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Abstract
Background: Negative	experiences	of	needle	procedures	in	childhood	can	lead	
to	 medical	 avoidance	 and	 vaccine	 hesitancy	 into	 adulthood.	 We	 evaluated	 the	
feasibility	of	two	new	interventions	provided	by	clinical	nurses	to	reduce	the	neg-
ative	impact	of	vaccinations:	divided	attention	(DA)	and	positive	memory	refram-
ing	(PMR).
Methods: Children	(8–	12	years)	were	randomized	into	four	groups:	usual	care	
(UC),	DA,	PMR	or	combined	(DA	+	PMR).	To	evaluate	feasibility,	we	undertook	
in-	depth	analysis	of	video-	recorded	interventions,	nurse	experiences	(phone	in-
terviews)	and	child/parent	memory	recall	of	interventions	(phone	interviews	at	
2	weeks	post-	vaccination).	Key	clinical	outcomes	included	child	and	parent	rat-
ings	of	needle-	related	pain	intensity	and	fear	assessed	at	baseline,	immediately	
post-	vaccination	and	2	weeks	post-	vaccination	(recalled).
Results: A	total	of	54	child–	parent	dyads	were	screened,	with	41	included	(10/
group,	except	PMR	[n =	11]).	The	interventions	were	not	always	completed	as	in-
tended:	10%–	22%	of	participants	received	complete	interventions	and	two	had	ad-
verse	events	related	to	protocol	breach.	Preliminary	within-	group	analyses	showed	
no	effects	on	child/parent	pain	ratings.	However,	children	in	DA	+	PMR	had	re-
duced	recalled	fear	(p =	0.008),	and	PMR	(p =	0.025)	and	DA	+	PMR	(p =	0.003)	
had	reduced	fear	of	future	needles.	Parent	ratings	of	child	fear	were	also	reduced	
immediately	post-	vaccination	for	UC	(p =	0.035)	and	PMR	(p =	0.035).
Conclusions: The	interventions	were	feasible,	although	enhanced	nurse	train-
ing	is	required	to	improve	fidelity.	Preliminary	clinical	results	appear	promising,	
particularly	for	reducing	needle-	related	fear.	Protocol	registration:	Protocol	num-
ber	ACTRN12618000687291	at	ANZCTR.org.au
Significance: Two	 new	 nurse-	led	 interventions	 to	 reduce	 negative	 impacts	 of	
vaccinations	in	children,	divided	attention	and	positive	memory	reframing,	were	
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1 	 | 	 INTRODUCTION

For	 many	 children,	 undergoing	 a	 needle	 procedure	 can	
be	 a	 painful	 and	 distressing	 experience.	 Such	 negative	
experiences	 can	 develop	 into	 fear	 of	 needles	 (McMurtry	
et	al., 2015),	which	can	have	devastating	consequences	such	
as	vaccine	hesitancy	and	outbreaks	of	preventable	diseases.	
Reducing	fear/phobias	of	needles	are	a	critical	research	pri-
ority	given	the	current	COVID-	19	pandemic	and	the	need	
for	mass	global	vaccination	uptake	(Love	&	Love, 2021).

Pain	 influences	 children	 long	 after	 the	 painful	 stim-
ulus	 is	 removed	 (Noel,	 Chambers,	 Petter,	 et	 al.,  2012).	
Children's	 memories	 of	 needle-	related	 pain	 are	 a	 pow-
erful	predictor	of	 future	pain	experiences	and	may	have	
greater	 influence	 on	 future	 pain	 than	 the	 initial	 experi-
ence	of	pain	itself	(Noel	et	al., 2017;	Noel	et	al., 2012a;	von	
Baeyer	et	al., 2004).	Children's	pain	memory	development	
is	influenced	by	multiple	factors	(Noel,	Chambers,	Petter,	
et	al., 2012;	Noel,	Palermo,	et	al., 2015),	including	anxiety	
(Noel	et	al., 2012b),	pain-	related	fear	(Kain	et	al., 2006),	sex	
(Hechler	et	al., 2009),	and	age	(Noel,	Rabbitts,	et	al., 2015).	
Recalling	higher	levels	of	childhood	pain	(compared	with	
initial	pain	reports)	is	associated	with	higher	subsequent	
pain,	distress,	medical	non-	compliance	and	future	pain	ex-
pectancies	(Arntz	et	al., 1990;	Noel,	Chambers,	McGrath,	
et	 al.,  2012;	 von	 Baeyer	 et	 al.,  2004).	 Children's	 pain	
memories	 are	 malleable	 through	 post-	event	 information	
(Noel,  2016).	 For	 example,	 positive	 memory	 reframing	
(PMR)	 involves	 talking	 to	 children	 after	 a	 painful	 expe-
rience	to	emphasize	 its	positive	aspects,	correct	negative	
exaggerations	in	recall,	and	foster	a	sense	of	self-	efficacy	
in	their	pain	coping	(Noel	et	al., 2018).

While	 reframing	 the	 memory	 of	 a	 painful	 experience	
may	reduce	the	negative	impact	of	needle-	related	pain,	so	
might	 decreasing	 the	 intensity	 of	 the	 painful	 experience	
itself.	 Attention	 and	 expectation	 are	 important	 contrib-
utors	to	the	pain	experience	(Johnston	et	al., 2012;	Miron	
et	al., 1989;	Quevedo	&	Coghill, 2007).	For	example,	expect-
ing	 to	receive	noxious	stimuli	 in	 two	spatially	discrete	 lo-
cations	on	the	arm	(divided	attention	[DA])	resulted	in	an	
analgesic	 effect	 for	 a	 noxious	 stimulus	 that	 was	 provided	
between	those	two	locations	(Stanton	et	al., 2016).	That	is,	
the	 stimulus	 was	 rated	 as	 significantly	 less	 painful	 when	
expectancy	was	spatially	divided	than	when	there	was	no	
expectancy	concerning	stimulus	location.	Analgesia	during	
DA	is	thought	to	be	mediated	by	changes	in	receptive	field	

(RF)	properties	of	dorsal	horn	neurons	(Hayes	et	al., 1981;	
Quevedo	&	Coghill, 2007).	When	spatially	dividing	atten-
tion	between	two	spatially	discrete	skin	locations,	psycho-
physical	findings	suggest	that	nociceptive	RFs	become	more	
‘focussed’	 (smaller	 and	 shifted	 towards	 the	 two	 attended	
areas),	creating	a	relative	‘silent	zone’	between	the	two	at-
tended	 areas	 where	 sensitivity	 to	 nociceptive	 stimuli	 may	
be	reduced	(Quevedo	&	Coghill, 2007).	Thus,	the	DA	para-
digm	aims	to	take	advantage	of	inherent	properties	of	noci-
ception	involving	attentional	modulation	of	pain	and	may	
reduce	pain	intensity	experienced from	an	acutely	painful	
procedure.	Given	the	spatially	 localized	nature	of	needles	
and	the	resultant	experience	of	pain,	use	of	such	a	paradigm	
may	provide	analgesia	in	a	clinical	vaccination	situation.

