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Abstract 

Background: teen Mental Health First Aid (tMHFA) is a universal mental health literacy, stigma reduction, help-
seeking, and suicide prevention program designed for adolescents in Years 10–12 of secondary school (16–18 years). 
tMHFA is delivered by trained instructors, in a regular classroom setting, to increase the knowledge, attitudes and 
behaviours that adolescents’ require to better support peers with mental health problems or mental health crises.

Methods: To explore the efficacy of tMHFA, a cluster crossover randomised controlled trial was conducted with Year 
10 students in four schools in Victoria, Australia, using physical first aid training as the control intervention. Of the 1942 
eligible students, 1,624 completed baseline and 894 completed follow-up surveys. Online surveys, administered one 
week before training and again 12-months later, included vignettes depicting peers John (depression and suicide risk) 
and Jeanie (social anxiety/phobia), measures of mental health first aid (quality of first aid intentions, confidence, first 
aid behaviours provided, and first aid behaviours received), mental health literacy (beliefs about adult help, help-seek-
ing intentions), and stigma (social distance, weak-not-sick, dangerous/unpredictable, and would not tell anyone).

Results: The primary outcome—quality of first aid intentions towards the John vignette—showed statistically 
significant group x time interactions, with tMHFA students reporting more helpful and less unhelpful first aid inten-
tions, than PFA students did over time. Confidence in providing first aid also showed significant interactions. First aid 
behaviours—both those provided to a peer with a mental health problem and those received from a peer—showed 
null results. Ratings of both beliefs about adult help and help-seeking intentions were found to be significantly 
improved among tMHFA students at follow-up. A group x time interaction was found on one stigma scale (would not 
tell anyone).
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Background
Mental health problems (MHPs), such as anxiety, depres-
sion and their sub-clinical symptoms, are a leading cause 
of disability among young people [1]. MHPs not only 
cause immediate distress for adolescents, they also often 
disrupt important social, physical and psychological 
milestones necessary for healthy transition into adult-
hood [2]. Even though approximately half of all mental 
illnesses experienced across the lifespan present by mid-
adolescence [3, 4], few adolescents receive treatment [5]. 
For young people who do access mental health care, there 
is often a delay between presentation of symptoms and 
seeking professional help, which complicates treatment 
outcomes and prognosis [6]. Adolescents are, however, 
more likely to seek initial help from informal sources 
such as friends or family [7, 8]. This presents an oppor-
tunity for social contacts to facilitate a young person’s 
access to appropriate mental health care. Yet, for this to 
occur it is important that the people who surround teen-
agers have the knowledge and skills to recognise and 
appropriately respond to MHPs and crises [8].

The provision of mental health literacy programs in 
secondary schools has proliferated over the last decade, 
but evaluation research typically involves uncontrolled 
trials with short or no follow-up measurement [9, 10]. 
Without high-quality controlled trials with longer-term 
follow-up, it is impossible to tell whether short-term 
improvements to knowledge or attitudes are sustained 
and thereby likely to improve early recognition and 
appropriate help-seeking among young people and 
across the course of adolescence [11]. The current paper 
reports on outcomes at 12-month follow up of a cluster 
cross over (CRXO) randomised controlled trial compar-
ing a Mental Health First Aid (MHFA) training program 
to a matched emergency physical first aid (PFA) training 
course among 1942 students in Year 10 at four secondary 
schools in Australia.

Mental health first aid is defined as the support pro-
vided to an individual who is developing a mental health 
problem, experiencing a worsening of an existing prob-
lem, or in a mental health crisis. Support is given until 
appropriate help is received or the crisis resolves [12]. 
Mental health first aid skills have been taught in Mental 
Health First Aid Australia (MHFA) training programs, 

first developed by Kitchener and Jorm in 2000 [13]. Two 
recent meta-analyses of MHFA courses found that train-
ing designed for adults decreased the recipients’ stigma-
tising attitudes towards individuals with mental illness, 
improved their mental health literacy, confidence in pro-
viding first aid, quality of first aid intentions, and beliefs 
about appropriate treatment, for up to 6-months follow-
ing the training [14, 15].

teen Mental Health First Aid (tMHFA) is a program 
designed to teach adolescents to better help peers 
with MHPs or crises [16–18]. The senior version of the 
tMHFA course is comprised of three 75-min sessions 
and is targeted at teenagers in years 10 to 12 of second-
ary school in the Australian education system [18]. As 
previously described [17], tMHFA aims to improve men-
tal health literacy, increase the quality of first aid actions 
provided to peers—including those at risk of suicide—
and decrease stigmatising attitudes towards mental ill-
ness. The course was developed from research evidence 
on effective, age-appropriate first aid strategies and 
importantly, emphasises when and how to enlist the help 
of an appropriate adult [17].

An initial evaluation of tMHFA involved an uncon-
trolled pilot trial with 988 students across four Austral-
ian schools. Student survey data collected at baseline, 
one week post-training and three months later showed 
significant increases in students’ confidence in provid-
ing first aid to a friend, mental health literacy, and help 
seeking intentions, as well as decreased stigma and psy-
chological distress following the training [17]. A subse-
quent cluster crossover randomized controlled trial [19] 
was then conducted comparing tMHFA to a matched 
PFA training program. Significant group-by-time inter-
actions with medium effect sizes favouring tMHFA 
were found on quality of first aid intentions, on confi-
dence supporting a peer, and number of adults rated 
as helpful. Greater reductions in stigmatising beliefs, 
and ‘unhelpful first aid intentions’, were also reported. 
The current paper builds on those pre-post results by 
reporting on student outcomes at 12-month follow-up 
in the same CRXO trial [20].

It was hypothesised that, at follow-up as compared to 
baseline, adolescents who received tMHFA would report 
greater increases in the quality of first aid intentions 

Conclusions: This trial showed that, one year after training, tMHFA improves first aid intentions towards peers with 
depression and suicide risk, confidence in helping peers with mental health problems, willingness to tell someone 
and seek help from an adult or health professional if experiencing a mental health problem.

Trial registration: This research was registered with Australia New Zealand Clinical Trials Registry: ACTRN 12614 00006 
1639.
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and behaviours, confidence, help-seeking intentions and 
beliefs about the helpfulness of adults—as well as greater 
decreases in stigmatising attitudes and unhelpful first aid 
intentions and behaviours—than students who received 
PFA training.

