, Weems & Bradley 2010; Galea,
Nandi & Viahov, 2006). Unforeseen natural disasters affect the entire community
simultaneously, significantly changing the types of medical and health services available.
Disasters also reduce the community support that is commonly available when individual
families experience a traumatic event. Disaters also can result in more than doubling of
baseline rates of mental health problems affecting an entire birth cohort (Masten & Narayan,
2012; McLaughlin, Fairbank, Gruber, Jones, Lakoma, Pfefferbaum, Sampson & Kessler,
2012; Overstreet, Salloum, Burch & West, 2011). And these effects are persistent (Moore &
Varela, 2010; Najarian, Sunday, Labruna & Barry, 2011; Shaw, Espinel & Schlutz, 2012;
Wang, Chan & Ho, 2013).
Although it is commonly believed that younger children would be more resilient, and/or
‘forget’ disasters they experienced at a young age, research has shown this to be false. Rates
of PTSD in young children have been reported to range from 17% post 911 to 50% 2.5 years
post-Hurricane Katrina (Schreeinga, & Zeenah, 2008). Developmental delay was reported in
15% of children aged 3-5 years from disadvantaged areas of Miami, Florida (USA), 18
months after Hurricane Andrew (Delamater & Applegate, 1995). In addition to direct
experience of traumatic events, children who were exposed to severe disaster-related stress in
utero have been shown to be more likely to be born low birth-weight, have lower cortisol
levels, and lower IQ scores and language difficulties, as well as lower school achievement
(Laplante, Brunet, Schmitz, Ciampi, & King, 2008).
Earthquakes are unique natural disasters because they occur without warning, can have
devastating consequences within a few seconds, and the effects are widespread throughout the
community (Huang‐Chih Chou et al., 2003; Guha-Sapir & Vos, 2011; Shaw, Espinel &
Schlutz, 2012). Unlike other natural disasters, such as hurricanes, floods and bush fires, there
is no warning to evacuate, protect one’s family, or gather emergency supplies before an
earthquake. Stress from unpredictable and uncontrollable events has more severe impacts on
the brain, as compared with predictable and controllable sources of stress (Munroe et al.,
2017; Tottenham & Sheridan, 2010).
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Earthquakes also generate unique community-wide post-earthquakes stressors (Galaea, Nandi
& Vaihov, 2005; Schiff, 1999; Smith, 2013). Earthquakes are invisible, as they occur beneath
the surface of the earth, which makes them much more difficult to explain to children, or for
children to understand, as compared to, say, hurricanes or floods, which can be seen coming
(Ross & Shuell, 1993). Research has shown that children younger than about seven years do
not understand the concept of chance events, and often attribute intention or purpose to such
events (Piaget & Inhelder, 2014). Thus, conventional explanations for earthquakes (EQ) as
‘chance’ or ‘accidental’ which are used to reassure and help older children and adolescents,
cope with disasters, are unlikely to be understood or ameliorate symptoms in young children
(Prinstein et al., 1997).
Earthquakes also destroy essential public services to a far greater extent than other disasters.
In other disasters, the distribution of the power, water, and sewage services is disrupted, while
in earthquakes, both the distribution networks and the substations are destroyed, resulting in
much more extensive damage, and more extended rebuild periods (Schiff, 1999; Huang‐Chih
Chou, et al., 2003). Damage to buildings is also different in earthquakes, in that the
foundations of many frame and masonry buildings are destroyed, and bridges, wells, and river
and stream embankments can be damaged (Smith, 2013). Earthquakes have unique impacts
on health care systems because of crush injuries, respiratory impacts, and disruption of basic
services due to structural damage to medical centres (Norris, Friedman & Watson, 2002;
Norris, Friedman, Watson, Byrne, Diaz & Kaniasty, 2002).
Exposure to earthquakes increases the risk of post-traumatic stress disorder (PTSD) and posttraumatic stress symptoms (PTSS) in children (Kar, 2009; Overstreet, Sallooum, Burch &
West, 2011; Proctor, Fauchier, Oliver, Ramos, Rios & Margolin, 2007). For example, 71.6%
of children aged 4-5 years had distress symptoms 8 months after the Northridge, California
M6.7 earthquakes (Proctor et al., 2007); 42.6% of children in grades 1-9 had probable PTSD
eight months after the M9.0 Great Japan earthquakes (Usami, Iwadare, Kodaira, Wantanabe,
et al., 2012); 22.9% of children aged 6-10 who lived very near the epicentre of the M5.7
L’Aquilla, Italy, earthquakes had PTSS 12-17 months later (Feo et al., 2014); 54.2% of school
children had PTSD 18 months after an M6.9 earthquake in Armenia (Goenjian, Pynoos,
Steinberg, Najarian et al., 1995) and 28% of children aged 8-15 had severe or very severe
PTSS 36 months after an M7.4 earthquake in Marmara, Turkey (Eksi & Braun, 2009).
Another important point is that, in the case of reactive post-traumatic stress (PTS) associated
with earthquakes, parenting does not “cause” PTS. The child’s fear response system,
including the amygdala and the HPA axis, is automatically activated by the sensation of the
earth shaking and the accompanying noise and visual signals. It is the child’s bodily
proprioception of an earthquake that immediately activates the HPA axis, not anything caused
by parents, or a parent’s reactions at the time an earthquake struck. Children experienced
more than 15,000 earthquakes and aftershocks in the Christchurch area (Geonet Science,
2014), and it is the duration, frequency and intensity of earthquakes, the number of repeated
HPA activations, and the timing of these events during the sensitive periods of child
development that has caused the post-traumatic stress in children.
Research indicates that children can exhibit PTS symptoms independent of parenting styles
(Salmon, Sinclair, & Bryant, 2007) and a recent review reported parenting contributed only
between 2-5% of the variability in children’s symptoms (Williamson, Cresell, Fearon, Hiller,
Walker & Halligan, 2017). Two recent reviews of treatments both reported that including
parents in the treatment did not have any impact on treatment outcome (Gutermann,
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Schwartzkopff & Steil, 2017; Morina, Koerssen, & Pollet, 2016), and this may be because
parenting behaviour is not the cause of the behaviour problems and because treatments tend
not to address the biological roots of PTSD.
It has been estimated that it may take ten or more years for a community to recover to predisaster functioning levels after an earthquake. Interventions to improve mental health are
aimed at reducing the length of time needed for recovery. As there will always be a gap
between the resources available for individual treatments and the number of individuals in
need, communities and researchers have sought to address this gap by providing interventions
in schools. Schools, including trauma-informed schools, have implemented interventions to
reduce the symptoms of PTSD on affected children. Literature reviews (Forman-Hoffman et
al., 2013; Rolfsnes & Idsoe, 2011; Zakszeski, Ventresco & Jaffe, 2017) pointed out that
typically schools were only the setting for traditional therapeutic interventions, which were
delivered by non-school personnel to only selected children in a school, and were not wholeschool strategies.
Canterbury experienced an unprecedented series of large earthquakes, beginning with an
M7.1 earthquake on 4 September 2010, which disrupted the community, closed schools,
destroyed much of the infrastructure and damaged family homes (McColl & Burkle, 2012).
The September earthquake was followed by 7 earthquakes of M<5.0. Then, on 22 Feb 2011
at 12:51 pm, a shallow M6.2 earthquake with an epicentre within Christchurch city limits and
upward ground acceleration velocities of 27.6 -72.6 cm/s hit (Crowe, 2013; Cubrinovski,
Huges, Bradley, McCahon et al. 2011; Daily Mail Reporter, 2010). The February 2011
earthquake resulted in 6600 injuries and 185 deaths, in a population of about 440,000 (McColl
& Burkle, 2012; Thornley, Ball, Signal, Lawson-TeAho, & Rawson, 2013). The February
earthquake was followed by more earthquakes of M5.0 or greater over the next 11 months,
and approximately 14,000 aftershocks of lesser magnitude (Crowe, 2013; Geonet Science,
2014).
This series of earthquakes is unique because of the extended period over which large
magnitude earthquakes were experienced and because of very strong vertical ground