Applying	PMR	and	DA	together	may	also	have	synergistic	
or	super-	additive	effects.	If	the	pain	experienced	during	a	nee-
dle	procedure	is	decreased	and	post-	intervention	information	
positively	reframes	the	experience,	the	pain	and	fear	that	is	
remembered	may	be	substantially	reduced,	as	might	expec-
tancies	of	future	pain.	Few	studies	have	examined	memory-	
reframing	interventions	targeting	children's	recall	of	(needle)	
pain	 (Bruck	 et	 al.,  1995),	 and	 these	 interventions	 were	 de-
livered	by	researchers.	Childhood	vaccinations	are	typically	
provided	 by	 nurses	 in	 schools,	 particularly	 from	 Grade	 1	
(typically	aged	≥6	years)	onward.	We	targeted	primary	school	
children	aged	8–	12	years	old	to	reflect	this,	and	also,	to	ensure	
the	validity	of	self-	report	of	pain,	fear	and	the	other	constructs	
(Birnie	et	al., 2019).	Thus,	 in	 the	current	 study,	we	 trained	
practicing	clinical	nurses	to	administer	these	interventions	in	
a	variety	of	environments,	including	local	schools.	Given	the	
complexity	of	the	interventions	and	the	novelty	of	nurse-	led	
delivery,	 it	 is	crucial	 to	determine	 feasible	procedures	prior	
to	undertaking	a	 large-	scale	 trial	 that	 can	 formally	analyse	
clinical	efficacy.	Therefore,	we	aimed	to:	(i)	evaluate	the	feasi-
bility	of	implementing	the	two	new	interventions	(DA,	PMR,	
both	or	neither)	to	reduce	the	negative	impact	of	needle	pro-
cedures	 in	children	undergoing	 flu	vaccination;	 (ii)	explore	
preliminary	effects	on	needle-	related	pain/fear.

2 	 | 	 METHODS

2.1	 |	 Study design

This	 was	 a	 randomized,	 outcome	 assessor	 blinded,	 2	×	2	
factorial	feasibility	trial.	Clinical	outcomes	were	assessed	

feasible	and	may	reduce	needle-	related	fear.	Nurses	were	able	to	deliver	the	inter-
ventions	in	various	environments	including	non-	clinical	settings	(schools).	These	
interventions	have	potential	 to	 facilitate	broader	dissemination	of	vaccinations	
for	children	in	a	manner	that	minimizes	distress.
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at	baseline,	 immediately	post-	vaccination	and	at	2-	week	
post-	vaccination.	This	study	was	conducted	in	accordance	
with	the	Declaration	of	Helsinki	and	was	approved	by	the	
University	of	South	Australia	 (UniSA)	Human	Research	
Ethics	 Committee	 on	 the	 9th	 of	 March	 2018	 (protocol	
number	200775)	and	the	Department	of	Child	Education,	
Government	of	South	Australia	(reference	number	2018-	
0010)	 on	 13	 February	 2018.	 The	 protocol	 was	 registered	
on	 19	 April	 2018	 with	 the	 Australian	 and	 New	 Zealand	
Clinical	Trials	Registry	 (ANZCTR.org.au;	protocol	num-
ber	ACTRN12618000687291).

Participants	were	randomly	allocated	to	groups	(1:1:1:1)	
using	a	computer-	generated	randomization	schedule,	in-
volving	random	permuted	blocks	of	 four	and	eight,	 that	
was	generated	by	an	independent	investigator	using	Excel.	
Allocation	 was	 concealed	 in	 sequentially	 numbered,	
sealed,	opaque	envelopes	created	by	an	investigator	not	in-
volved	in	the	study.	The	clinical	nurse	opened	each	enve-
lope	just	prior	to	the	commencement	of	each	participant's	
vaccination	appointment.

Participants	 (parents	and	children)	were	advised	 that	
they	would	be	allocated	to	one	of	four	groups,	but	that	all	
children	 would	 receive	 at	 minimum,	 best-	practice	 usual	
care	 (UC).	The	 additional	 interventions	 were	 briefly	 de-
scribed,	 with	 participants	 advised	 that	 some	 children	
would	 be	 allocated	 to	 receive	 these	 additional	 interven-
tions.	Research	staff,	including	the	outcome	assessor	and	
the	researcher	performing	analysis	of	clinical	data,	were	
blinded	to	group	allocation.	Clinical	nurses	were	unavoid-
ably	 aware	 of	 group	 allocation	 but	 were	 not	 involved	 in	
outcome	assessment.

2.2	 |	 Protocol deviations

Initially,	 this	 study	 was	 intended	 to	 be	 a	 randomized	
clinical	 trial	 (n  =  256	 total),	 but	 due	 to	 limited	 funding	
available,	this	study	was	modified	to	be	a	feasibility	trial	
(ANZCTR	 protocol	 registration	 formally	 updated	 on	 2	
February	2022).	The	feasibility	design	was	also	considered	
appropriate	 given	 the	 novelty	 of	 the	 interventions	 being	
nurse-	delivered.	 Consequently,	 no	 initial	 pre-	specified	
feasibility	criteria	were	set	in	the	official	trial	registration.	
However,	prior	 to	any	data	analysis,	consensus	amongst	
the	 research	 team	 was	 used	 to	 set	 feasibility	 priorities.	
These	 priorities	 included	 recruitment	 rate,	 retention	
rate,	 feasibility/acceptability	 of	 the	 interventions	 (based	
upon	 parent,	 child,	 nurse	 experiences),	 and	 fidelity	 of	
the	intervention	provision.	We	also	retained	all	outcome	
measures	and	monitored	missing	data	to	evaluate	the	fea-
sibility	of	including	all	potentially	relevant	measures,	in-
cluding	predictors	of	pain	and	pain	memory	at	baseline,	
in	a	large-	scale	clinical	trial.	Thus,	the	target	sample	size	

and	 analytical	 procedures	 were	 adjusted	 to	 enable	 the	
evaluation	of	intervention	feasibility,	rather	than	efficacy.	
Accordingly,	we	aimed	to	recruit	at	 least	10	participants	
per	group	to	allow	in-	depth	video	analysis	of	each	inter-
vention	session	and	thorough	evaluation	of	the	feasibility	
of	clinical	nurses	delivering	each	intervention.

2.3	 |	 Participants

Participants	were	recruited	from	the	community	in	South	
Australia	via	social	media,	community	flyers	and	emails	
to	 local	 schools.	 Eligible	 participants	 were	 child–	parent	
dyads	who	consented	for	the	child	to	receive	a	yearly	influ-
enza	vaccination.	Eligible	children	were	aged	8–	12	years	
who	were	currently	attending	school.	Children	were	ex-
cluded	if	they	had	a	history	of	severe	allergic	reaction	after	
a	 vaccine	 (e.g.,	 anaphylaxis),	 severe	 egg	 allergies	 (e.g.,	
respiratory	 distress/required	 epinephrine),	 diagnosed	
anxiety	disorder	or	post-	traumatic	stress	disorder,	or	mod-
erate	to	severe	illness	(with	or	without	fever)	on	the	day	
of	 vaccination.	 While	 severe	 egg	 allergies	 are	 no	 longer	
considered	 a	 contraindication	 for	 the	 influenza	 vaccine	
(Australian	Government	Department	of	Health, 2019),	at	
the	time	of	the	study	the	Government	of	South	Australia	
website	suggested	caution	in	those	with	severe	egg	aller-
gies,	hence	exclusion	in	this	study.

2.4	 |	 Procedure

Figure 1	outlines	the	clinical	trial	procedures.	Volunteers	
first	underwent	an	initial	screen	(either	online	or	paper-	
based)	for	basic	eligibility	criteria	to	exclude	children	with	
severe	allergies	or	who	had	been	diagnosed	with	anxiety	or	
post-	traumatic	stress	disorders.	Eligible	participants	were	
then	scheduled	for	an	appointment	at	the	relevant	testing	
site,	 where	 parents	 completed	 a	 further	 pre-	vaccination	
eligibility	screening	(i.e.,	parent	report	of	medical	exclu-
sions	via	a	paper-	based	needle	safety	checklist,	reviewed	
by	the	clinical	nurse	prior	to	the	vaccination)	to	ensure	the	
child	was	safe	to	receive	the	vaccination.