Methods
The descriptions below follow the CONSORT 2010 state-
ment and extension for cluster randomised trials [21].

Aim
The CRXO trial aimed to examine the efficacy of the 
tMHFA intervention in improving students’ mental 
health first aid towards peers, increasing mental health 
literacy, and reducing stigmatising attitudes, as compared 
to a matched comparator PFA intervention. The current 
paper aimed to evaluate students’ longer-term outcomes 
by analysing data collected one year after participation in 
either the tMHFA or a matched PFA training program.

Fig. 1 CONSORT Participant flow diagram
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Trial design
CRXO is a refinement of the matched-pair cluster design; 
in CRXO trials, all clusters (schools) receive all inter-
ventions with the sequence of administration being ran-
domly assigned.  In the current study, two schools were 
enrolled as a matched pair, based on similar scores on 
the Index of Socio-educational Advantage (ICSEA) and 
the size of their Year 10 cohort. It was a condition of 
participation that schools agreed to have all students in 
their Year 10 cohort eligible to receive first aid training 
and to participate in evaluation surveys. Schools were 
randomised to receive either intervention sequence one 
(tMHFA provided in Year 1, followed by PFA provided 
in Year 2), or sequence two (PFA provided in Year 1, fol-
lowed by tMHFA provided in Year 2). Two matched pairs 
(four schools in total) were randomised to receive either 
tMHFA or PFA in the first year for their entire Year 10 
cohort. The trial was conducted over four years from 
2014 to 2017. In 2014, the first pair of schools received 
their first intervention (one school received tMHFA 
and the other PFA). In 2015, these schools received the 
opposite intervention for their new Year 10 cohort, while 
their previous cohort completed the 12-month follow-up 
survey. In addition, a new pair of schools joined the trial 
and received their first year of interventions. In 2016, the 
second Year 10 cohorts in the first pair of schools com-
pleted their 12-month follow-up surveys, while the sec-
ond pair of schools received their opposite intervention. 
In 2017, the second cohort of students in the second pair 
of schools completed their follow-up surveys. This design 
allows counterbalancing across schools, whilst also con-
trolling for within-school variance, by using intervention 
crossover in subsequent waves. Individual school charac-
teristics are shown in Table 1.

Participants
To be eligible, schools needed to be Government funded 
(rather than independent/private), agree to two consecu-
tive cohorts of Year 10 students undertaking three survey 
sessions (baseline, post-training and 12-month follow-
up) and three training sessions (once per week over three 
weeks) in regular class time, and agree to withhold  any 
overlapping mental health classroom curriculum or pro-
grams,  until the completion of the research. Students 
were eligible to participate in the  evaluation surveys 
if they had parental consent and provided assent at the 
beginning of  each  survey. Students with a known men-
tal health problem, previous experience of mental illness, 
suicide behaviour or bereavement, were encouraged to 
speak to their mental health professional, school coun-
sellor and/or parents before deciding whether to par-
ticipate. Passive parental consent was used. The research 

team provided parent, teacher and student informa-
tion sessions,  and  electronic and hardcopy information 
statements, three weeks prior to baseline measures. Par-
ents could opt their child out of the training or the evalu-
ation by returning a signed form to the participating 

Table 1 Participant characteristics by school and intervention

a All students in Year 10 received teen Mental Health First Aid training (tMHFA)
b All students in Year 10 received Physical First Aid training (PFA)
c All students who completed student assent, age and gender, and at least one 
item on the John vignette were included in the analytic sample
d Analyses were conducted according to the intention to treat principle; all 
participants with missing data at follow-up were included in analyses (n = 1605) 
as well as an additional three students who gave data at follow-up only 
(n = 1608)
** Significant group difference found at the p ≤ .001 level

tMHFAa PFAb Combined

School 1 (ICSEA = 1031)

 Eligible at assignment 159 170 329

 Sample at baseline (n)c 116 115 231

 Sample at 1 year follow-up (n) 61 61 122

 Age (M, SD) 15.92, 0.52 16.03, 0.52 15.97, 0.52

 Gender (% female) 36.21 38.26 37.23

 English First Language (% yes) 74.14 74.78 74.46

School 2 (ICSEA = 1050)

 Eligible at assignment 230 230 460

 Sample at baseline (n) 200 209 409

 Sample at 1 year follow-up (n) 116 133 249

 Age (M, SD) 15.65, 0.39 16.06, 0.40 15.86, 0.45

 Gender (% female) 48.00 45.45 46.70

 English First Language (% yes) 84.5 87.08 85.82

School 3 (ICSEA 1091)

 Eligible at assignment 300 280 580

 Sample at baseline (n) 231 233 464

 Sample at 1 year follow-up (n) 101 114 215

 Age (M, SD) 15.84, 0.42 15.76, 0.44 15.80, 0.43

 Gender (% female) 38.53 45.92 42.24

 English First Language (% yes) 85.28 83.26 84.27

School 4 (ICSEA 1097)

 Eligible at assignment 300 273 573

 Sample at baseline (n) 261 240 501

 Sample at 1 year follow-up (n) 185 120 305

 Age (M, SD) 15.89, 0.62 15.90, 0.64 15.89, 0.63

 Gender (% female) 49.04 48.75 48.90

 English First Language (% yes) 52.11 47.08 49.7

Total Sample
 Eligible at assignment 989 953 1942

 Sample at baseline (n) 808 797 1605

 Sample at 1 year follow-up (n) 463 428 891d

 Age (M, SD) 15.82, 0.51 15.92, 0.52 15.87, 0.52**

 Gender (% female) 43.94% 45.55% 44.74%

 English First Language (% yes) 72.77% 72.15% 72.46%
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school. To protect the identity of these families, no data 
were gathered on non-consenters.

Interventions
Both interventions consisted of  three 75-min classroom 
sessions, presented by trained instructors external to the 
host school, according to  a  manualised curriculum. In 
each intervention, students were provided with a specific 
program booklet and completion  certificate.  Training 
was normally completed within three weeks (one session 
per week).

teen Mental Health First Aid
A detailed explanation of the  tMHFA  program, includ-
ing a detailed description of the training curriculum and 
the frameworks that informed its development, has been 
provided elsewhere  [17], but relevant details are noted 
here. Session 1 covered information about mental ill-
ness, prevalence, burden and the importance of early 
intervention. Session 2 covered the tMHFA action plan 
and how to help a friend experiencing a mental health 
crisis. Session 3 provided further detail on the action 
plan, appropriate professional help seeking and how to 
help a friend who is developing a mental health prob-
lem. Training for students involved a PowerPoint pres-
entation, videos, role-plays, group discussion,  small 
group  and workbook  activities, all manualised and 
delivered by trained instructors who completed at least 
5.5 days of training [17, 18].