accelerations which lifted buildings off their foundations (McColl & Burkle, 2012; Fergusson
& Boden, 2014; Reyners, Eberhart-Philips & Martin, 2014).
The earthquakes caused liquefaction across the central and eastern parts of the city,
destruction of the power, water, and sewage systems, extended school closures, destruction of
10,000-15,000 family homes, damage to more than 110,000 family homes of an estimated
140,000 pre-earthquake, and caused a significant drop in the nation’s gross domestic product
(Chang, Taylor, Elwood, et al., 2014; Cubrinovski, Robinson, Taylor, Hughes & Orense,
2012; Ferris & Petz, 2012; Guha-Sapir, Voc, Below & Ponserre, 2012; Massie & Watson,
2011; Van Ballegooy, Malan, Elwood, et al., 2014).
The frequency, severity and short inter-quake intervals of the Canterbury earthquakes meant
that residents repeatedly experienced acute events, immediate disaster responses, and longerterm consequences of the disaster in overlapping pathways. The frequency of the aftershocks
impeded recovery and increased the risk of mental health problems, as well as reduced
wellbeing. Some researchers believe that it is exposure to the vast number of post-disaster
stressors and the duration of the exposure over years that is a contributing cause of posttraumatic stress (Kessler, McLaughlin, Koenen, Petukhova, & Hill, 2012). In 2012, more
than half of the respondents to the CERA Wellbeing Survey reported that they lived in a
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damaged home. There was a related loss of social housing, with 95% of social housing units
sustaining damage. Subsequently, rents in available homes increased to high levels (35.7%
increase from November 2010 to November 2013). Increasing house and rent prices, coupled
with the loss of homes due to damage, was associated with crowding, and with more people
living in substandard circumstances (CERA Wellbeing Survey, 2013, 2014). Several
additional natural disasters – flood and fire – have also occurred in Christchurch
neighbourhoods.
Compared with pre-earthquake levels, the demand for mental health services had increased by
700 adults and 300 children per month by March 2017 (Meier, 2017). Secondary students on
the East side of Christchurch were particularly noted as suffering from mental health
problems including anxiety, low self-esteem and self-harm in April 2017 (Martin, 2017; The
Prime Ministers Youth Mental Health Report, 2016). As one principal described the situation
in her high school: students were "regularly" self-harming. "It is no longer surprising, and it's
happening with students at all year levels we work with" (Carville, 2017).
Liberty, Tarren-Sweeney, Macfarlane, Basu, and Reid (2016) studied the effects of the
Christchurch earthquakes and subsequent post-disaster stressors on children’s behaviour as
they enrolled in five schools in the east and south parts of Christchurch, the part of the city
most affected by the earthquakes. They reported a significantly increased prevalence of
children with high numbers of behaviour problems and six or more post-traumatic stress
symptoms as compared to a group of children who had not been exposed to the earthquakes,
assessed before they started school. Their study has continued, with teachers and parents
providing information on 308 children who started school in 2012, 2013, 2014, and 2015.
By the end of 2015, principals, teachers and parents in the ongoing study were reporting high
levels of stress associated with very concerning child behaviour problems. Strategies
implemented by schools, including, for example, programs to reduce anxiety, Positive
Behaviour For Learning, mindfulness, and referrals for children to mental health services, had
limited impact. Children, parents, principals, teachers, assistants, staff and school
volunteers—all were feeling the effects of the accumulation of stressful events. As stress
accumulates, everyone becomes less able to cope with the next trigger. In families and
schools, if one person is feeling stressed and having difficulty coping, everyone around them
will also feel the effects. Children were classrooms where 1 in 5 children had high numbers
of PTS symptoms, and more than half of the children had arousal symptoms. That would
make the classroom one with many stressors associated with many poorly behaved children
who were struggling to learn, were unpredictable and often had angry, irritable or defiant
outbursts. This environment would make it more likely that the effects of Trauma-FocusedCognitive Behaviour Therapy or other psychotherapies provided to individual or small groups
of children would not be maintained. An analysis conducted for the school principals
indicated that 42.2% of study children showed increasing or high levels of behaviour
problems.
Principals and teachers increasing concerns about children’s behaviour provided the impetus
for the “Reducing Stress in Schools” project. The aim of this project was to evaluate the
effects of school-wide interventions designed to improve children’s health.
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Methods
The study utilised an interrupted time series (Bor, 2016), in which the data collected at the
end of 2015 before the principals’ implementation decisions served as the baseline preintervention. Data collected by teacher-report at the end of 2016, following the
implementation of the strategies, was used to evaluate the Reducing Stress project. All
procedures were approved by an institutional human ethics committee, and informed consent
from schools and parents was obtained. Quality assurance processes were used to estimate
validity.
Participants
A purposive sampling procedure was used to recruit schools and participants in the EQexposed group, similar to that used in other disaster studies (Bal, 2008; Moore &Varela,
2010). Invitations to participate in the study were sent to primary schools from
neighbourhoods highly affected by the EQ in the south and east side of Christchurch, and five
schools consented. Characteristics of the schools are shown in Table 1.
The participating children entered school between Term 4 2012 through Term 4 2015. Of the
308 children, 54% were boys, and 46% were girls; 74.8% were European, and 17.3% were
Māori, and 82.5% were living with at least one biological parent. All attended preschool
(New Zealand provides 20 hours free preschool from age 3.5 years).
Parents reported on earthquake exposure. The children were born between 2007 and 2011 and
were in Christchurch through the earthquakes to the school entry. All of the children were
younger than 42 months of age at the time of the first earthquake, and some were not yet
born. Parents reported on additional known factors related to the seriousness of exposure:
1.7% of study children were themselves injured, and 9.7% knew someone who was injured or
died. More than 66% of the children lived in a house that was damaged, 94.9% of the children
experienced loss of services, water, electricity, and phone and almost 50.2% of the families
reported high levels of stress. According to the Land Damage Classification categories
(CERA, 2012), 17% had homes with TC3 (severe land damage) classification, 77.8% had
homes with TC2 (moderate) classification, and 5% had homes with an unknown classification
(social welfare homes). No participants had homes with the TC1 classification. Considering
their neighbourhoods, 30.8% lived in low-, 38.0% in mid- and 30% in high-deprivation
neighbourhoods. All of these are very important indicators of the severity of exposure to
recognised disaster-related stressors.
Settings
The school-level characteristics are shown in Table 1 (pseudonyms are used for school
names). The school decile, year levels included in the school and roll are publicly available.
All schools had buildings that were damaged in the earthquakes, and some schools had
ongoing repairs. At the same time, some changes were designed to increase the flexibility of
the learning spaces, for example, by removing or widening doorways, as part of the
innovative learning environments project (Ministry of Education, n.d.). Between 2012-2016,
all schools in the project were using traditional single-cell classrooms.
Pre-Intervention, Alpha School had slightly fewer study families reporting high stress and
Beta had the most parents reporting high stress. Kauri School was the only low decile school,
and also had the most children with 8+ behaviour problem scores entering school.
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Table 1. Characteristics of Study Schools Pre-Intervention.
Characteristic