Data	 were	 collected	 at	 three	 sites:	 The	 UniSA	
Physiotherapy	 Clinic	 and	 at	 two	 local	 schools.	 The	 re-
search	team	explained	the	study	and	obtained	written	in-
formed	consent	from	participants	(child	and	parent)	upon	
their	arrival	at	the	testing	site.	Permission	to	video	record	
the	intervention	was	also	sought.	The	child	and	their	par-
ent	 then	 completed	 the	 baseline	 questionnaires	 either	
on	paper	or	on	iPads	(using	SurveyMonkey).	A	modified	
procedure	was	used	for	testing	at	schools,	whereby	verbal	
consent	 was	 attained	 and	 baseline	 questionnaires	 were	
sent	out	to	the	participant	to	complete	prior	to,	but	on	the	

http://anzctr.org.au
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same	day	as,	attending	the	vaccination.	No	appointments	
proceeded	until	written	informed	consent	was	attained.	At	
baseline,	demographic	information	(age,	sex,	race,	school,	
socioeconomic	 status)	 and	 psychometrically-	sound	 out-
come	 measures	 were	 collected	 from	 the	 child	 and	 their	
parent.	 For	 children,	 baseline	 outcomes	 included	 expec-
tancies	of	needle-	related	pain	intensity	(0–	5)	and	fear	(0–	
4),	 collected	 using	 face	 scales	 (Faces	 Pain	 Scale-	Revised	
[FPSR]	 and	 Children's	 Fear	 Scale	 [CFS],	 respectively)	
(Hicks	et	al., 2001;	McMurtry	et	al., 2011),	and	the	Pain	
Catastrophizing	 Scale	 (PCS-	State	 [3-	item])	 (Durand	
et	al., 2017).	For	parents,	baseline	outcomes	were	assessed	
using	 11-	point	 Numeric	 Rating	 Scales	 (NRS),	 including	
expectancies	 of	 their	 child's	 needle-	related	 pain	 inten-
sity	 and	 fear	 (Durand	 et	 al.,  2017),	 state	 anxiety	 (Parent	
State	Anxiety	NRS)	(Durand	et	al., 2017),	and	their	con-
fidence	that	they	could	decrease	their	child's	pain	if	they	
tried	(Parent	Stop	Tendency	NRS)	(Caes	et	al., 2011).	At	
baseline	only,	children	and	parents	completed	further	out-
come	measures	that	have	been	shown	to	be	predictors	of	
pain	 and	 pain	 memory,	 and	 parents	 completed	 medical	
history	 and	 vaccination	 preparation	 questionnaires.	 See	
Supplementary	File 1	for	full	details	regarding	the	clinical	
outcome	measures.	The	child	then	entered	the	designated,	
private	 intervention	 room	 accompanied	 by	 their	 parent,	
and	received	the	allocated	intervention.

Follow-	up	clinical	outcome	assessments	occurred	im-
mediately	 post-	vaccination	 (in-	person),	 collected	 either	
electronically	or	in	paper-	based	format,	and	then	verbally	

(via	 phone	 call)	 2	weeks	 post-	vaccination.	 Immediately	
post-	vaccination,	the	child's	needle-	related	pain	intensity	
and	 fear	 were	 assessed	 using	 the	 face	 scales	 (child)	 and	
NRS	(parent).	 In	addition,	 the	child	completed	the	PCS-	
State	and	the	parent	completed	the	Parent	State	Anxiety	
NRS	 and	 the	 Parent	 Stop	 Tendency	 NRS	 (confidence).	
Two	 weeks	 post-	vaccination,	 children	 and	 parents	 per-
formed	an	established	memory	interview	with	the	blinded	
outcome	assessor	via	phone	call	 (Noel	et	 al.,  2009;	Noel	
et	al., 2012a;	Noel,	Palermo,	et	al., 2015)	(Supplementary	
File  1).	 Telephone	 interviews	 were	 audio-	recorded	 and	
transcribed.	 Recall	 of	 pain	 and	 fear	 related	 to	 the	 nee-
dle	 procedure	 were	 assessed,	 as	 well	 as	 expectancies	 for	
pain/fear	 for	 future	 needles,	 using	 both	 free	 recall	 and	
the	 same	 pain	 and	 fear	 scales	 previously	 administered	
(i.e.	face	scales,	which	were	emailed	to	the	parent	ahead	
of	 the	 interview).	 The	 PCS-	State	 (child)	 and	 the	 Parent	
State	Anxiety	NRS	and	Parent	Stop	Tendency	NRS	 (par-
ent)	 were	 also	 assessed	 during	 this	 interview	 at	 2	weeks	
post-	vaccination.

2.5	 |	 Interventions

Interventions	have	been	described	in	accordance	with	the	
TIDieR	checklist	(Hoffmann	et	al., 2014).	Clinical	nurses	
(n = 3;	30–	41	years	of	nursing	experience)	who	were	also	
experienced	 in	 paediatric	 vaccination	 (3–	17	years	 of	 ex-
perience)	 and	 trained	 in	 the	 study	 procedures	 provided	

F I G U R E  1  Clinical	trial	procedures
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CHILD CLINICAL OUTCOMES: 
• An�cipated needle pain 
• An�cipated needle fear
• Pain catastrophizing 
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PARENT CLINICAL OUTCOMES :
• An�cipated child needle pain
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• Anxiety
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• Confidence in ability to reduce 

child's pain
• Anxiety

USUAL CARE

POSITIVE MEMORY REFRAMING

DIVIDED ATTENTION

DIVIDED ATTENTION + 
POSITIVE MEMORY REFRAMING 

IMMEDIATELY 
POST-VACCINATION
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POST-VACCINATION

PHONE INTERVIEW

PHONE INTERVIEW

PHONE INTERVIEW

PHONE INTERVIEW

PAPER OR ONLINE SURVEY

PAPER OR ONLINE SURVEY

PAPER OR ONLINE SURVEY

PAPER OR ONLINE SURVEY

PAPER OR ONLINE SURVEY

TWO WEEK ASSESSMENT

CHILD CLINICAL OUTCOMES: 
• Recalled needle pain 
• Recalled needle fear
• Pain catastrophizing 
• An�cipated needle pain (future 

needles)
• An�cipated needle fear (future 

needles)

PARENT CLINICAL OUTCOMES :
• Recalled child needle pain
• Recalled child needle fear
• Confidence in ability to reduce 

child's pain
• Anxiety
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all	 four	interventions.	The	recruited	clinical	nurses	each	
received	 ~4	h	 of	 study-	specific	 training,	 including	 writ-
ten	information	on	the	intervention	procedures	for	each	
group,	guided	practice	of	each	of	the	intervention,	a	video	
recording	of	‘best	practice’	provision	of	PMR	and	DA,	and	
assessment	of	intervention	fidelity	using	pilot	participants	
(n = 4).	Training	and	assessment	of	intervention	fidelity	
prior	 to	 trial	 commencement	 was	 completed	 by	 experts	
in	the	field	and	chief	investigators	of	this	trial	(T.R.S.	and	
M.N.).	 The	 nurses	 were	 also	 provided	 with	 intervention	
‘information	sheets’	to	guide	them	during	data	collection	
(Supplementary	 File  2).	 All	 children	 received	 a	 single	
0.5 ml	intramuscular	injection	to	the	upper	arm	of	Fluarix	
Tetra	Inactivated	influenza	Vaccine	(year-	relevant	strains	
as	 recommended	 by	 the	 World	 Health	 Organization	
[WHO]	for	the	Southern	Hemisphere	vaccine).	In	all	 in-
terventions,	the	clinical	nurse	began	by	reviewing	the	vac-
cine	safety	checklist	and	providing	practical	information	
on	what	to	expect	after	the	vaccination	(e.g.,	feeling	a	bit	
tired	or	sluggish,	sore	arm)	and	strategies	to	deal	with	po-
tential	side	effects	(e.g.,	drink	plenty	of	water,	ice	pack	on	
arm).