Because a core message  of the  tMHFA  training is to 
seek assistance from a trusted and reliable adult when 
a peer is experiencing a mental health problem, the 
14-h Youth MHFA course  [22]  was also  offered  to staff 
and parents (separately) at participating schools. This 
course is for adults living or working with young people 
and ensured that adults who were likely to be called upon 
to assist adolescents as a result of tMHFA were confident 
in providing support and could facilitate appropriate 
referral pathways.

Physical first aid
PFA training for students was adapted from the Basic 
First Aid training program for adults provided by Red 
Cross. Session 1 covered the DRSABCD action plan, CPR 
and use of an automated external defibrillator. Session 2 
covered basic first aid for common accidents and injuries 
in adolescents, including sprains, strains, wound care, 
fractures and dislocations, concussions and asthma. Ses-
sion 3 covered anaphylaxis, poisons, exposure to heat and 
cold, diabetes and seizure.

Program delivery involved instructor introductions 
of topic content, role-plays using  mannequins, band-
ages and splints, and group discussions. PFA instructors 

underwent a minimum of 3 days training in first aid, plus 
an additional certificate-level course in Workplace Train-
ing and Assessment (8-week full-time equivalent).

Outcome measures
The  survey, which  was modified from previous national 
mental health literacy surveys with youth [23] and evalu-
ations of  tMHFA [17], measured mental health first aid 
(helpful and unhelpful intentions, confidence in provid-
ing help, quality of mental health first aid behaviours 
provided to a peer and quality of mental health first aid 
behaviours received from a peer in the last 12-months), 
mental health literacy (beliefs about helpfulness of adult 
sources of help, help-seeking intentions), and stigmatis-
ing  beliefs (social distance, weak-not-sick, dangerous/
unpredictable and would not tell anyone). A measure of 
generalised psychological distress (the Kessler six item; 
K6), of correct recognition of the diagnostic label in 
the vignette, and of experiences with physical first aid 
in the past year, were also administered at baseline and 
12-month follow-up, but results are published elsewhere 
[19, 24].

The survey presented two vignettes: one (John) depict-
ing an adolescent with suicidal ideation and symptoms 
matching DSM-5 and ICD-10 criteria for a depressive 
disorder  [25, 26], and another (Jeanie) with symptoms 
matching criteria for social anxiety/phobia [25, 26]. 
Vignettes are provided in Supplementary Document 1. 
A  description of all measures, including reliability coef-
ficient omega (ω), is provided in Table 2 [27].

Measures of mental health first aid
The primary outcome for this study was quality of men-
tal health first aid intentions. Participants were  asked 
to endorse any of 12 possible actions towards John, then 
again towards Jeanie. The possible actions were designed 
to be consistent with the  tMHFA action plan (i.e., help-
ful intentions) or  contrary to the plan  as distractors 
(i.e., unhelpful intentions; see Table 2 for examples). For 
the helpful intentions subscale, a simple count of the 
number of actions endorsed was used. For the unhelp-
ful intentions subscale, scores were non-normally dis-
tributed with heavy skew, as these actions were rarely 
endorsed. Accordingly, scores were dichotomised at 
0/1–6 and mixed effects logistic regression models run. 
The quality of intentions  measure was chosen because 
research shows that intention ratings correlate strongly 
with future behaviours [28]  and because  the quality of 
young people’s mental health first aid intentions has been 
shown to predict subsequent helping actions  two  years 
later [29]. Further, all participants could report on their 
first aid intentions, allowing adequate power to detect 
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group x time interactions with the full sample; changes 
in mental health first aid behaviours provided to a peer 
could only be analysed on the smaller subset of respond-
ents who reported having contact with a peer experienc-
ing a mental health problem or crisis.

Confidence in providing first aid to a peer was meas-
ured with a single item on a 5-point Likert scale, with 
higher scores indicating higher confidence [17, 30].

Quality of mental health first aid behaviours was exam-
ined using the First Aid Experiences Questionnaire [17]. 
This was presented last in the survey, to avoid priming 
responses to the vignette-based measures. Definitions 
were first provided to students, in accordance with the 
teachings of the tMHFA program; a mental health prob-
lem was defined as “a major change in a person’s normal 
way of thinking, feeling or behaving, which interferes 
with the person’s ability to get on with life, and does not 
go away quickly or lasts longer than normal emotions or 
reactions would be expected to”. The survey stated that 
this might involve a diagnosed mental illness, a worsen-
ing of mental health, an undiagnosed problem, or a drug 
or alcohol problem. A mental health crisis was defined 
as when “a person is at increased risk of harm to them-
selves or to others”. The survey stated that crisis situa-
tions might include having thoughts of suicide, engaging 
in self-injury, being very intoxicated with alcohol or other 
drugs, or experiencing bullying or abuse. Students’ first 
aid experiences were assessed at baseline and follow-
up by asking if in the last 12-months they had contact 
with anyone who they thought might have a mental 
health problem or experienced a mental health crisis. 
If they reported having contact, the student was asked 
how many people they had contact with, and whether 
they had offered any help. If students answered ‘yes’ or 
‘not sure’ to offering help, they were then asked “What 
did you do to help the person?” and were presented with 
12-response options (these were the same as the options 
shown in the quality of first aid intentions measure). Six 
options were concordant with the tMHFA action plan 
(i.e., helpful behaviours), and six were discordant (i.e. 
unhelpful behaviours); students could select as many as 
applied. The use of forced-choice responses was an adap-
tation from previous research, which found that when 
asked to provide free-text descriptions of first aid behav-
iours students provided such scant detail, then further 
truncated responses over time, that quantitative analyses 
could not be reliably conducted [17]. Questions about 
experiences providing and receiving first aid for medi-
cal emergencies or physical injuries were also asked and 
these results have been published elsewhere [24]. Qual-
ity of first aid behaviours was measured by calculating 
the mean number of helpful and unhelpful responses, 
when taking into account having had the opportunity to 

provide mental health first aid (i.e. having reported being 
in contacted with someone their age who was experienc-
ing a mental health problem or crisis). For the unhelpful 
behaviours subscale, scores were again non-normally dis-
tributed, and therefore dichotomised at 0/1–6.