Alpha
School

Beta
School

Fantail
School

Tui
School

Kauri
School

Years (Grades)

1-6

1-8

1-8

1-8

1-6

Roll

480

350

450

450

300

Decile

High

Mid

Mid

High

Low

Study Families with High EQ-Stress

44.4%

61.2%

47.9%

52.3%

52.6%

Children with 0 Behaviour Problems

38.8%

45%

31.6%

26.4%

18.9%

Children with 8+ Behaviour Problems
when starting school

16.4%

6.7%

15.8%

31.9%

48.7%

Measures
Behaviour Problems. Problem behaviours were measured by teacher report using the
Behavior Problems Index (BPI). The BPI has been used in longitudinal studies in the United
States since the 1990s (Byrd, Weitzman & Auinger, 1997; National Longitudinal Surveys,
n.d.; Panel Study on Income Dynamics, 2017; Rodgers et al., 2017). Teachers had no
difficulty scoring or understanding the BPI and rated each child on the 26 BPI items using a
3-point Likert scale (0=not true, 1=sometimes true, 2=often true). (For more information, see
Liberty et al., 2016).
Post-traumatic Stress Symptoms (PTSS). Measuring the number of symptoms in children
against a cut-off point is used to define PTSS in many research studies, due to the difficulties
of diagnostic protocols and processes in diagnosing young children against specific PTSD
criteria, particularly in post-disaster situations, when so many children are affected at the
same point in time (Fairbank & Fairbank, 2009; Feo, Di Gioia, Carloni, Vitiello, Tozzi &
Vicari, 2014). Fifteen or more different symptoms of PTSD in children have been identified,
including irritability, anger outbursts, fear, anxiety, impulsivity, social withdrawal, sadness,
difficulty concentrating and sudden mood changes (American Psychiatric Association, 2013;
Scheeringa, Zeanah & Cohen, 2011).
Respondents in studies of PTSS in young children are typically the child’s parent or main
caregiver. However, teachers may be more reliable reporters of children’s behaviour
including PTSS (Chemtob, Nomura, Rajendran, Yehuda, Schwartiz & Abramovitz, 2010;
Widyatmoko, Tan, Seyle, Mayawaati & Silver, 2011), because they can report more
conservatively on children’s symptoms, possibly due to the fact that they have a far wider
experience-base of typical and atypical behaviours as compared to parents, or might have less
bias (Maoz, Goldstein, Goldstein, Axelson et al., 2014).
For the present study, a 10-item screening-type subscale for PTS symptoms in young children
was constructed from teacher-reported BPI items matched to the CBCL PTSD subscale items
suitable for children aged 6 and younger, as described by Dehon and Scheeringa (2006).
Teachers were blind as to which items were used to estimate PTS. This approach to
estimating symptoms of post-traumatic stress was approved by a peer-review process (Liberty
et al., 2016).
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Environmental Stressors. Informal observations were conducted in the fourth term of 2015 to
determine the presence, or absence, of environmental variables that were reported to be
associated with stress in the literature review. These included (a) observing the colour of
classroom walls, the type and density of room decorations, (b) estimating noise levels using
an iPad app, SPLnFFT Noise Meter and (c) estimating light levels using an iPad app, Light
meter by Vlad Polyanskiy). Teachers reported times of day that were best for learning and the
times that behaviour problems were high in their classrooms, and their observations as to the
causes of behaviour problems. Principals reported the overall schedule of the school day.
Reducing Stress Intervention Strategies
“Reducing Stress” Strategies consisted of a package of interventions that met the following
criteria: (1) fit within the national bicultural context of New Zealand, as established by the
Treaty of Waitangi; (2) suit educational considerations of conditions at study schools and
within the context of learning in New Zealand schools (e.g., inclusive, Positive Behaviour for
Learning, Ka Hikatea; national standards) (3) be age and developmentally appropriate (4) fit
with the psychological research into the effects of natural disasters on children (5) promote
wellbeing rather than focus on deficits (6) have research evidence that children’s mental
health and wellbeing was improved (7) fit with the biological impacts of trauma on young
children.
Seventeen interventions were recommended as a package for reducing stress in schools (the
interventions are listed in Table 2). The individual interventions in the Reducing Stress
Strategy are described in the following section.
Improving Teacher and Principal Wellbeing
Three interventions were recommended to improve teacher and principal wellbeing.
Professional Development. Psychoeducation is a strategy that is highly recommended for all
professionals post-disaster (Shaw, Espinel & Schlutz, 2012), is a component of cognitive
behaviour therapy, and is acceptable within the context of professional development.
Professional development would deliver information to address teachers’ misconceptions,
such as that the children’s problems are a result of a breakdown in their teaching competence,
or their parenting, or that children are ‘born naughty’ (Tremblay, 2010).
The recommended intervention was that professional development is provided to teachers
about the effect of natural disasters and post-disaster stressors on children’s behaviour and
learning.
Teacher and Principal Wellbeing. Child behaviour problems predict teacher stress and
classroom emotional climate (Friedman-Krauss et al., 2014). The greater the number of
behaviour problems, the higher the degree of teacher stress. However, teacher health and
safety is a regulatory matter for schools, and a teacher’s wellbeing is a private matter that
teachers may well not wish to discuss in their place of employment.
The recommended intervention was that teachers be invited to consider a range of wellbeing
strategies within their school, and several suggestions about these were made.
For principals, The Reaching-In Reaching-Out Resiliency Training Programme for Service
Providers (RIRO) strategies have been specifically designed for young children and their
8
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teachers to build positive relationships toward resilience and coping skills (Pearson & Hall,
2017).
The recommended intervention for principals of strategy schools who were implementing
strategies was training in RIRO, and to evaluate its suitability for the teachers during 2017.
Improve Classroom Environment
Calm-Down Room Decor. Recent studies have shown that classrooms that are overly
decorated or cluttered, particularly with hanging objects or artwork, are associated with
reduced concentration and learning for children with attention problems, as compared to
classrooms with low levels of decorations (Barrett, Davies, Zhang & Barrett, 2015; Fisher,
Godwin & Seltman, 2014). One of the symptoms of chronic stress is reduced attention, and
highly decorated classrooms may exacerbate this problem.
An additional consideration is that 83% of study children saw falling objects during the
earthquakes, according to their parents’ reports. It is hypothesised that a hanging decoration
in a fearful child’s peripheral vision may be associated with an unconscious fear that objects
above them will fall. The hanging decorations, flickering in the child’s upper peripheral
vision, may be a trigger for intrusive thoughts, a loss of concentration or other reactions
associated with posttraumatic stress. Observations showed that approximately 94% of the
school classrooms had hanging decorations. All of the classrooms were more decorated than
the minimum recommended in the reviewed studies. However, classroom decorations can
also have an instructional purpose, such as providing cues and information useful for learning
(Imuta & Scarf, 2014), and displaying children’s work may improve children’s self-belief
about the value of their work (Maxwell & Chmielewski, 2008).
The recommended interventions were to remove all hanging decorations and to remove all
wall decorations above the child’s eye level and to limit wall displays of instructional aids and
children’s work to the child’s eye level and below.
Wall Colour. Studies that have evaluated wall colour have reported that children’s
achievement is lower in red-painted rooms compared with green rooms (Elliot & Maier,
2012) and that children feel more excited in red and purple conditions (Brooker & Franklin,
2015). Pale blue has been associated with lower levels of arousal (Küller & Janssens, 2009).
The recommended intervention was that paper of a suitable shade of pale blue be used to
make a temporary wall covering to obscure the dark or intense walls of classrooms.
Light Levels. Light levels are thought to affect mood, in that brighter light is associated with
increased dopamine and serotonin production (Golden, Gaynes, Ekstrom, Hamer, Jacobsen,
Suppes, et al., 2005); serotonin is also hypothesised to have an important role in the overall
functioning of the autonomic nervous system (Grider, Bertrand & Bornstein, 2017). Sitting
next to the window on a sunny day will provide more than the 1000-lux of bright light that is
associated with full alertness and better moods. Focus lighting of 1000lux at desk level has
been shown to improve the reading of children in USA grade 3 who are struggling (Mott,
Robinson, Williams-Black, & McClelland, 2014). Dim light may reduce hyperarousal levels
and may also signal ‘sleep’ to the autonomic nervous systems of children who are tired, and
teachers noted that turning off the lights or pulling the curtains across windows were
sometimes used to quieten class activity. However, dim light is not suitable for optimum
learning (Sleegers, Moolenaar, Galetzk, Pruyn, Sarroukh, & van der Zande, 2012). The lux
9
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level needed for reading, writing, and tasks at desks or tables and for listening to teachers has
been reported at 300 lux in research studies and this is the standard for learning set by the
New Zealand Ministry of Education (n.d.). Observations of the level of light in the centre of
the classrooms showed that 51.5% of the observations were not in the acceptable range – with
light that was too dim for learning.
The recommended interventions were to (1) remove decorations from windows (2) seat
children with learning problems near the window during instruction, (3) open curtains during
instructional sessions and (4) turn on lights during instructional sessions.
Noise Levels. Noisy classrooms reduce children’s learning and collaboration (Maxwell &
Evans, 2000; Mealings, Buchholz, Demuth & Dillon, 2015; McKellin, Shahin, Hodgson,
Jamieson & Pichora -Fuller, 2011). Stress-sensitive children are likely to be more sensitive to
noisy classrooms, as high noise can trigger a fear reaction, and they also will speak more
loudly to be heard. A noisy classroom is very stressful for teachers, as well, because the
teacher must speak an average of 10 decibels louder than the class to be heard (Pereira,
Tavares, & Martins, 2015), so noise levels can rise quickly. Noisy classrooms can act as a
constant source of stress for children, particularly children with dysregulated autonomic
nervous systems which modulate and interpret sounds from their environment (Horn et al.,
2017).
A noise level within the range of 35 to 40 decibels is considered to be optimum by the
Ministry of Education (n.d.). In the Strategies classrooms, the range of mean noise levels
across the schools was between 61 and 71 decibels.
The recommended intervention was to reduce noise using a freely available app, Too Noisy
Pro (http://toonoisyapp.com/), which could be displayed in each classroom, although only
anecdotal evidence was available to support this intervention. Other possibilities, such as
installing noise cancelling wall panels, were beyond the scope of this project.
Improve Child Health
Play Eat Learn. One aspect of the autonomic nervous system that is disrupted by chronic
stress is circadian rhythm – the ‘body clock’ (Rees, 2014). According to the principals of our