Participants	were	randomized	into	one	of	four	groups:

1.	 Usual care (UC):	 This	 condition	 followed	 usual	 best-	
practice	 standard	 care	 procedures	 as	 normally	 em-
ployed	 by	 the	 clinical	 nurses	 (Birnie	 et	 al.,  2018).	
This	 condition	 typically	 included	 having	 the	 nurse	
engage	 with	 the	 child,	 including	 calming	 them	 down	
if	 anxious	 using	 their	 own	 usual	 strategies	 (e.g.,	 ver-
bal	 reassurance)	 and	 using	 a	 method	 of	 verbal	 and	
physical	 distraction	 when	 providing	 the	 needle	 (e.g.,	
verbally	advising	the	child	to	wiggle	their	toes).	While	
topical	 anaesthesia	 can	 be	 used	 as	 part	 of	 normal	
clinical	care	during	needle-	related	procedures,	this	was	
not	 used	 in	 the	 present	 study	 because	 at	 the	 time	 of	
the	 study,	 topical	 anaesthesia	 was	 not	 recommended	
for	 routine	 use	 as	 part	 of	 standard	 care	 in	 Australia	
(ATAGI,  2016).	 Additionally,	 for	 our	 study	 purposes	
and	 particularly	 for	 interventions	 involving	 DA,	 we	
were	 interested	 in	 seeing	 if	 pain	 relief	 could	 occur	
without	 topical	anaesthetics.	Usual	care	was	provided	
in	 all	 four	 groups;	 however,	 the	 other	 three	 groups	
also	 received	 DA,	 PMR	 or	 both.

2.	 Divided attention (DA):	 The	 DA	 intervention	 aimed	
to	 take	 advantage	 of	 spatially-	precise	 analgesic	 ef-
fects	 of	 expectation	 and	 attention	 by	 using	 a	 tactile	
localization	game.	Prior	to	receiving	the	vaccination,	
children	in	this	group	engaged	in	a	sensory	discrimi-
nation	task	that	required	them	to	divide	their	atten-
tion	between	two	areas	on	their	upper	arm.	The	nurse	
identified	two	spots	on	the	child's	arm,	one	above	and	
one	 below	 the	 location	 where	 the	 vaccine	 injection	

would	be	given.	Using	either	the	rubber	end	of	a	pen-
cil	or	their	index	finger,	the	nurse	touched	the	child's	
skin	in	spot	one	or	spot	two	(random	order,	slightly	
varying	exact	location	each	time)	and	asked	the	child	
to	 identify	 which	 spot	 was	 touched.	 If	 this	 was	 too	
easy	 (i.e.,	 child	 getting	 all	 correct),	 then	 the	 nurse	
first	increased	the	speed	of	touching	and	then	if	nec-
essary,	provided	the	touch	in	triplets	or	quadruplets,	
asking	the	child	to	identify	the	pattern	of	touch	(e.g.,	
spot	 one,	 spot	 two,	 then	 spot	 two).	 The	 nurse	 also	
provided	an	effect	statement	(‘touching	the	skin	like	
this	makes	 it	go	a	bit	numb’).	The	game	was	played	
for	 1–	2	min,	 and	 then	 the	 nurse	 informed	 the	 child	
that	 an	 important	 question	 would	 be	 asked	 about	
those	 two	 spots	 later.	 Specifically,	 the	 nurse	 asked	
the	child	to	remember	the	spatial	location	of	the	two	
spots	from	the	game; this	aimed	to	maximize	poten-
tial	for	analgesia.	Consistent	with	past	work	(Stanton	
et	al., 2016),	the	nurse	provided	the	needle	at	a	skin	
location	situated	in	between	the	two	spots	used	in	the	
game.	The	child	was	then	asked	at	the	end	of	the	ap-
pointment	 to	 identify	 to	 which	 spot	 the	 needle	 was	
given	(i.e.,	the	‘important	question’).	We	anticipated	
that	 this	 intervention	 would	 take	 approximately	
4	min	to	provide.

3.	 Positive memory reframing (PMR):	 Children	 in	 this	
group	 received	 an	 individualized	 intervention	 that	
aimed	 to	 focus	 on	 and	 emphasize	 positive	 aspects	
of	 a	 previous	 needle	 experience	 (or	 other	 previous	
painful	 experience	 if	 they	 could	 not	 recall	 a	 needle	
experience),	 correct	 negative	 exaggerations	 in	 re-
call,	and	to	promote	a	feeling	of	self-	efficacy	in	their	
abilities	to	cope	with	needles.	This	intervention	drew	
from	existing	memory	reframing	techniques	used	in	
the	 context	 of	 children's	 needle	 procedures	 (Bruck	
et	al., 1995;	Noel	et	al., 2018).	PMR	involved	talking	
to	 the	 child	 and	 parent	 for	 a	 few	 minutes	 both	 be-
fore	and	immediately	following	the	vaccine	injection.	
To	 individualize	 the	 intervention,	 the	clinical	nurse	
first	spoke	with	the	parent	about	the	child's	previous	
needle	 experience	 with	 the	 aim	 of	 determining	 1–	2	
positive	things	that	occurred	during	the	past	experi-
ence.	 The	 parent	 was	 also	 able	 to	 identify	 whether	
the	 child	 was	 inaccurately	 recalling	 the	 past	 needle	
or	 if	 their	 memory	 was	 negatively	 exaggerated.	 The	
nurse	then	engaged	with	the	child	and	had	the	child	
recall	 positive	 features	 of	 their	 past	 needle	 experi-
ence,	even	if	minimal	(e.g.,	what	went	well,	a	friendly	
nurse),	supplemented	by	parent	input.	Any	exaggera-
tions	of	recall	were	addressed	(e.g.,	the	previous	nee-
dle	 procedure	 actually	 only	 took	 2	min	 not	 10	min),	
supported	 by	 parent	 input.	 The	 nurse	 also	 praised	
specific	strategies	that	the	child	used	well	(e.g.,	deep	
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breaths,	 looking	 away)	 and	 affirmed	 that	 the	 child	
was	brave,	together	promoting	increased	self-	efficacy	
for	 pain	 coping.	 If	 the	 child	 had	 not	 previously	 re-
ceived	a	needle	or	could	not	recall	receiving	a	needle,	
then	discussion	of	another	past	medical	procedure	or	
painful	 experience	 was	 undertaken.	 Following	 this,	
the	 vaccination	 was	 provided.	 After	 the	 vaccine	 in-
jection,	with	the	clinical	nurse	praised	how	well	the	
child	 handled	 the	 experience,	 pointing	 out	 specific	
coping	strategies	that	the	child	used	that	were	help-
ful	 and	 adaptive	 in	 managing	 pain.	 The	 nurse	 af-
firmed	 that	 their	 chosen	 strategy	 is	 actually	 known	
to	help,	praising	their	bravery	(e.g.,	‘you	handled	this	
really	well’,	‘you	were	really	brave’),	minimizing	the	
distressing	 aspects	 (de-	emphasizing	 distressing	 and	
painful	 aspects),	 and	 bolstering	 children's	 sense	 of	
self-	efficacy	 in	 their	 ability	 to	 cope	 with	 needles	 by	
providing	 positive	 statements	 about	 how	 they	 will	
handle	future	needles	(e.g.,	‘your	next	needle	is	going	
to	 go	 super	 well	 because	 you	 know	 how	 to	 make	 it	
go	well	by	doing	all	these	helpful	strategies’).	We	an-
ticipated	 that	 this	 intervention	 would	 take	 approxi-
mately	 6	min	 to	 provide,	 but	 that	 time	 would	 vary	
depending	on	the	time	taken	for	parents	and/or	chil-
dren	to	provide	information	about	the	previous	vac-
cine	experience.