At baseline and follow-up, students were also asked 
if they had experienced a mental health problem or 
crisis themselves in the last 12-months. Students were 
instructed to report any mental health problem they 
thought they might have experienced, whether or not 
this was formally diagnosed by a health professional. 
For those who said ‘yes’ or ‘not sure’, further questions 
were asked, including whether in the last 12-months 
someone had tried to support them with their prob-
lem or crisis, and from whom this was received (friend, 
parent, other family member, health professional or 
teacher). Where a friend was reported, students were 
asked what the friend did to help. To respond, students 
could select from 10 responses; six were helpful actions 
and four unhelpful/harmful actions, as per the provi-
sion of quality MHFA intentions (the options ‘did noth-
ing’ and ‘avoided talking about suicide because it might 
have put the idea in their head’ were omitted from the 
original 12-item list). Quality of first aid received was 
measured by calculating the mean number of help-
ful and unhelpful behaviours received from a friend, 
taking into account the number of students with the 
opportunity to receive mental health first aid (i.e. hav-
ing reported experiencing a mental health problem or 
crisis themselves) within the last 12-months. Again, due 
to non-normal distribution, the unhelpful behaviours 
received variable was dichotomised.

Measures of mental health literacy
Beliefs about sources of adult help were assessed by ask-
ing participants to rate the helpfulness of a range of indi-
viduals who have a role in student wellbeing (e.g., teacher, 
parent).  Although beliefs about self-help or social sup-
port have also been a feature of other mental health lit-
eracy research [31, 32],  the current study only analysed 
data on adult sources of help because the need to engage 
adult help is a key message of the  tMHFA training. The 
number of adults that were endorsed as helpful was 
counted at baseline and again at follow-up.

To examine help-seeking intentions, students were 
asked to respond to the question If I had a problem right 
now like John’s, I would… with 10 response options pro-
vided. Students were asked to endorse as many options 
as they liked. A 5-item unidimensional help-seeking 
intentions scale was formed from three items address-
ing support from others and two items on avoiding help, 
which were reverse scored. Scores for this scale were cal-
culated by summing the number of items endorsed. The 
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remaining items were self-help strategies, which were not 
an explicit focus of tMHFA and included as distractor 
items.

Measures of stigma
Measures of stigmatising beliefs included the Social 
Distance Scale (SDS) [33]  and the Depression Stigma 
Scale (DSS) [34, 35], modified for use with the John/
Jeanie vignettes  [17]  and evaluated as four distinct fac-
tors: social distance, weak-not-sick, dangerous/unpredict-
able and would not tell anyone [36]. The first three factors 
were scales used as measures of personal stigma (i.e. the 
negative attitudes held about others with a mental health 
problem) while the last was a single item measuring self-
stigma (i.e. the internalisation of negative attitudes oth-
ers’ hold about mental health problems, directed towards 
the self ).

Covariates
Students were also asked demographic questions and 
completed the K6 [37]. Students were asked to indicate 
their age in years and the number of months since their 
last birthday (0–11). To indicate gender, students were 
asked to select from the options ‘male’, ‘female’, ‘identify 
with another term’. Students were also asked if English 
was their first language/the language they spoke at home 
(‘yes’ or ‘no’). Gender and age were significant predictors 
of data missingness, while gender and K6 scores signifi-
cantly predicted the likelihood of offering and receiving 
help over the past 12-months. Language was not signifi-
cantly associated with outcome measures and therefore 
not entered into analyses.

Statistical analysis
The data were analysed with mixed models for con-
tinuous and binary outcome variables, with group-by-
measurement-occasion interactions. This method takes 
into account the data’s hierarchical structure (i.e. the 
correlation of measurement occasions within students 
and within clusters). These maximum likelihood-based 
methods are able to produce unbiased estimates when a 
proportion of the participants withdraw before the com-
pletion of the study, based on the reasonable assumption 
that these data are missing at random.

With the cluster-crossover design of four schools and 
two periods (eight x year 10 cohorts), models included 
a random effect for the school-year cohort clusters, 
and fixed effects for school, year, gender and age. This 
adjusts for the correlation of student responses within 
school-year cohort clusters. Gender and age were 
included as fixed effects in order to help meet the miss-
ing at random assumption, given they were associated 
with missingness.

School year cluster intraclass correlation coefficient 
(ICC) indicates the proportion of variability in the out-
come attributable to school-year clusters. Where there 
were no baseline imbalances, effect sizes (Cohen’s d) 
were calculated by dividing the difference between the 
two group means at 12-month follow-up by their pooled 
standard deviation. With baseline imbalances, Cohen’s 
d was calculated by dividing the mean change score in 
each condition by the pooled standard deviation at fol-
low-up. Analyses were performed in Stata 14 between 
2018–2021.

Statistical Power
It was conservatively estimated that there would be 
100  Year  10 students per school, with a 50% con-
sent + assent rate. Across four schools and eight clusters, 
this would give 400 adolescents (200 per intervention). 
The estimated intra-class correlation for students 
(ICC = 0.003) at the school cluster level was  based on 
findings from previous research [17] and  not included 
in the power calculations due to  the  likely  small design 
effect  and  the  counterbalancing of schools. With an 
assumed 0.70 correlation between pre-post measure-
ments, the study would have a 0.80 power to detect small 
(d = 0.17) group-by-measurement occasion differences at 
α = 0.05.

Implementation
The research team emailed a request to all accredited 
Youth MHFA  instructors in the Melbourne area ask-
ing for an introduction to any secondary schools with an 
expressed interest in receiving training for staff and stu-
dents. Two schools agreed to participate through this 
mechanism. A further two schools were selected to form 
matching pairs on Index of Socio-Educational Advan-
tage (ICSEA; M = 1000, SD = 100) [38] and Year 10 cohort 
size in the first year. Schools were required to be within 
1.5SD on ICSEA and within 100 students in size. These lat-
ter two schools did not have previous MHFA training and 
were ‘cold called’. The resulting four schools were enrolled 
in the trial upon completion of a research agreement signed 
by the  principal. A random sequence generator (SPSS) 
was used by the trial manager to generate the treatment 
sequence for the two pairs of schools, with the  research 
assistant  assigning the first school enrolled to sequence 
one, the second school enrolled to sequence two, and the 
remaining schools assigned according to the opposite 
sequence of their matched pair.  Although randomisation 
was at the cluster level, the primary outcome was analysed 
at the individual level, as the aim of this research was to 
understand the impact of first aid training on students’ sup-
portive intentions towards their peers, rather than impact 
on  the  school community. Research assistants, instructors 
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providing training and students could not be blinded to 
intervention. However, research staff coding and analysing 
data were blinded to measurement occasion, school identity 
and condition. All survey and intervention sessions were 
conducted between April 2014 and August 2017. Although 
the paid provider of the PFA sessions  changed  after year 
1, no changes to the content presented or research methods 
occurred after trial commencement.