Strategy schools, the general timetable begins with some children arriving at school from 8
o'clock, and school starting at 9 o'clock. The times of day that teachers find the most and least
productive for learning were determined through the interviews. There was a consensus that
the best times for learning were approximately between 9 and 11:30 in the morning and the
most difficult times for classroom behaviour were following tea and lunch breaks, and late
afternoons, before the end of the school day at 3 pm. Some teachers commented that some
children are already upset and frazzled by the time school begins. A common trigger was that
behaviour was affected by conflict and excitement in the playground during play times in the
morning and at lunch, and “this spills over into the classroom”. Other teachers explained:
children are tired and have done a lot already [at the time behaviour problems occur; children
may not have eaten enough lunch, as some eat a lot of [the food sent with them to school by
their parents] at morning teatime; there are low energy levels and high arousal, issues arising
on the playground, hot or raining weather, and large gaps between eating times.”
The identification of possible relationships between scheduled eating times and behaviour
problems provides a key factor to understanding the context in which behavioural problems
were occurring in the Strategy Schools, as circadian rhythm, a function of the autonomic
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nervous system, is disrupted by PTSD. Traditionally, morning teatime and lunchtime include
a time set aside to eat followed by a time to play. Circadian rhythm is affected by the time of
day that eating occurs, and sufficient energy from food is needed for learning. According to
Getlinger and colleagues (1996), "It is crucial that children of primary school age receive
adequate meals to eliminate transient hunger, which may interfere with classroom
performance. Proper nutrition has been linked to readiness to learn, decreases in discipline
problems, and increased alertness in the classrooms.” Thus, one important environmental
context was the schedule of eating in relation to children’s learning and energy levels.
Playtime is vital to children’s development and learning, and having play breaks during the
school day can improve children’s thinking, appetite and learning. However, physical activity
and eating are also body functions of the autonomic nervous system, and, in children with
post-traumatic stress symptoms, these functions are highly likely to be dysregulated (Gupta,
2013; Rees, 2014). The dysregulation of the autonomic nervous system associated with
PTSD means that appetite and the processing of food by the body are also affected. PTS can
affect the digestion and processing of nutritional food (Chrousos, 2009; Van der Kolk, 2004;
Zhang, Zhang et al., 2015). It is estimated that about 87% of New Zealand school children eat
a healthy breakfast before school while 13% do not (Ministry of Health, 2013). Children who
miss breakfast, or children who have dysregulated autonomic nervous systems may be
missing out on the food necessary to sustain attention and maintain control over their
behaviour (Adolphus et al., 2013; Wesnes, Pincock, Richardson, Helm, & Hails, 2003). One
approach to assisting in the healthy re-regulation of the autonomic nervous system may be to
align the activity and eating functions with normal body rhythms (Yoshizaki et al., 2013), a
form of chronotherapy.
Changing the order of recess or playtime and lunch has been shown in overseas studies to be
associated with more food being eaten, a calmer lunchroom atmosphere, a dramatic decrease
in disciplinary problems during play time, and improvement in children’s ability to pay
attention in classrooms (Bark et al., 2010; Hunsberger, McGinnis, Smith, Beamer, &
O’Malley, 2014). This may be because the children are not rushing their lunch to get out to
the play with friends, or to claim a particularly desirable piece of play equipment, or similar
reasons.
The recommended intervention involved changing the schedule of the school day – reversing
the order of eating and playing for morning tea and lunch. In the USA, this intervention is
called “Recess Before Lunch” or ‘reverse recess.’ As New Zealand schools do not use the
term ‘recess’ and refer to “playtime’, the phrase “Play Eat Learn” was invented as a name for
this strategy.
Drink-to-Think, Think to Drink. Research has shown that children are often dehydrated, and
dehydration can affect the growth of their brain, as well as negatively affect their thinking
during the school day (Bar-David, Urkin & Kozminsky, 2005; Kempton et al., 2011; Kenney,
Long, Cradock, & Gortmaker, 2015). Many children are likely to be dehydrated following
play and lunch, and dehydration can contribute to poor concentration, memory and increase
impulsive behaviour. Water can be drunk with lunch, but children might still be dehydrated
after lunch, as children’s needs for water are different to adults (D’Anci, Constant &
Rosenberg, 2006; Kenney et al., 2015). The brain is comprised of up to 73% water
(Department of the Interior, 2016) and water is required to think (Gowin, 2010). Research has
shown that PTSD can also affect dehydration (Turnbull, 2006). When children are
dehydrated, their cognitive function can be impaired. Giving children water to drink can
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make an immediate and dramatic impact on their cognitive ability (Fadda et al., 2012; Fuchs
et al., 2016)
The standard recommendation for children is five glasses per day (1 litre) for 5 to 8-year-olds,
seven glasses (1.5 litres) for 9 to12-year-olds, 8 to 10 glasses (2 litres) for 13+ years (GibsonMoore, 2013; Ministry of Health, 2015).
The recommended intervention is a health education programme, “Drink to Think, Think to
Drink” (McClelland, Ismail, Liberty & Hooper, 2016). This programme is comprised of the
following elements: Teacher Professional Development, Parent Information, a programme
for students, including self-monitoring, and a transparent water bottle for each teacher (to
model drinking water) and each student for in-classroom use. Each pupil received a drink
bottle during the information session (Sistema Water systems). The bottle was introduced as a
gift to help the child look after themselves. As this intervention was developed for this
project because no suitable programme could be identified in the literature, there is no
evidence to support its use. However, each component of the programme is evidenceinformed.
Whole Meal+ Snack. As many children do not eat breakfast, or may eat a breakfast that is
high in sugar, research into improving children’s health and academic achievement has
studied the effect of a mid-morning snack on children’s learning (Benton & Jarvis, 2007;
Smith & Wilds, 2009). These studies provide evidence that adding a high carbohydrate snack
to the school day has potential benefits, particularly for children who do not eat breakfast and
for those with PTS symptoms whose digestion of foods may be affected.
The recommended intervention was the introduction of a mid-morning snack consisting of
complex carbohydrates (wholemeal bread) with dietary supplements from spreads (i.e., butter,
marmite, vegemite) into the Play Eat Learn schedule. The composition of the recommended
snack was based on nutritional analysis of foods available in the community.
Parent Strategies
Parent Information. The provision of psychoeducation through schools has shown promise
for parents of children with emotional or behavioural disorders and in understanding PTSD
(Lukens & McFarlane, 2004; Pollio et al., 2005). Psychoeducation is also a positive focus,
rather than a deficit focus, and emphasises understanding and prevention, rather than labelling
and blame, and fits within the inclusive society that New Zealand is building.
The recommended intervention was that information is disseminated to parents about the
effect of natural disasters and post-disaster stressors on children’s behaviour and learning.
Omega 3 Diet Supplementation. Research indicates that, on average, New Zealand children
are likely to have low levels of omega 3-fatty acids (Harika et al., 2013). Biological
psychiatric research indicates that stress during sensitive periods of development, such as the
years from 0 to 4 years, may affect the myelination of neurons (Schuchardt, Huss, StaussGrabo & Hahn, 2010). Stressed neurons and dysregulation of the autonomic nervous system
can cause the types of stress-related behaviours and health problems reported in the study
children (Hibbeln, Ferguson, & Blasbalg, 2006). Lack of Omega 3 is associated with poor
health and behaviour problems including aggression, especially in boys (Stevens, Zentall,
Abate, Kuczek, & Burges, 1996).
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Good neuron connectivity is vital for emotional regulation. If children do not have good brain
health, this can contribute to behaviour and body stress problems (Klengel, Pape, Binder, &
Mehta, 2014). A recent meta-analysis of 73 studies reported that adding Omega 3 to the diet
could produce significant reductions in children’s aggressive (Gajos & Beaver, 2016), and
studies have shown Omega 3 can make significant reductions in behaviour problems of
school-age children (Raine, Portnoy, Liu, Mahoomed, & Hibbeln, 2015).
Diet supplementation can be a contentious issue, and the decision to recommend diet
supplementation for very stressed children is not one to be taken lightly. Even children eating
a healthy diet may benefit from diet supplementation because their body stress may be
affecting their digestion. This is because stressed neurons with little or thin myelin sheaths
and dysregulation of the autonomic nervous system may reduce the body’s ability to make
use of the good healthy diets provided by parents as the autonomic nervous system affects
digestion. An addition to the diet is recommended to help support healthy neurons and benefit
the health of the autonomic nervous system.
The recommended intervention was that information is disseminated to parents of children
identified by the principal as having high numbers of stress-related behaviour problems about
the effect Omega 3 dietary supplement children’s behaviour and learning, and that parents
would be able to access 6-12 months of Nutralife Smart Bites for their child without cost.
Data Analysis Plan
The data collected by the teacher reports at the end of 2015 (Pre-Intervention) and the end of
2016 (Post-Intervention) was used to estimate the effects of the strategies. An additional
analysis forcused on a sub-set of study children continuously enrolled from their enroment in
school to the end of 2016. This was to exclude potential confounding of results due to
children who moved.
As a rough guide to indicate differences between schools, an Implementation Score was
calculated from the total number of strategies implemented, with one ‘point’ per strategy.
Schools that modified or delayed a strategy, for whatever reason, were given a half-point for
that intervention. The average intensity of interventions was also estimated by assigning one
point for each school term of implementation. These points were summed to produce a
“Total Implementation Score” to estimate the variation across schools in adoption of the
interventions.
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Results
Adoption of Interventions
The school community under the leadership of the school principal made the final decisions
as to the acceptability of each intervention (Table 2). Resourcing was made available through
donations to cover the costs associated with implementation. It was estimated that the first
step would involve five to eight weeks for planning and initial implementation, after which
time schools might see an initial reduction in problem behaviours over the subsequent six or
more months.
Table 2 Implementation of Recommended Interventions
Interventions