4.	 Divided attention  +  positive memory reframing 
(DA + PMR):	This	group	received	both	 the	PMR	and	
DA	interventions	to	test	whether	there	is	a	synergistic	
or	 super-	additive	 effect	 on	 pain	 and	 fear	 when	 high	
levels	 of	 self-	efficacy	 for	 pain	 coping	 are	 promoted	
and	 when	 attention	 is	 divided	 to	 potentially	 decrease	
the	pain	of	the	needle	itself.	Identical	procedures	were	
used	 for	 each	 intervention	 (as	 described	 above),	 with	
PMR	first,	followed	by	the	DA	game	prior	to	the	needle,	
followed	by	PMR	after	the	needle.	We	anticipated	that	
the	combined	interventions	would	take	approximately	
eight	to	10	minutes	to	provide.

2.6	 |	 Feasibility outcomes

2.6.1	 |	 Study	procedures

Recruitment	rates	and	retention	rates	were	monitored	to	
evaluate	the	feasibility	of	study	procedures.

2.6.2	 |	 Feasibility	of	intervention	delivery

To	evaluate	the	feasibility	of	intervention	delivery	by	clini-
cal	nurses,	the	video-	recorded	interventions	were	assessed	
by	two	independent	researchers	(H.G.J.	and	C.G.N.)	who	

evaluated	numerous	aspects	of	the	intervention	delivery.	
Conflicts	were	resolved	via	discussion.

Intervention fidelity
A	 standardized	 coding	 scheme	 was	 used	 to	 character-
ize	the	exact	procedures	used	by	clinical	nurses	for	each	
participant.	 Interventions	were	coded	according	 to	 the	
number	 of	 intervention	 components	 that	 were	 deliv-
ered	as	 intended	 for	each	participant	 (UC = 2	compo-
nents,	 DA  =  10	 components,	 PMR  =  7	 components,	
DA	+	PMR = 17	components;	see	Supplementary	File 3).	
Examples	 of	 intervention	 components	 include	 ‘Nurse	
introduces	game	to	the	child’	(DA)	and	‘Nurse	acknowl-
edges	a	good	coping	strategy	that	the	child	used’	(PMR).	
This	was	completed	using	a	protocol	checklist	with	three	
response	 categories:	 yes,	 no	 and	 partially.	 The	 propor-
tion	of	components	delivered	as	intended	for	each	inter-
vention	overall	 (for	all	participants	combined),	as	well	
as	the	proportion	of	participants	for	which	the	interven-
tion	 was	 delivered	 in	 full,	 were	 calculated.	 Additional	
strategies	used	by	nurses	in	each	intervention	were	de-
scribed	 (e.g.,	 wiggling	 the	 toes,	 sitting	 on	 the	 parent's	
lap).	Last,	the	timing	of	side	effect	information	delivery	
was	coded	as	 ‘before’,	 ‘between’	or	 ‘after’	the	interven-
tion/needle	because	this	timing	could	influence	how	the	
child	experiences	the	needle	procedure	and	thus,	could	
impact	the	therapeutic	effects	of	the	interventions.	The	
intervention	protocol	 included	specific	 instructions	 for	
nurses	 to	 provide	 vaccination	 side	 effect	 information	
before	 beginning	 the	 intervention,	 which	 was	 particu-
larly	 important	 for	 the	 interventions	 involving	 PMR.	
Thus,	the	fidelity	criteria	were	that	providing	side	effect	
information	 before	 commencing	 the	 intervention	 was	
considered	acceptable,	and	providing	information	after	
or	between	the	intervention/needle	was	unacceptable.

Child, parent and nurse distress and coping (promoting) 
behaviours during interventions
The	 short-	form	 Child-	Adult	 Medical	 Procedure	
Interaction	Scale	 (CAMPIS-	SF)	 (Blount	et	al., 2001)	was	
used	to	assess	children's	distress	and	coping,	as	well	as	the	
coping	and	distress	promoting	behaviours	of	their	parent	
and	the	nurse,	by	the	same	two	independent	researchers	
(H.G.J.	and	C.G.N.).	The	CAMPIS-	SF	uses	a	5-	point	Likert	
scale	 (1  =	none,	 5  =	maximum	 or	 nearly	 continuous)	 to	
rate	 the	 frequency	 of	 verbal	 and	 non-	verbal	 coping	 and	
distress	 behaviours	 for	 the	 child	 and	 coping-	promoting	
and	 distress-	promoting	 behaviours	 of	 the	 parent	 and	
nurse	separately	(Blount	et	al., 2001).	Ratings	were	made	
for	the	periods	occurring	before,	during	and	after	the	vac-
cination.	Conflicts	where	there	was	a	one-	point	difference	
on	the	scale	were	averaged,	and	conflicts	where	there	was	
a	 two-	point	 or	 greater	 difference	 were	 resolved	 through	
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discussion	 and	 re-	watching	 the	 videos	 to	 reach	 consen-
sus.	The	nurses	were	also	assessed	for	rapport	(0–	10	NRS:	
0  =	extremely	 poor	 quality,	 10  =	extremely	 high	 qual-
ity)	and	communication	pattern	 (adapted	 for	 the	nurses	
based	upon	prototypical	parent	communication	patterns	
in	 painful	 paediatric	 contexts)	 (Cline	 et	 al.,  2006).	 See	
Supplementary	File 3	for	these	assessment	tools.

2.6.3	 |	 Child/parent	recall	of	interventions

The	content	of	each	memory	recall	interview	with	children	
and	 their	 parents	 (i.e.,	 follow-	up	 phone	 calls	 at	 2	weeks	
post-	vaccination)	 was	 also	 coded	 by	 the	 two	 independent	
researchers	(H.G.J.	and	C.G.N.)	according	to	recalled	verbal	
and	non-	verbal	expressions	that	occurred	during	the	vaccina-
tion.	Notably,	this	did	not	involve	coding	verbal/non-	verbal	
communication	 occuring	 during	 the	 phone	 call	 between	
the	researcher	and	the	child/parent;	coding	was	specific	to	
their	 recall	 of	 the	 vaccination	 experience.  Codes	 included	
explanations	of	pain/vaccination,	coping,	pain,	anxiety/fear	
and	references	to	body	parts	and	medical	procedures	(Noel	
et	al., 2019)	(see	Supplementary	File 4	for	the	coding	scheme:	
Table S4.1).	Non-	verbal	behaviours	 (e.g.,	 crying,	 smile	and	
frowning)	were	coded	when	the	parent	or	child	recalled	ver-
bally	that	the	child	displayed	these	behaviours	at	the	time	of	
the	vaccination.	Conflicts	were	resolved	via	discussion.

2.6.4	 |	 Nurse	perception	of	interventions

After	data	collection	was	completed,	each	nurse	was	 in-
terviewed	via	phone	(by	F.A.B.)	to	assess	their	perceptions	
of	how	each	intervention	went	(i.e.,	what	went	well	and	
what	was	challenging).	Nurses	were	also	asked	about	their	
beliefs	 regarding	 the	purpose	of	each	 intervention,	 their	
confidence	with	delivering	each	intervention,	and	for	sug-
gestions	on	how	to	improve	both	the	training	procedures	
and	the	interventions	themselves.	Phone	interviews	with	
the	nurses	were	audio-	recorded	and	descriptively	synthe-
sized	by	an	independent	researcher	(H.G.J.).