Results
The flow of participants throughout the trial is depicted 
in Fig. 1.

Mental health first aid
Table 3 outlines results for continuous and categorical mental 
health first aid outcomes at 12-month follow up as compared 
to baseline, for students undertaking PFA and tMHFA.

Quality of first aid intentions
On the helpful first aid intentions subscale for the John 
vignette, a significant group x time interaction was 
found. From baseline to follow-up, students receiv-
ing tMHFA endorsed significantly more helpful first 
aid intentions towards John, than students receiving 
PFA. For Jeanie, although the number of helpful inten-
tions endorsed was slightly higher at follow up than at 
baseline among the tMHFA students, this did not quite 
reach statistical significance (p = 0.056) when compared 
to scores over time reported by those receiving PFA.

On the unhelpful first aid intentions subscale for the 
John vignette, a significant group x time interaction 
was also found. The proportion of students receiving 
tMHFA who endorsed at least one unhelpful first aid 
action towards John, reduced from baseline to follow-
up. Although the proportion of students receiving PFA 

Table 3 Outcomes on measures of mental health first aid intentions, confidence and behaviours

All mixed models were adjusted for school, year, gender, age (and K6 scores for Quality of first aid provided to/received from a peer). Boldface indicates statistical significance
a For John vignette depicting peer with symptoms of depression & suicide risk n = 791; for Jeanie vignette depicting peer with symptoms of social anxiety n = 769
b For John vignette n = 807; for Jeanie vignette n = 792
c For John vignette n = 429; for Jeanie vignette n = 409
d For John vignette n = 465; for Jeanie vignette n = 446
e Large effect size Cohen’s d = 0.8, medium effect size d = 0.5, small effect size d = 0.2
f Period-cluster intraclass correlation coefficients (ICC) indicate the proportion of variability in the outcome attributable across clusters
g This measure was the primary outcome
h Scores were non-normally distributed (rarely endorsed), so were dichotomised at 0/1–6; values shown are % scoring 1 or above and mixed effects logistic regression models
i Includes those who reported offering help at either timepoint; n = 483 at baseline, n = 136 at follow-up, n = 215 at both points, n = 834 total
j Scores were non-normally distributed with heavy skew (rarely endorsed), so were dichotomised at 0/1–6; values shown are % scoring 1 or above and mixed effects 
logistic regression models based on scores from n = 834
k Includes only those who reported experiencing a mental health problem at baseline and 12 m follow-up and receiving help from a peer; n = 309
l Scores were non-normally distributed with heavy skew (rarely endorsed), so were dichotomised at 0/1–6; values shown are % scoring 1 or above and mixed effects 
logistic regression models based on scores from n = 309

MHFA outcomes Baseline 1-year follow up

PFAa tMHFAb PFAc tMHFAd

M SD M SD M SD M SD M diff 95% CI p de ICCf

Quality of first aid intentionsg

 Helpful intentions – John 3.76 1.58 3.77 1.49 3.62 1.51 4.06 1.67 0.44 0.25–0.64  < .001 0.28 .004

 Unhelpful intentions –  Johnh 68.1% 68.3% 66.2% 53.8% OR 0.42 0.27–0.65  < .001a .000

 Helpful intentions – Jeanie 3.22 1.58 3.3 1.53 3.32 1.51 3.57 1.62 0.2 -0.01–0.4 0.056 0.16 .003

 Unhelpful intentions –  Jeanieh 60.3% 57.5% 53.3% 49.1% OR 0.83 0.54–1.29 .419a .001

Confidence in helping
 John 3.63 0.99 3.54 0.97 3.34 1.02 3.58 0.94 0.33 0.21–0.46  < .001 0.24 .004

 Jeanie 3.7 0.99 3.69 1.01 3.54 0.99 3.71 0.92 0.15 0.02–0.28 0.021 0.18 .008

Quality of first aid provided to a peer
 Helpful behaviours  providedi 3.08 1.67 3.09 1.72 3.11 1.64 3.39 1.64 0.26 -0.10–0.63 .159 0.17 0.000

 Unhelpful behaviours  providedj 60% 54.0% 49% 35% OR 0.62 0.31–1.22 .163 0.000

Quality of first aid received from a peer
 Helpful behaviours  receivedk 2.99 1.57 2.86 1.46 3.13 1.52 2.54 1.36 -0.53 -1.12–0.06 .079 -.4 0.070

 Unhelpful behaviours  receivedl 49% 48% 47.2% 34.4% OR 0.34 0.10–1.20 .093 0.000
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who endorsed at least one unhelpful action towards John 
also reduced over time, this was much smaller. On the 
unhelpful intentions subscale for the Jeanie vignette, no 
significant group x time interaction was found. However, 
the endorsement rate was consistently low for Jeanie and 
perhaps this led to a floor effect.

Confidence
Significant group x time interactions were found for 
students’ confidence in helping both John and Jeanie. 
Twelve months after receiving training, tMHFA students 
reported higher levels of confidence in helping a peer, 
than students receiving PFA did, for both vignettes.

Quality of first aid behaviours provided to a peer
At baseline 430 (56%) of PFA students and 430 (55%) of 
tMHFA students reported having contact with a peer 
experiencing a mental health problem or crisis. Of those, 
335 (78%) of PFA and 363 (84%) of tMHFA students 
reported offering the peer some help. This difference was 
statistically significant (OR = 1.93, CI95% = 1.10–3.39, 
p = 0.023), suggesting an imbalance upon randomisation 
had occurred.

At follow up, 201 (50%) PFA students and 199 (45%) 
tMHFA students reported having contact, and of those, 
176 (88%) PFA and 175 (88%) tMHFA students reported 
offering help. There were 104 PFA students and 111 
tMHFA students who reported offering help at both time 
points. There was no significant group x time interaction 
in the odds of offering help to a peer with a mental health 
problem. In addition to being in the tMHFA group, being 
female and having a higher K6 score were also significant 
predictors of offering help at baseline. As a result, these 
variables were accounted for in the multilevel models, as 
presented in Table 3.