Alpha Beta
Fantail Tui
School School School School

Kauri
School

Professional Development

0

√

√

√

√

Teacher Well-being

0

√

√

√

√

Principal Well-being (RIRO programme) 0

0

√

√

√

Teacher & Principal Wellbeing

Improve Classroom Environment
Remove hanging decorations

0

√

√

√

√

Reduce wall decorations

0

√

√

√

√

Change wall colours

0

0

0

0

0

Remove decorations from windows

0

√

√

√

√

Seat children near windows
Open curtains during instruction

0
0

0
0

0
0

0
0

0
0

Turn on lights during instruction

0

0

0

0

0

Too Noisy App

0

0

0

0

0

Play Eat Learn Schedule

0

Term 4 ½ Day

√

√

Drink to Think-Think to Drink

0

Term 4 0

0

√

Water Bottles
Whole Meal + Snack

0
0

Term 4 √
0
Parent

√
√
Parent √

Parent Information

0

√

√

√

√

Parent-child Omega 3

0

√

√

√

√

School Terms

0

1

3

3

3

Total Implementation Score

0

9.5

13

13.5

15

Improve Child Health

Parent Strategies
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All of the schools were invited to participate in the Strategies Project in September/October
2015. Alpha School declined to participate in the strategies project, because, as the principal
explained, the staff were tired of trying new things since the earthquakes and had decided to
keep the status quo for 2016. Among the other schools, there were differences in the uptake
of individual interventions. Beta School had wanted to participate, but the resignation of the
principal and delays in finding a new principal meant that some strategies were not introduced
until the fourth term.
The Too Noisy App was trialled and rejected as not suitable to activities in a collaborative
classrooms. The recommended intervention of keeping the curtains open during instruction
was rejected as the curtains were needed to reduce glare and sunstrike. The recommended
intervention of seating children with learning problems next to the window during instruction
was rejected as those spaces were hot and used for other non-learning activities. The
recommended intervention of turning on the lights during instruction was rejected as the
fluorescent lighting was noisy, flickered, and was not suitable.
The strategies associated with child health, including Play Eat Learn, and the water and whole
meal snack programmes were more challenging for schools to implement. Although Tui and
Fantail schools did not reject the strategies, the school community did not see the school as
needing to be the provider of water and food in addition to their usual practices and felt that
parents could support this change. Also, school budgets could not sustain the costs of soleschool provision beyond the end of the resource period and parent-provision was sustainable
in these mid and high decile schools.
Effects of Strategies
Evaluation of the effects of the strategies naturally fell into two groups. Group 1, Schools
Alpha and Beta, were identified as having no, or limited strategy implementation, and
comprise the “Low/No Implementation Group. Group 2, Schools Fantail, Tui, and Kauri had
Implementation scores of 75% or more, and comprise the “High Implementation Group.”
There were very negative and concerning changes in the None/Low Implementation Group
(Table 3). By the end of 2016, the proportion of children with zero behaviour problems had
dropped by 33%, and the overall proportion of children in the 8+ problem group had
increased by 13%, with the greatest increase in the 15+ group. The opposite was true at the
High Implementation Schools.
Table 3. Percent of Children by Behaviour Problem Category at the at the end of 2015 (PreIntervention), and at the End of 2016 (Post-Intervention) in the Implementation Groups (same
children at all time points).
Behaviour
Problem
Score