2.7	 |	 Analyses

2.7.1	 |	 Feasibility	outcomes

Feasibility	 of	 study	 procedures	 and	 intervention	 fidelity	
were	 examined	 in	 terms	 of	 frequencies	 and	 percentages.	
Descriptive	statistics	(mean,	standard	deviation	[SD],	fre-
quency	and	range)	were	used	to	summarize	other	interven-
tion	factors,	including	the	rapport	scores	for	the	nurses,	the	
CAMPIS-	SF	scores	and	the	coding	of	verbal	and	non-	verbal	

content	 from	the	2-	week	post-	vaccination	memory	 inter-
view	phone	calls	with	the	children	and	parents.	Descriptive	
syntheses	were	used	to	summarize	nurse	communication	
patterns	during	interventions	and	nurse	perceptions	of	the	
interventions	provided	via	the	phone	interviews.

2.7.2	 |	 Preliminary	clinical	outcomes

Given	 the	 feasibility	 nature	 of	 this	 study,	 we	 conducted	
exploratory	analyses	on	available	data	for	child	and	par-
ent	clinical	outcomes,	including	child	and	parent	ratings	
of	child	needle-	related	pain	intensity	and	fear,	child	cata-
strophizing	 and	 parent	 anxiety	 and	 confidence.	 Missing	
data	 were	 excluded	 from	 the	 analyses.	 Overall	 changes	
over	 time	 (all	 four	 groups	 combined)	 and	 within-	group	
changes	 over	 time	 were	 analysed	 using	 repeated	 meas-
ures	analyses	of	variances	with	pairwise	comparisons	(if	
main	 effect	 significant)	 and	 paired	 t-	tests,	 respectively.	
Cohen's	 d	 was	 used	 to	 estimate	 effect	 sizes	 for	 within-	
group	changes.	Sensitivity	analyses	excluding	participants	
who	 had	 adverse	 events	 were	 completed.	 Given	 the	 ex-
ploratory	 nature	 of	 this	 analysis,	 correction	 for	 multiple	
comparisons	 was	 not	 undertaken.	 Within-	group	 change	
scores	and	their	95%	confidence	intervals	were	calculated,	
with	Cohen's	d	(for	dependent	samples)	reported.

3 	 | 	 RESULTS

Table 1	presents	demographic	characteristics	of	children	and	
their	parents,	with	Supplementary	File 5	(Table S5)	present-
ing	further	detail	on	participant	vaccine	and	painful	medical	
procedure	history	and	vaccine	preparation	strategies.	Of	the	
41	eligible	child–	parent	dyads,	one	involved	a	non-	biological	
parent	(foster	carer),	and	this	carer	had	known	the	child	for	
6	years	(DA	group).	Eight	parents	had	two	eligible	children,	
therefore,	these	parents	completed	study	assessments	twice,	
one	with	respect	to	each	child.	A	third	family	had	three	eli-
gible	children	(the	mother	of	these	three	children	completed	
the	baseline	survey	three	times	and	follow-	up	assessments	
with	respect	to	two	children,	however,	the	father	attended	
the	vaccination	of	one	child,	so	he	completed	follow-	up	as-
sessments	with	respect	to	that	child).

3.1	 |	 Feasibility outcomes

3.1.1	 |	 Feasibility	of	study	procedures	
(recruitment	and	retention)

Data	 collection	 occurred	 over	 two	 flu	 seasons	 (19th	
of	 April	 2018	 to	 23rd	 of	 June	 2018;	 24th	 of	 July	 2019).	
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T A B L E  1 	 Participant	demographics

Characteristic
Usual care 
(n = 10)

Divided 
attention 
(n = 10)

Positive memory 
reframing (n = 11)

Divided 
attention + positive 
memory reframing 
(n = 10)

Overall 
(n = 41)

Sex	(n,	female:male)

Child 5F:5M 7F:3M 7F:4M 7F:3M 26F:15M

Parent 8F:2M 10F:0Ma 9F:2M 5F:5M 32F:9M

Age	(child) 9.90	(1.30) 9.30	(1.42) 9.64	(1.50) 9.30	(0.95) 9.54	(1.28)

Number	of	people	in	household

Total 4.00	(0.83) 4.50	(1.43) 4.27	(1.10) 4.60	(1.07) 4.34	(1.10)

Children 2.10	(0.88) 2.70	(1.57) 2.36	(1.36) 2.70	(1.34) 2.46	(1.29)

Marital	status	(n,	parent)

Married 8 6 9 9 32

Common-	law 1 0 1 1 3

Separated/divorced 1 3 1 0 5

Single 0 1 0 0 1

Education	level	(n,	parent)

Graduate/
professional	
school,	Master's	
degree,	PhD

3 4 3 3 14

College/Bachelor's	
degree

3 4 4 3 13

Vocational	school/
some	college,	no	
degree

4 2 2 1 9

High	school	or	less 0 0 2 3 5

Household	income	(n)

Less	than	$15,000 0 0 0 1 1

$15,000–	$29,999 0 0 1 1 2

$30,000–	49,999 1 1 1 1 4

$50,000–	$74,999 2 0 0 1 3

$75,000–	$99,999 2 1 1 1 5

$100,000–	$149,999 4 4 5 2 15

Over	$150,000 1 3 2 3 9

NR 0 1 1 0 2

Race	(n,	child)

Caucasian/white 9 10 10 9 38

Asian 0 0 1 1 2

Other 1 0 0 0 1

Race	(n,	parent)

Caucasian/white 9 9 10 9 37

Asian 1 0 1 1 3

Other 0 0 0 0 0

NR 0 1 0 0 1

Pain	catastrophizing

Child	(PCS-	C) 19.10	(12.02) 20.40	(10.72) 15.36	(6.44) 22.60	(12.06) 19.27	(10.43)
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Figure  2	 presents	 the	 flow	 of	 participants	 through	 the	
study	 using	 the	 Consolidated	 Standards	 of	 Reporting	
Trials	 (CONSORT)	 for	 feasibility	 studies	 (Eldridge	
et	al., 2010).	Over	3 months	of	the	2018	flu	season,	50	par-
ticipants	were	screened	and	37	were	recruited.	In	order	to	
reach	our	recruitment	target	of	10	per	group,	we	re-	started	
data	collection	in	the	subsequent	flu	season.	In	2019,	four	
participants	were	screened,	recruited	and	immunized	on	a	
single	day	(via	one	school).	This	corresponds	to	a	recruit-
ment	rate	of	approximately	3–	4	participants	per	week.	A	
total	of	54	child–	parent	dyads	were	screened,	with	51	eli-
gible	and	41	included.	Ten	dyads	were	randomized	to	each	

group	except	 the	PMR	group	 (n = 11).	Three	exclusions	
related	to	the	child	being	outside	the	8–	12-	year	age-	range;	
the	 other	 10	 exclusions	 were	 eligible	 but	 never	 received	
the	vaccination	due	to	non-	response	to	follow-	up	contact	
(n = 7)	and	scheduling	issues	(n = 3),	including	two	whose	
appointments	were	cancelled	due	to	vaccine	shortage	and	
could	not	be	rescheduled.	Four	participant	appointments	
in	total	had	to	be	cancelled	due	to	a	vaccine	shortage,	but	
two	were	able	to	be	rescheduled.	Missing	clinical	data	(7%	
across	 all	 timepoints)	 were	 excluded	 from	 the	 analyses.	
The	main	reason	for	missing	data	was	loss	to	follow-	up	at	
the	2-	week	post-	vaccination	timepoint	(n = 6).