Any student who reported offering help at either 
time point was included in the quality of help provided 
to a peer measure and their scores subject to multilevel 
analysis. There was no significant group x time interac-
tion, however, at follow up the mean score on the helpful 
behaviours subscale had increased by 0.3 points among 
tMHFA students, but by 0.03 points among PFA stu-
dents. This difference was associated with a small effect 
size, though not statistically significant. Both females and 
those with higher K6 scores were more likely to report 
helpful behaviours.

The proportion of students endorsing at least one 
unhelpful behaviour at baseline was 60% for PFA stu-
dents and 54% for tMHFA students. At 12-month follow 
up, this had changed to 49% for PFA students and 35% for 
tMHFA students. The reduction in unhelpful behaviours 
was statistically significant for both groups. Although 

tMHFA students showed slightly greater reductions 
than PFA students, there was no significant group x time 
interaction. Females were less likely than males to report 
at least one unhelpful behaviour.

Quality of first aid behaviours received from a peer
At baseline, 15.6% (n = 119) PFA students and 17.5% 
(n = 137) tMHFA students self-reported a mental health 
problem or crisis in the last 12-months. Of those, 74% of 
PFA (104) and 73.5% of tMHFA (125) students reported 
having received help from a peer. At follow-up 18% 
(73) PFA students and 15.4% (67) of tMHFA students 
reported a mental health problem or crisis in the previ-
ous 12 months. Of those, 79% of PFA students (72) and 
63.5% of tMHFA students (61) reported having received 
help from a peer. There was no significant group x time 
interaction for frequency of reporting having received 
help from a peer. There were 26 PFA students and 27 
tMHFA students who reported having had a mental 
health problem or crisis and reported having received 
help from a peer at both time points. Consistent with 
intention-to-treat principles, all students who reported 
receiving help at any time were subject to multilevel anal-
ysis on the quality of help received from a peer measure, 
as presented in Table  3 (n = 150 PFA, n = 159 tMHFA). 
Females and those with higher K6 scores were signifi-
cantly more likely to report having received help from a 
peer and these variables were therefore included as fixed 
effects in the multilevel models.

The mean number of helpful behaviours received from 
peers, as reported at both baseline and follow-up, was 
around 3 (of a possible 6) and did not show any signifi-
cant changes over time, nor significant group x time 
interaction. Those reporting higher K6 scores, older age 
and female gender were significantly more likely to report 
having received helpful behaviour from a peer, regardless 
of group allocation.

The proportion of students who reported one or more 
unhelpful behaviours received also showed no significant 
changes over time, across groups, or interaction effects. 
Those reporting higher K6 scores were significantly more 
likely to report having received an unhelpful behaviour 
from a peer and this was therefore accounted for in the 
multilevel model.

Mental health literacy
Table  4 outlines results for mental health literacy out-
comes. Significant group x time interactions were found 
for the number of adults that students rated as helpful for 
both John and Jeanie. One year after receiving training, 
students receiving tMHFA listed more adults as helpful 
than students receiving PFA.
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Significant group x time interactions were also found 
for student ratings on the help-seeking intentions meas-
ure, in response to both vignettes. One year after train-
ing, tMHFA students were more willing to seek support 
from others if they were to experience a problem like 
John or Jeanie’s, while the willingness of students receiv-
ing PFA had decreased. Changes over time for both 
vignettes were associated with small effect sizes, though 
effects were slightly larger in response to the Jeanie 
vignette.

Stigma
Table  5 reports the outcomes on measures of stigma. 
For three measures (social distance, weak-not-sick, and 
dangerous/unpredictable) no significant group x time 
interactions were found. For the would not tell any-
one measure, tMHFA students reported greater reduc-
tions over time, in response to both the John and Jeanie 
vignette, than students who received PFA.

Discussion
This study aimed to establish the longer-term outcomes 
of the tMHFA program by examining data collected 
one year after training. Across all domains tested (men-
tal health first aid, mental health literacy, and stigma-
tising attitudes) students receiving tMHFA reported 
significantly better improvements on at least one meas-
ure, compared to PFA students. Results suggest that the 
tMHFA program had positive impacts on adolescents’ 
mental health knowledge, attitudes and behaviours, 

though clear areas for program improvement are also 
evident when comparing changes across all measure-
ments occasions [20].

Results for the primary outcome show that students 
largely retained their intentions to use quality first aid 
strategies. In our previous report on these measures 
at post-training, the tMHFA students showed statis-
tically significant improvements on both the help-
ful and unhelpful intentions towards both John and 
Jeanie, though effects were larger for the John vignette 
(d = 0.58 helpful, d = 0.41 unhelpful), and smaller for 
Jeanie (d = 0.50, d = 0.15). In the current study, the 
significant improvements in the helpful and unhelp-
ful intentions were still apparent for the John vignette, 
but not for the Jeanie vignette. A booster session with a 
particular focus on re-learning the tMHFA action plan 
and enacting it for peers with symptoms of anxiety, 
would likely improve students’ outcomes in this area.

Students who received the tMHFA program reported 
more confidence helping a peer with depression and sui-
cide risk, or a peer with social anxiety/phobia, 12 months 
after their training than students who received the PFA 
program. This finding is consistent with other MHFA 
training evaluations which have found that confidence in 
providing assistance for MHPs significantly improves after 
the program and is retained over 12 months [39].