Implementation Group
None/Low

High

Zero
1-2
3-7

Pre
46.6%
17.8%
15.1%

Post
31.2%
26.0%
16.4%

Pre30.9%
17.0%
21.2%

Post
39.5%
21.6%
18.0%

8-14
15+

11.0%
9.6%

9.6%
13.7%

14.5%
16.4%

10.2%
10.8%
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At the High Implementation Schools, following the first year of implementation of the
Reducing Stress Strategies, and for the first time since these children began school, the
proportion of children with zero behaviour problems increased to 39.5%. This indicates that
the implemented Reducing Stress strategies helped these children develop or improve their
self-regulation skills.
If one or two behaviour problems are considered as an acceptable level, 55.5% of the PreEarthquake group had Behaviour Problem scores of 0-2, and, following the first year of
strategy implementation, 61.6% of children in these schools also had scores in this category.
Considering children with 8+ behaviour problem score, this also showed an impressive result.
For the first time since the children entered school, the proportion of children with high
behaviour problems decreased. Although there were still 21% of the children with scores in
the 8+ categories, this was a decrease of 32.9%.
School-Level Results
The percent change in the 0 behaviour problems and the 8+ behaviour problems groups by
individual school (Table 4, Figure 1) was examined in order to evaluate whether the change
was related to strategy implementation. These data indicated that the degree of change
appears to be related to the degree of implementation, with schools which implemented more
of the strategies showing greater change.
The data indicate that Alpha School, which implemented no strategies, had a substantial
increase in children with 8+ behaviour problems. In contrast, Beta School, and all of the high
implementation schools had a decrease in the proportion of children with high behaviour
problem scores. There is an observable relationship between the degree of implementation
and the effect (Figure 1, black bars).
Table 4. The Percentage of Children by School in Zero and High BPI Categories (same
children at both time points).
Characteristic

Alpha
School

Beta
School

Fantail
School

Tui
School

Kauri
School

School Implementation Score
Zero Behaviour Problem Score Pre
Post

0
48.9%
27.6%

9.5
50%
37%

13.0
38.9%
44.4%

13.5
29.7%
43.1%

15
18.2%
30.0%

8+ Behaviour Problem Score

21.2%
37.9%

22.0%
17.4%

24.1%
17.7%

23.1%
12.5%

49.1%
36.0%

Pre
Post

The data shown in Figure 1 indicate that the two schools with None/Low Strategy
Implementation had a decrease of more than 20% each in children with zero behaviour
problems (dotted bars), indicating a decrease in children with good self-regulation.
However, the opposite is shown in the High Implementation Schools, with increases relative
to the estimated intensity of implementation. Tui and Kauri Schools, with the highest level of
implementation, had the strongest positive change. These schools also had the most children
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with 8+ behaviour problems at school entry, and the fewest children with zero behaviour
problems (Table 1).

Percent Change Pre to Post
Intervention

100
80
60
40
20
0
-20
-40
-60

Alpha (0)

Beta (9.5)

0 Behaviour Problems

Fantail (13.0)

Tui (13.5)

Kauri (15)

8+ Behaviour Problems

Figure 1 The Percentage of Pre-Post Change in Children with 0 and Children with 8+
Behaviour Problems in the schools, from the end of 2015 to the end of 2016. The
Implementation Score for each school is shown.
Change in Prevalence of Children with Posttraumatic And Arousal Symptom
As the Reducing Stress Strategies aimed to promote calm and reduce arousal, the data were
also examined to determine if the changes in the behaviour problem scores reflected changes
in children with PTS and arousal symptoms. The data shown in Table 5 indicates a similar
pattern to previous results, with Alpha and Beta Schools showing a reduction in children with
zero scores, and Fantail, Tui and Kauri showing an increase in the children with zero teacherreported PTS or Arousal symptoms.
Table 5. Percent Change in Children with Zero PTS and Zero Arousal Symptoms by School
Characteristic

Alpha
School

Beta
School

Fantail
School

Tui
School

Kauri
School

Children with 0 PTS
Symptoms
Children with 0 Arousal
Symptoms

-41.7%

-18.4%

+14.7

+50%

+65%

-37.8%

-10%

+6.3%

+19.4

+44.1

Changes in Mean Scores
Changes in mean scores are calculated to show a different, complementary, impact of the
strategies. Principals and teachers are more interested in the frequency of children with
behaviour problems, as, in their experience of teaching children, they differentiate by the
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number of children with behaviour problems in their school or classroom. An average across
the school does not appear as meaningful as the number of children with behaviour problems.
The mean changes in school BPI scores, PTS, and Arousal symptoms (Figure 2) show similar
patterns, with increases in the No/Low Implementation schools and decreases in the High
Implementation schools (Figure 1). In the three High Implementation schools, the mean
change was from 6.8 behaviour problems per pupil at the end of 2015 to 4.8 per pupil at the
end of 2016 (p=0.001). This is an average reduction of 2 behaviour problems per pupil.
Behaviour Problems