Characteristic
Usual care 
(n = 10)

Divided 
attention 
(n = 10)

Positive memory 
reframing (n = 11)

Divided 
attention + positive 
memory reframing 
(n = 10)

Overall 
(n = 41)

Parent	(PCS-	P) 13.20	(5.75) 12.11	(4.14)b 12.60	(5.58)b 21.20	(10.22) 14.82	(7.59)c

Anxiety

Child	(0–	10	
CSA-	NRS)

4.60	(2.41) 4.10	(3.31) 4.18	(3.71) 6.20	(2.53) 4.76	(3.06)

Child	(STAI-	C) 35.70	(5.27) 33.50	(7.78) 30.09	(6.46) 36.60	(5.34) 33.88	(6.58)

Child	(CASI) 29.50	(5.97) 32.00	(7.77) 26.73	(3.04) 31.20	(7.15) 29.78	(6.30)

Parent	(STAI-	S) 45.20	(5.71) 43.22	(5.47)b 45.60	(5.04)b 46.20	(4.69) 45.10	(5.08)c

Parent	(STAI-	T) 45.40	(2.59) 43.44	(2.96)b 45.40	(4.06)b 47.20	(5.14) 45.41	(3.92)c

Child	pain	self-	efficacy	
(0–	10	NRS)

5.20	(3.58) 5.90	(2.85) 5.82	(3.09) 4.50	(2.59) 5.37	(2.99)

Physical	or	mental	
health	diagnoses	
(n,	parent)

1	Anxiety
1	ASD,	ADHD
1	Primary	

sclerosing	
cholangitis,	
ulcerative	
colitis

1	Behcet's	
disease

1	Depression
1	Rheumatoid	

Arthritis
2	NR

1	Anxiety,	post-	natal	
depression

1	Breast	cancer
1	Dershen	Axide
1	Rheumatoid	

Arthritis
1	NR

1	ADHD
1	Brain	injury,	gout
1	Depression,	anxiety
1	Depression

5	Depression	
and/or	
anxiety

2	Rheumatoid	
Arthritis

2	ASD	and/or	
ADHD

5	Other
3	NR

Physical	or	mental	
health	diagnoses	
(n,	child,	reported	
by	parent)

1	ASD,	ADHD
1	Dyslexia
1	Swelling

1	Finger	
fracture

1	NR

1	NR 1	ASD
1	Small	wrist	fracture

2	ASD	and/or	
ADHD

3	Injury
1	Dyslexia
2	NR

Note:	Values	are	mean	(SD)	uncles	otherwise	indicated.	Child	pain	self-	efficacy	was	assessed	using	a	vaccination-	specific	0–	10	point	Numeric	Rating	Scale	
(0 =	Not	well	at	all;	10 =	very	well).
Abbreviations:	ADHD,	attention	deficit	hyperactivity	disorder;	ASD,	autism	spectrum	disorder;	CASI,	Childhood	Anxiety	Sensitivity	Index	(18	items,	1–	3	
Likert	scale,	maximum	score	54,	lower	score	represents	lower	anxiety);	CSA-	NRS,	Child	State	Anxiety	Numeric	Rating	Scale	(0–	10,	0 =	not	at	all	nervous	or	
anxious,	10 =	most	nervous	or	anxious,	maximum	score	10,	lower	score	represents	lower	state	anxiety/nervousness);	NR,	not	reported;	NRS,	Numeric	Rating	
Scale;	PCS-	C,	Pain	Catastrophizing	Scale	for	Children	(13	items,	0–	4	Likert	scale,	maximum	score	52,	lower	score	represents	less	catastrophizing);	PCS-	P,	Pain	
Catastrophizing	Scale	for	Parents	(13	items,	0–	4	Likert	scale,	maximum	score	52,	lower	score	represents	less	catastrophizing);	STAI-	C,	State	Trait	Anxiety	
Inventory	for	Children	(20	items,	1–	3	Likert	scale,	maximum	score	60,	lower	score	represents	lower	anxiety);	STAI-	S,	State	Trait	Anxiety	Inventory	State	
subscale	for	parents	(20	items,	1–	4	Likert	scale,	maximum	score	80,	lower	score	represents	lower	state	anxiety);	STAI-	T,	State	Trait	Anxiety	Inventory	Trait	
subscale	for	parents	(20	items,	1–	4	Likert	scale,	maximum	score	80,	lower	score	represents	lower	trait	anxiety).
aThe	mother	of	one	child	completed	the	baseline	assessment	but	then	the	father	attended	the	vaccination	and	completed	follow-	up	assessments.
bn = 1	missing	data.
cn = 2	missing	data.

T A B L E  1 	 (Continued)
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3.1.2	 |	 Feasibility	of	intervention	delivery

Videos	 were	 available	 for	 analysis	 for	 93%	 of	 partici-
pants	 (n  =  38/41).	 The	 three	 missing	 videos	 were	 due	
to	 camera	 battery	 failure,	 researcher	 error	 (acciden-
tally	 did	 not	 record),	 and	 one	 participant	 declined	 to	
be	recorded.	Durations	of	 interventions	were	generally	
shorter	than	anticipated	(except	for	DA):	mean	(SD)	du-
ration	 (minutes:seconds)	were	3:46	 (0.07)	 for	UC,	5:47	
(0.21)	 for	 DA,	 5:00	 (0.10)	 for	 PMR	 and	 6:14	 (0.09)	 for	
DA	+	PMR.

Intervention fidelity
Overall,	85%	of	 intervention	components	were	delivered	
as	intended.	For	the	UC	group,	100%	of	intervention	com-
ponents	were	met	 for	each	participant;	however,	 for	 the	
three	 intervention	 groups,	 only	 10%–	22%	 of	 participants	
received	 the	 intervention	 in	 full	 (Table  2).	 The	 most	

frequently	omitted	components	of	each	intervention	were	
as	follows:

•	 DA group:	 Nurse	 played	 the	 sensory	 discrimination	
game	for	<1	min	(i.e.,	not	the	full	1–	2	min;	n = 5);	prior	
to	 delivering	 the	 needle	 the	 nurse	 did	 not	 prime	 the	
child	to	remember	the	spatial	location	of	the	two	spots	
from	the	game	(aim:	to	maximize	potential	for	analge-
sia;	n = 4).

•	 PMR group:	Nurse	did	not	tell	the	child	“I	see	hundreds	
of	kids	for	these	needles	and	you	handled	this	so	well”	
(n = 5);	nurse	did	not	tell	the	child	that	they	were	brave	
(aim:	to	enhance	self-	efficacy;	n = 4).

•	 DA + PMR	group:	Nurse	played	the	sensory	discrimina-
tion	game	for	<1	min	(i.e.,	not	the	full	1–	2	min;	n = 5);	
nurse	did	not	tell	the	child	that	they	were	brave	(n = 4).

•	 Additional	 strategies	 were	 adopted	 by	 nurses	 in	 each	
group,	with	92%	of	interventions	involving	‘distraction’	

F I G U R E  2  CONSORT	flow	diagram	for	feasibility	studies.	*n = 1	child	in	this	group	did	not	complete	the	immediately	post-	vaccination	
assessment	(reason	unknown),	but	their	parent	did.
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techniques.	 The	 most	 frequent	 techniques	 included	
overt	distraction	such	as	instructions	to	wiggle	toes	and	
engaging	with	the	parent	(e.g.,	sitting	on	the	parent's	lap	
and	stroking	the	child's	leg)	during	needle	provision	as	
well	as	 techniques	 related	 to	breathing	and	relaxation	
(e.g.,	taking	deep	breaths).

Side	effect	information	was	delivered	before	the	needle	
for	71%	of	interventions	(n = 27),	after	the	needle	for	18%	
of	interventions	(n = 7),	between	the	intervention	and	the	
needle	for	5%	of	interventions	(n = 2),	and	for	the	remain-
der,	it	was	not	evident	in	video	(n = 2).	For	the	PMR	and	
DA	+	PMR	interventions	specifically,	side	effect	informa-
tion	was	delivered	before	the	intervention	for	67%	and	70%	
of	interventions,	respectively.