Similarly, tMHFA students rated a significantly 
greater number of adults as helpful for a peer like John 
or Jeanie, and more positive help-seeking intentions if 
they were to experience a problem like John or Jeanie’s, 

Table 4 Outcomes for measures of mental health literacy

All mixed models were adjusted for school, year, gender, age and K6 scores. Boldface indicates statistical significance
a For John vignette depicting peer with symptoms of depression & suicide risk n = 791; for Jeanie vignette depicting peer with symptoms of social anxiety n = 769
b For John vignette n = 807; for Jeanie vignette n = 792
c For John vignette n = 429; for Jeanie vignette n = 409
d For John vignette n = 465; for Jeanie vignette n = 446
e Large effect size Cohen’s d = 0.8, medium effect size d = 0.5, small effect size d = 0.2
f Period-cluster intraclass correlation coefficients (ICC) indicate the proportion of variability in the outcome attributable across clusters
g Scored when the following adults were rated as ‘Helpful’ (as opposed to Neither or Harmful): Counsellor, GP or family doctor, Minister or priest, Psychologist, School 
welfare coordinator/School counsellor, Teacher (0 to 6)

Mental health 
literacy outcomes

Baseline 1-year follow up

PFAa tMHFAb PFAc tMHFAd

M SD M SD M SD M SD M diff 95% CI p de ICCf

Beliefs about adult help
  Johng 3.43 1.72 3.45 1.62 3.47 1.64 3.81 1.57 0.34 0.13–0.54 0.002 0.21 0.012

  Jeanieg 2.79 1.93 2.71 1.83 3.09 1.76 3.38 1.74 0.38 0.14–0.62 0.002 0.25 0.003

Help seeking intentions
 John 2.97 1.34 2.94 1.34 2.90 1.40 3.16 1.35 0.27 0.10–0.44 .002 0.19 0.000

 Jeanie 2.95 1.30 2.96 1.26 2.85 1.35 3.21 1.28 0.31 0.14–0.48  < .001 0.27 0.003
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than PFA students. These changes were maintained at 
12-month follow-up, suggesting that some important 
barriers to help-seeking may have shifted as a result 
of the program. By encouraging early help-seeking, 
tMHFA may contribute to better mental health out-
comes for adolescents experiencing MHPs.

Outcomes on measures of stigmatising attitudes were 
weaker at follow-up compared to those found at post-
training, especially for the John vignette. Our previ-
ous report [20] found that stigmatising attitudes were 
significantly reduced among tMHFA students across 
all subscales in response to the John vignette, though 
only on weak-not-sick and would not tell anyone for the 
Jeanie vignette. In the current study, only the would not 
tell anyone subscale showed a significant group x time 
interactions, across both vignettes. The literature on 
stigma-reduction interventions tends to rely on short-
term follow-up, so understanding why effects drop off 
at 12-months is not well explored. A 2015 review of 
stigma-reduction interventions [40] found that of six 
controlled trials implemented in schools, the long-
est follow-up was 5-months. A 2018 review [41] found 
that combined contact-education interventions (stigma 
reduction strategies also used by tMHFA) tended to 
show small-to-medium effects post-training and non-
significant outcomes at follow-up. The would not tell 
anyone item, which showed a statistically significant 
reduction at one year follow up in this study, is an espe-
cially important measure of willingness to disclose a 
mental health problem to others, and forms a predomi-
nant barrier for help-seeking [42].

Although this trial was adequately powered to detect 
effects on the primary outcome, the secondary outcomes, 
which related to the quality of behaviours provided or 
received rather than intentions towards the vignettes, were 
evaluated in a much smaller subset of participants who had 
reported the relevant first aid experiences. The quality of 
first aid provided to a peer measure, for example, required 
students to have reported: i) contact with a peer needing 
help, ii) providing help to that peer, and iii) completion 
of the quality of first aid measure to a standard accepta-
ble for analyses, at both baseline and follow-up. The sub-
sample of students reporting these three outcomes, was 
much smaller compared to our complete sample at base-
line. As such, confidence intervals on measurement of first 
aid behaviours were wide. Had a larger sample reporting 
first aid behaviours been available, our small effect size of 
d = 0.17, may have been statistically significant, given that 
this effect was consistent with the size of the (significant) 
effects reported for the vignette measures of first aid inten-
tions, which used the full sample.

The proportion of students reporting contact with a 
peer with a mental health problem reduced over time in 

both groups. This is an unexpected finding, but may be 
explained by either discontinuation in surveys overtime, 
or because of the changing nature of social contact from 
Year 10, where cohorts are kept in more structured sub-
ject groups, to Year 11, where their final school certificate 
subjects begin and create more disjointed timetables and 
cohorts.

The proportion of students offering help to a peer in the 
current study (81% at baseline, 88% at follow up across 
the whole sample) lies between two other studies report-
ing on MHFA training in Australian tertiary students 
which found 65% [43] and 92% [44] of trainees respec-
tively reported applying their skills to someone in need, 
when surveyed up to 24 months after receiving training. 
As this is the first study to evaluate MHFA training in 
secondary students, only future research will be able to 
determine if the level of helping behaviours in the current 
sample is broadly representative of the rates of adolescent 
help-giving. Observational studies of adolescent help-
giving are quite rare (Subasinghe, Morgan, Paxton, Hart, 
under review), and the field could benefit from empirical 
research that gauges naturalistic help-giving behaviours 
among adolescents. But perhaps even more important 
than improving the quantity of help given, is improving 
the quality of that help.

Our study is one of the first to be able to report on 
receipt of first aid among a sample who had received 
MHFA training, and the first to our knowledge, to pro-
vide findings for a sample of adolescents. In the cur-
rent study 53 students reported having had a mental 
health problem or crisis at both baseline and follow-up, 
had received help from a peer at both timepoints, and 
reported survey data of sufficient quality to be included 
in analyses. The reduction in the available data for these 
measures was primarily a function of the reasonably high 
rate of discontinuation of students in this study, rather 
than a low rate of help-giving among peers. Neverthe-
less, compared to the complete dataset, there was a much 
smaller sample reporting on the quality of first aid behav-
iours over time, and thus it is likely these analyses were 
underpowered to detect small effects. On measures of 
both quality of help provided to a peer, and of the quality 
of help received, the group x time interactions were not 
statistically significant. Changes in scores, however, were 
in the expected direction with tMHFA students showing 
small gains on the measure of helpful first aid behaviours 
offered to a peer, over the PFA students, at follow-up.

One explanation for the null result on first aid behav-
iours provided to a peer is that the program was not effec-
tive in changing first aid behaviours. Whilst this remains 
a possibility, taken with the results on measures of qual-
ity of first aid intentions, confidence, and the would not 
tell anyone stigma subscale, along with our previously 
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reported qualitative results from students and schools 
[45] which described a high level of engagement and sat-
isfaction with the program, it seems less likely than the 
alternative explanation that the sample reporting first 
aid provision was underpowered to detect small but sig-
nificant effects. Students receiving tMHFA reported the 
appropriate level of knowledge and beliefs to be able to 
enact helpful first aid behaviours one year after receiving 
the program, however, only future research with a much 
larger sample reporting first aid behaviours at follow-
up, will provide more precision and clearer evidence of 
whether the training program is associated with positive 
changes in behaviour or not.