PTS Symptoms

Arousal Symptoms

Figure 2. Pre-Post Changes in Group Means by Implementation Groups for Behaviour Score,
PTS Symptoms, and Arousal Symptoms
Discussion
The results show that the implementation of the Reducing Stress strategies was associated
with a 27.5% increase in the proportion of children with zero behaviour problems as rated by
their teachers, in schools with high implementation levels. The schools that did not
implement the strategies, or reported a low or delayed implementation, had a 33% decrease in
the proportion of children with zero behaviour problems. Children with zero behaviour
problems may be considered as children with strong self-regulation skills. As these are the
same children followed from school entry through the end of 2016, and since such an increase
has not been shown previously, this is strong support for the impact of the Reducing Stress
strategies. The fact that the schools that implemented more of the interventions had greater
effects gives weight to the interventions being the proximal cause of the change.
Results also show that the implementation of the Reducing Stress strategies produced a 32.9%
decrease in children with 8+ behaviour problems. Over the same period, schools that had no
or low implementation saw an increase of 13% in the proportion of children in the 8+
behaviour problem score categories. As these are the same children followed from school
entry through the end of 2016, and since such a decrease has not been shown previously, this
provides strong support for the impact of the Reducing Stress strategies, which was an
average reduction of 2 behaviour problems per pupil. The fact that the school that
implemented the most interventions had a larger proportionate increase in children with zero
behaviour problems suggests the importance of considering Reducing Stress strategies as a
holistic package. The results for Beta School also suggest that the duration of implementation
is important. Considering both Beta and Fantail Schools, the results also suggest that Play Eat
Learn, implemented throughout the school day and over several school terms, may be a key
element in achieving additional benefits from the strategy implementation.
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Limitations and Strengths
This study has limitations as it is missing experimental controls normally present in
experimental designs (e.g., fidelity of intervention implementation), including quasiexperimental design (Bärnighausen, 2017), and it has not been submitted to a journal for peer
review. There were also some limitations to the measures (e.g., multi-informant measures)
and there was lack of randomisation (Liberty et al., 2016). It was not possible, for example, to
randomly select schools in the environment of on-going aftershocks and changes announced
by the Ministry of Education. Similarly, since Play-Eat-Learn involved changing the entire
school schedule, and since children in all schools moved from room to room during each
school day, it was not possible (nor desirable) to randomly assign classrooms.
In the present context, a RCT or tightly controlled experiment was not available for several
reasons. 1) Schools had volunteered their participation and were not randomly selected, and
would not accept randomisation. 2) Strategies involved the whole school, so selecting
classroom-level randomisation would not be possible. 3) Random assignment undermines the
authority and leadership of the school principal. 4) Planning and obtaining ethical consents
for a quasi-experimental study might lead to a delay. Since behaviour had reached
unmanageable levels, a delay was ethically questionable. 5) Even a wait-listed control group
could be regarded as having negative consequences or ethical implications (Bor, 2016) in
delaying access to the interventions, as previous results had shown that a substantial number
of children had worsening problems. Other researchers in another setting, with suitable
funding, may be able to conduct a RCT of the intervention strategies.
Another limitation is a lack of any conventional measure of fidelity of implementation. In
controlled experiments, it is essential that interventions be implemented as precisely as
possible. However, this need for precise implementation for experimental control is one of
the limitations in translating interventions into the ‘real world’, where such tightly controlled
conditions are not possible. Attempting to quantify how the schools implemented the
strategies using the Implementation Score is one limitation of this study because it cannot
provide assurance that the strategies were implemented as intended. In fact, it is clear in the
information from principals that strategies were adjusted and adapted in each school
community. For instance, the principals could have differed in how they identified children
for Omega-3 supplementation. On the other hand, the principals’ control is a likely
contributor to the principals’ decision to adopt interventions and to continue them the
following year.
Another limitation in regards to the Implementation Score has to do with its sensitivity. As
there were no metrics or research available for indicating the relative “weight” or importance
of any given strategy, all strategies were considered to contribute equally to the effects of the
intervention. While this aligns with research on protective factors, which, similar to risk
factors, have a cumulative effect, rather than a weighted effect (Klasen, 2015; World Health
Organization, 2014), there is no empirical evidence to support this approach to quantifying
intervention implementation. For example, it may be that Play Eat Learn was less important
than removing hanging decorations in reducing symptoms. With the present study, there
would be no means of determining this. A factor analysis in subsequent research is advocated
because such experimentation would be of enormous usefulness for schools to identify which
interventions produce the greatest effects.
Most importantly, these limitations mean that there exists a strong possibility that the results
obtained may be due to other factors, such as, perhaps, changes in teaching style between the
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schools or natural recovery rates after a disaster, chance, or to other, unidentified events.
Although it would seem unusual that children attending Alpha and Beta schools showed less
“recovery” as compared to children attending Fantail, Tui and Kauri schools, as children were
of similar ages, and had similar exposures to the earthquakes and post-disaster stressors, it is a
possibility that cannot be ruled out. Continuing data collection during 2017 to 2018 may
provide additional information relevant to this limitation.
Interpreting the results is also limited by a failure to identify a suitable comparison in the
published literature. Although it is perhaps inappropriate to compare the results of this study
with results of other school-based studies, particularly as the results represent only the first
step of a planned three-step intervention sequence and follow-up results are not yet available,
such comparisons are commonly discussed in experimental studies. Tol and colleagues
(2014) conducted a clustered randomised controlled trial of the effects of a multi-tiered
intervention, including universal, targeted and indicated strategies with 329 children affected
by war, and found no significant reduction in PTSD symptoms, as compared to the small to
moderate change in the present study. However, the intervention studied by Tol and
colleagues (2014) included targeted and individual treatments. It was the hypothesis of the
present study that targeted, and individual, treatments would be more effective and durable if
the levels of classroom behaviour problems were reduced before the introduction of targeted
interventions. Therefore, comparison with the results of Tol and colleagues’ (2014) study
would be more relevant following the introduction of the interventions planned for 2017 and
2018.
In searching for a comparison, Pfeferbaum, Varma, Nitema and Newman (2014), in a review
of whole school interventions, identified that whole school interventions had only been
studied as preventive interventions (i.e., before an adverse event), while after a traumatic
event, interventions were almost entirely based on cognitive behaviour therapy and delivered
in groups to targeted students. Brown and colleagues (2017) identified 36 studies, 15 of which
were conducted after natural disasters. Of the studies, one group included a classroom-based
programme, ERASE-Stress, but this was for older children, aged 12-15 years. A similar
classroom programme was delivered to adolescents who experienced the Great Japan
Earthquake and Tsunami of 2011 (Okuyama, Funakoshi, Tomita, Yamaguchi & Matsuoka,
2017). A programme for younger children was delivered following the Sichuan earthquake.
This involved non-verbal arts and play activities suitable for grade four students (61.8% girls)
delivered about once per month by specially trained art teachers and therapists. However, as
Ho, Lai, Lo, Nan and Pon (2017) report, there were no significant results.
Zakszeski, Ventresco, and Jaffe (2017) critically reviewed school-based interventions and
identified the need for new approaches because the existing approaches “incorporated largely
reactive, direct services to students provided by external clinicians or researchers” (p. 316).
In particular, the researchers identified the importance of the education of school personnel
about the effects of traumatic events, not only in terms of improving the adoption of strategies
but because “student outcomes may differentially improve and sustain when interventions are
implemented by school personnel with whom students have consistent contact” (p. 317).
As this paper is prepared, no study with a similar approach to assisting a community of
children affected by a long series of disasters and disaster-related events has been identified.
Thus, the results are difficult to contextualise within the existing literature.
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Bicultural Limitations and Strengths
This study is limited in that the interventions have not been reviewed for cultural acceptability
or studied according to Kaupapa Māori processes (Macfarlane & Macfarlane, 2012; Mane, J.,
2009; Walker, Eketone, & Gibbs, 2006). This is important because Maori may be especially
vulnerable to the effects of traumatic events, as many experience additional adverse events
associated with inequality, poverty and racism; particularly racism in housing and health
services (Flett, Kazantzis, Long, MacDonald, & Millar, 2002; Marriott, & Sim, 2015). Hirini,
Flett, Long, and Millar (2005). and Reid, Taylor-Moore and Varona (2014) reported that
Māori are also more likely to experience traumatic events, including historical trauma.
Te Whare Tapa Whā is one Māori model of wellbeing that metaphorically rests on the four
walls of a whare, as described by Mason Durie (1994: Ministry of Health, 2017a). These
“walls” are Taha Tinana, Taha Wairua, Taha Whānau and Taha Hinengaro. Although these
terms are not easily translated into English, they may be considered as representing the
dimensions of physical health, spiritual health, family health and mental health. On the
positive side, the interventions, considered as a package, provide positive support to children
from professionals for health and wellbeing, which is a key to resilience for Māori (Lambert,
Mark-Shadbolt, Ataria, & Black, 2012).
In terms of diet, Maori traditionally ate Toheroa (paphies ventricosa), which is high in
Omega-3, and many other kinds of seafoods as a staple of their customary diet, but dietary
changes in the 20th century, and the apparent collapse of some seafood habitats seem to have
reduced fish and shellfish consumption (Anthoni, 2009) and may have resulted in Omega-3
deficiencies. This information may be useful in cultural responses to the suggestion of Omega
3 dietary supplement (Rei & Hibbeln, 2006).
The whare model reminds us that wellbeing is not something that can be parcelled out or
divided up and that mental health is always entwined with physical health. Supporting child
health is respectful, and does not have implicit blame that is inherent in some behavioural
parent-training interventions.By addressing both Taha Tinana and Taha Hinengaro, the
inventions in the present study indicate one possible pathway toward acceptability for Māori.
This model is also a reminder that it is not sufficient when planning interventions to consider
only one aspect of stress, such as psychological impacts, but strategies must seek to improve
holistic wellbeing as mental health cannot be separated from physical health or other factors.
Strengths
One major strength of this study is the innovative combination of evidence-informed
strategies to address the biological symptoms of PTS in the schools attended by children who
had experienced a very extended period of earthquakes, floods, and other disaster-related
events. In comparison with other studies, these strategies do not rely on professional
clinicians for implementation and do not require teachers to engage in additional teaching
activities. The innovative strategies are suitable for all children in primary school settings,
and require few additional resources. All of these considerations are especially important in a
community struck by disaster, with limited mental-health resources and clinicians. The
quality assurance procedures are also strengths of this study.
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Quality Assurance
This study was limited in experimental controls. However, quality assurance procedures
suitable for schools were implemented to strengthen the study (Cuttance, 2003).
Acceptability
The quality of the interventions can be determined by their acceptability to the schools. Of the
17 interventions shown in Table 2, only wall-colour changes were not able to be implemented
due to lack of suitable resources. This left 16 strategies (16 of 17, 94.9%). Of these, four
interventions were rejected by the schools. Thus, four interventions (4/17, 23.5%) were
rejected by teachers in all schools. All of the other recommended interventions were adopted
by at least one school (12/17). Of these 12 interventions, those that were less likely to be
adopted were the Drink To Think, Think to Drink programme (2 schools) and the Whole
Meal+ Snack (1 school).
Considering the four schools that received recommended intereventions, the interventions for
the Calm Down the school environment and Omega 3 were implemented by all of the
schools. Thus, these strategies have a quality assurance associated with social valdity.
Quality assurance can be estimated using an alternative metric based on the implementation
score. Overall, if all five schools had implemented all 17 potential strategies over the three
terms possible, an implementation score of 20 for each school would provide an overall score
of 100. Considering all of the schools, the total achieved implementation score is 51. If only
the three schools who received descriptions of the strategies, and the rationale for their
implementation are considered, the overall implementation score is 41.5/60 (69.2%). This
gives an estimated metric as to the quality of the recommended interventions.
Social Validity
Social validity, or “consumer satisfaction” with the goals, methods and outcomes of
intervention is an important quality-assurance factor in whether evidence-based practices are
selected and implemented in educational settings (Cook & Odom, 2013; Kazdin, 1977; Rapp
et al., 2010). Another quality assurance step was to ask principals at the end of 2016 if they
planned on continuing the strategies in 2017. The principals of the four schools who had
implemented strategies all said they would continue them. As the principals made this
decision in November of 2016, based on their own experiences in the schools, without the
benefit of the end of year data, this was a significant social validation of the goals, methods
and impact of the strategies, and assisted them in the decision to continue with the strategies.
One principal shared the email received from a parent.
May 2016
Hi [Principal]*
As we discussed this morning, the new play/eat arrangements are working really well
for my boys. X and Y are far more pleasant in the afternoons.
Previously after school time has been very fraught with lots of meltdowns and
frustration from both boys. They would come around after a huge afternoon tea and
lots of downtime, but it was very stressful for everyone.
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The difference over the past week has been huge. The boys were clearly tired after
their first week back, but still coping well with life which is a much appreciated
improvement! We've had conversations on the way home instead of tears. Afternoon
tea is a pleasant shared catch up time, not a desperate attempt to shovel food into
them while they argue with each other. They're much more able to independently play
and get started on their own activities - even playing together without much
fighting! ...has even expressed interest in completing some home learning where
previously he would be 'too tired'.
I can only put this down to the change in the eating schedule. I'm putting a lot more
into their lunchboxes and it is all being eaten. They're not ravenously hungry when
they get home.
While this outcome is not the main intention of the new arrangements, I can only
imagine you're receiving some of these benefits at school too.
I'm a fan.

Consumer Confidence in Results
Although this study is missing experimental controls that can be used to assess the efficacy
of the intervention, quality assurance procedures can provide an estimation of whether the
results reported on the study children (research sample) can be generalised to the school as a
whole. The results were presented to the principals in March of 2017. At that time, the
principals of four schools confirmed that the data from the study children matched up with
their overall analysis of the behaviour in their school by the end of 2016 (the principal of
Alpha School declined to participate in the discussion). This discussion also considered that
the results had been influenced by teachers’ perception of the strategies and their overall
purpose. However, it is very unlikely that these results are due to the teachers in the High
Implementation group reporting overly positive results, because, as the principals admitted,
the teachers were not informed that the changes at the school, for instance, Play Eat Learn,
were related to the pre-intervention teacher reports. Also, when the data were collected at the
end of the year, teachers would have become accustomed to the strategies and are very
unlikely to have associated them with the child’s behaviour at the time they were completing
the reports. In the anecdotal notes provided by the teachers during the teacher-report process,
not a single note mentioned Omega 3, water bottles, scheduling changes or anything that
could be construed as being related to the strategies. Finally, the changes were reported
across many teachers, not just one or two. Thus, this can give some confidence that the
results accurately reflect the impact of the Reducing Stress Strategies.
In May 2017, the results were shared with local principals at the invitation of the Canterbury
Primary Principals Association, who had donated funding to support school implementation.
Following this presentation and subsequent meetings, nine primary schools and five early
childhood centres volunteered to trial the Reducing Stress Strategies in their schools to
determine whether the results could be replicated. These schools serve more than 4000
pupils. At present, baseline data collection of a sample (e.g., every 5th child on the school
roll) from each replication school and preschool is underway, under the leadership of the Te
Paeroa RTLB Cluster, led by Maureen Allan and Liz McNaughton. Post-intervention will be
collected after 12 months. In addition, a high school has expressed an interest in adapting
strategies as appropriate for their age levels. Data from the replication study will provide
additional evaluation of the interventions.
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Implications
Controlled experiments by other researchers in additional schools are required to further
examine the effects of the interventions. This is required because of the need for effective
whole-school interventions for children with stress-related disorders (Zakzeski, Ventresco &
Jaffe, 2017).
The results of this study are encouraging, because reducing behavioural problems associated
with PTS may provide a developmental window for the improvement of the functioning of
the amygdala and hippocampus, as these continue developing at least until age 18 years
(Barsglini, Sartori, Benetti, Pettersson-Yeo, & Mechelli, 2014; Tottenham & Sheridan, 2010).
In the Christchurch earthquakes, fear activation of the amygdala and the HPA axis occurred
many times, and, most likely, more than 100 times. These repeated experiences may
dysregulate the autonomic nervous system, as previously explained, and lead to PTSD, or
PTS, with the symptoms expressed in children’s behaviour.
Studies have shown that positive intervention results can improve brain function associated
with some mental health problems, including PTSD (Davidson & McEwen, 2012, Zhu et al.,
2017). The non-psychological interventions used in the present study may also be associated
with improvement in brain functioning. Hydration with 150 ml water to individuals in a 30°C
environment produced significant changes in the parts of the brain associated with stress,
including the amygdala, and improved mood and cognitive function (Young, Johnston, &
Benton, 2017).
The strategies may be helpful for children who have experienced other types of adverse
events and developed similar symptoms. According to Stoddard (2014), this can include:
“attachment disorder, disinhibited social engagement disorder, adjustment disorder, acute
stress disorder, posttraumatic stress disorder (PTSD), and PTSD for children 6 years and
younger, separation anxiety disorder, persistent complex bereavement disorder, mood
disorders, disruptive behavior disorders, borderline personality, psychoses, somatoform
disorders, and substance abuse disorders” (p. 243). Children with ADHD have recently been
shown to have disrupted circadian rhythm (Coogan & McGowan, 2017), and omega 3 has
shown promise in re-regulation of dysregulated circadian rhythm in children with attention
problems associated with ADHD (Buchhorn et al., 2017).
The results suggest a role for physical and environmental characteristics of schools, in
conjunction with dietary supplementation for some children, that affect stressed children’s
behaviour independent of various common explanations for child behaviour problems, such
as socio-economic status of the children’s families. As schools are part of complex systems
contributing to mental health and wellbeing, future research should include the possibility that
factors of the school environment, such as physical characteristics of classrooms, the daily
schedule, and the availability of water and food may have a contribution to child behaviour
problems beyond individual interventions or classroom management strategies.
Resilience and vulnerability to stress are intricately associated with the autonomic nervous
system and brain functions (Franklin, Saab & Mansuy, 2012), although the tendency is to
focus on mentation and psychological functions. As stated most eloquently by Boden and
colleagues (2016), in reference to a study of positive outcomes in youth transitioning to
adulthood, “Rather than a static, individual trait, resilience becomes a set of resources that are
able to be enhanced by the actions of others, such as the professionals and caregiving adults
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who are involved in the lives of vulnerable children, and in this way the impact of risks on
later outcomes can be modified.”
Based on this study, principals, teachers and parents can trial the present study’s relatively
simple interventions to improve children’s resilience to stress. As there is a biological
correlate of children’s responses to disaster (Weems, 2015), it is only logical to consider
biologically correlated interventions.
I hope that these conclusions motivate interest in how environmental aspects of schools affect
child behaviour and mental health. I encourage educational psychologists to think broadly
about how to support better mental health in schools.
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