Our finding that both females and those with higher 
K6 scores were more likely to report helpful behaviours 
is consistent with previous literature that suggests those 
with existing MHPs and females are most likely to pro-
vide assistance [46]. The mechanism underlying this is, 
however, unclear. It is possible that those who have expe-
rienced psychological distress are more likely to recog-
nise it in others, or to have higher levels of empathy for 
suffering in their peers and therefore more motivation to 
provide support. This reinforces the notion that whole-
of-school community training is important in equipping 
cohorts with the necessary skills to support their peers, 
given that selective training— for example, of a small lead-
ership student group—may miss those with MHPs who 
are most likely to provide assistance to their peers. How-
ever, it is concerning that the most vulnerable students 
are also those who are more likely to shoulder the burden 
of mental health support for their peers, and special care 
should be taken within school communities to ensure 
extra staffing and resources are provided by wellbeing/
pastoral and counselling staff to not only support those 
seeking help for their own distress, but also those who are 
providing assistance to their peers. Having an organisa-
tion like Mental Health First Aid Australia provide policy 
and implementation guidance to schools, in concert with 
local mental health services who often help deliver the 
tMHFA curriculum as trained MHFA instructors, is espe-
cially helpful in this regard, as wrap-around services can 
support the whole school community with more mental 
health expertise than when mental health curriculum is 
delivered by regular classroom teachers in isolation.

Limitations
This study had many strengths, including the robust 
CRXO design, well matched active comparator inter-
vention, and use of validated measures. However, there 
were also important limitations that need to be consid-
ered alongside the findings. A primary limitation was the 
rate of discontinuation among students, from baseline 
through to 12-month follow-up.

Although secondary schools are widely considered 
a useful context for capturing follow-up measures, 
attrition in the current sample was relatively high 
(45.5% over the course of the study). Across the two 
groups, 56% of tMHFA students and 53% of PFA stu-
dents returned the 12-month survey. Although the 
rate of providing help to a peer was high among stu-
dents in this trial, the attrition rate reduced the size 
of our sample who reported first aid experiences, and 
when combined with the small effect sizes for behav-
iour change, this limited our ability to produce robust 
analyses on the measures of first aid behaviours pro-
vided and received. We hypothesise that discontinua-
tion among students was due to a number of important 
factors including: school-based administration, inabil-
ity of the research team to contact students directly, 
and the repetitive text-based nature of the measures 
with no incentivisation of students. As reported in 
our previous paper [20], discontinuation may have 
been exacerbated by our study design and ethics 
approval which required student anonymity and dis-
allowed gathering of personal contact details directly 
from students which would have allowed the research 
team to remind individuals of the opportunity to par-
ticipate. Instead, we relied on the participating schools 
to schedule survey sessions during regular class time, 
and if students were absent, for teachers to follow-up 
with these individuals. Some schools were able to com-
plete these tasks very methodically, while other schools 
were difficult to communicate with and had very low 
response rates. For some of our schools, there seemed 
to be poorer engagement with the research processes 
once the perceived benefit had been received (i.e. the 
training was complete). Nevertheless, one comparable 
Australian study—an evaluation of the Youth Aware 
of Mental Health program in 18 schools with 556 Year 
9 students [47]—reported an attrition rate of 64% at 
6-months follow-up, which suggests that the attrition 
rate in the current study was not as high as might be 
expected. Further, despite discontinuation rates in the 
current study, our ITT analyses do provide robust mod-
els for the vignette measures using the larger sample of 
students.

Other important limitations of this research are that 
our findings are not widely generalisable to other popula-
tions due to our restricted sample of schools and that we 
were unable to measure dose or fidelity. We sampled four 
diverse schools in the state of Victoria, but all were above 
the mean on the index of socio-educational advantage 
and attended by predominantly White, English-speaking 
students. Further research with a larger and more diverse 
sample of schools would provide more generalisable 
results. In addition, gathering data on how many of the 
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training sessions students attended, and whether each 
instructor adhered to the training protocols, would help 
ascertain whether dose and fidelity are associated with 
better outcomes.

Future directions
Compared to post-training findings, retention of gains in 
knowledge and reductions in stigma dropped off over the 
year, suggesting that students could benefit from a short 
‘booster’ session to help re-learn the key messages of the 
program. Re-learning through multi-session interven-
tions has been shown to be effective and likely to result 
in long-term retention of skills and knowledge [48]. Hav-
ing first aid training across the lifespan would also aid in 
this retention, but unlike the booster session, also offer 
the benefit of an updated curriculum relevant to novel 
contexts. Many universities now offer the Youth MHFA 
program to their undergraduate students, for example, 
to aid in the transition from secondary to tertiary edu-
cation and the emergence of MHPs during this time [43, 
44]. Further, there has also been the introduction of a teen 
MHFA program for students in Years 7 to 9 (those aged 
12–15 years), which focuses on the skills and knowledge 
needed for younger adolescents who are making the tran-
sition from primary to secondary schooling and often see 
the adolescent-onset disorders emerge for the first time 
[4]. If students were to receive training at each important 
schooling transition (Year 7, Year 10 and when commenc-
ing tertiary or vocational training), it is likely that the req-
uisite knowledge and attitudes for the provision of quality 
first aid to peers with MHPs or crises, would be retained 
over the very long term, giving the very best chance that 
supportive first aid behaviours are engaged and result in 
better mental health outcomes for young people.

Conclusions
Findings on the efficacy of the teen Mental Health First Aid 
program in improving student knowledge, attitudes and 
behaviours were mixed. There was reliable evidence that 
tMHFA was associated with improvements in students’ 
quality of first aid intentions towards peers with depression 
and suicide risk, students’ confidence in helping peers with 
either depression or social anxiety/phobia, students’ will-
ingness to disclose personal MHPs, and positive attitudes 
towards seeking help from adults. This study is the first to 
show effective stigma reduction in students one year after 
training. However, null results were found for improve-
ments in the quality of first aid behaviours provided to a 
peer with a mental health problem, or those received from 
a peer. While it is possible that this was the result of student 
discontinuation reducing the sample size reporting first aid 
behaviours, only future research will be able to ascertain 
whether tMHFA is associated with reliable improvements 

in mental health first aid behaviours towards peers with 
MHPs. The program could benefit from a booster session 
and a focus on retaining the reductions seen in stigmatising 
attitudes at the post-measurement occasion.
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