Child, parent and nurse distress and coping (promoting) 
behaviours during interventions
Table 3	presents	the	CAMPIS-	SF	scores	for	children	and	
parents.	For	children,	in	all	four	groups,	verbal	coping	was	
highest	 before	 the	 needle	 and	 lowest	 during	 the	 needle,	
and	non-	verbal	coping	was	highest	during	the	needle	and	
lowest	after	the	needle.	There	were	no	clear	patterns	for	
verbal	 or	 non-	verbal	 distress.	 For	 nurses,	 verbal	 coping-	
promoting	 was	 highest	 during	 the	 needle	 (except	 for	
DA	+	PMR	 where	 it	 was	 highest	 before	 the	 needle)	 and	
verbal	 distress-	promoting	 was	 highest	 before	 the	 needle	
in	all	four	groups,	but	there	was	no	clear	pattern	for	non-	
verbal	 behaviours.	 For	 parents,	 verbal	 and	 non-	verbal	
coping-	promoting	 was	 highest	 before	 the	 needle,	 except	
for	the	DA	+	PMR	group,	where	it	was	highest	during	the	
needle.	Parents'	non-	verbal	distress-	promoting	was	high-
est	during	the	needle	for	all	four	groups,	but	there	was	no	
clear	pattern	for	verbal	distress-	promoting.	The	two	inde-
pendent	raters	had	moderate	to	almost	perfect	agreement	
on	all	 items	on	the	CAMPIS-	SF	(Cohen's	kappa = 0.65–	
0.92)	(McHugh, 2012).

Overall,	 the	mean	(SD)	rating	of	rapport	between	the	
nurse	and	the	child	was	7.68	(0.79)	(range	5–	9).	For	95%	
(n = 36/38)	of	interventions,	the	nurse's	communication	
pattern	 was	 considered	 supportive,	 with	 the	 remaining	
5%	 (n  =  2/38)	 considered	 invalidating.	 Table  2	 presents	
the	nurse	rapport	scores	and	communication	patterns	for	
each	intervention	group.

3.1.3	 |	 Child/parent	recall	of	interventions

Supplementary	 File  4	 (Table  S4.2)	 presents	 content	
coding	 in	 terms	 of	 verbal	 and	 non-	verbal	 expressions	
of	 the	 parent	 and	 child	 during	 the	 memory	 recall	 in-
terviews	 (phone	 calls	 at	 2	weeks).	 In	 general,	 par-
ents	 in	 the	 new	 intervention	 groups	 more	 frequently	T
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expressed	 positive	 and	 negative	 emotions	 and	 pain	
(vs.	UC).	Children	in	the	new	intervention	groups	also	
more	 frequently	 expressed	 emotions	 but	 had	 fewer	
pain	expressions	(vs.	UC).

3.1.4	 |	 Nurse	perceptions	of	interventions

Interviews	of	the	three	nurses	after	data	collection	was	
complete	 revealed	 that	 overall,	 they	 understood	 the	
purpose	 of	 each	 intervention,	 and	 they	 felt	 confident	
in	their	ability	to	deliver	the	interventions	and	had	suf-
ficient	 training.	 However,	 it	 should	 be	 noted	 that	 one	
nurse	 stated	 that	 she	 did	 not	 have	 sufficient	 recollec-
tion	 of	 PMR	 and	 DA	+	PMR	 to	 respond	 to	 the	 inter-
view	 questions	 regarding	 these	 interventions.	 Table  4	
presents	a	summary	of	the	three	nurses'	perceptions	of	

each	intervention.	The	nurses	provided	overall	positive	
feedback	about	the	PMR	intervention,	but	the	feedback	
about	 the	 DA	 intervention	 was	 less	 positive	 and	 they	
provided	 suggestions	 for	 improvements.	 The	 nurses	
agreed	 the	 PMR	 intervention	 was	 good	 because	 it	 was	
individualized	 and	 helped	 build	 rapport,	 however,	 a	
barrier	 was	 that	 some	 children	 were	 unable	 to	 recall	
a	 previous	 painful	 procedure,	 or	 something	 positive	
about	a	previous	experience.	The	DA	sensory	game	was	
perceived	to	be	 less	suitable	 for	older	children	and	the	
nurses	suggested	that	it	should	be	adapted	based	on	the	
child's	age	(e.g.,	use	of	alternative	distraction	methods).	
The	 nurses	 also	 suggested	 that	 the	 DA	 and	 DA	+	PMR	
interventions	 were	 less	 suitable	 for	 anxious	 children	
because	 the	 time	 taken	 to	 complete	 the	 interventions,	
particularly	to	play	the	sensory	game,	could	contribute	
to	heightened	child	anxiety.

T A B L E  3 	 The	short-	form	child-	adult	medical	procedure	interaction	scale	(CAMPIS-	SF)	results

Intervention [mean (SD), range]

Usual care (n = 9) Divided attention (n = 10) Positive memory reframing (n = 9)
Divded attention + positive memory reframing 
(n = 10)

Before During After Before During After Before During After Before During After

Child Coping:	Verbal 2.44	(0.53)
2.00–	3.00

1.00	(0.00)
1.00–	1.00

1.78	(0.83)
1.00–	3.00

2.10	(0.74)
1.00–	3.00

1.40	(0.97)
1.00–	4.00

1.60	(0.70)
1.00–	3.00

2.33	(0.87)
1.00–	4.00

1.00	(0.00)
1.00–	1.00

1.44	(0.88)
1.00–	3.00

2.50	(0.85)
2.00–	4.00

1.50	(0.97)
1.00–	4.00

1.70	(0.67)	1.00–	3.00

Coping:	Non-	verbal 2.11	(0.60)
1.00–	3.00

4.11	(1.30)
1.00–	5.00

1.67	(0.87)
1.003.00

2.10	(0.74)
1.00–	3.00

2.40	(1.58)
1.00–	5.00

1.30	(0.48)
1.00–	2.00

1.89	(0.33)
1.00–	2.00

3.44	(1.67)
1.00–	5.00

1.67	(0.87)
1.00–	3.00

2.30	(0.48)
2.00–	3.00

4.10	(0.99)
2.00–	5.00

1.70	(0.48)	1.00–	2.00

Distress:	Verbal 1.89	(1.30)
1.00–	5.00

1.56	(1.13)
1.00–	4.00

1.56	(0.88)
1.00–	3.00

1.90	(1.29)
1.00–	4.00

1.90	(1.45)
1.00–	5.00

1.60	(0.97)
1.00–	4.00

1.44	(0.73)
1.00–	3.00

1.33	(1.00)
1.00–	4.00

1.44	(1.01)
1.00–	4.00

1.30	(0.95)
1.00–	4.00

1.10	(0.32)
1.00–	2.00

1.50	(0.71)	1.00–	3.00

Distress:	Non-	verbal 1.44	(1.33)
1.00–	5.00

1.56	(1.13)
1.00–	4.00

1.11	(1.13)
1.00–	4.00

2.00	(1.63)
1.00–	5.00

2.00	(1.70)
1.00–	5.00

1.80	(1.23)
1.00–	4.00

1.33	(0.71)
1.00–	3.00

1.56	(1.33)
1.00–	5.00

1.56	(1.13)
1.00–	4.00

1.10	(0.32)
1.00–	2.00

1.60	(0.70)
1.00–	3.00

1.10	(0.32)	1.00–	2.00

Nurse Coping	promoting:	Verbal 2.89	(0.60)
2.00–	4.00

4.22	(0.97)
3.00–	5.00

2.89	(0.33)
2.00–	3.00

3.10	(0.88)
2.00–	4.00

3.30	(1.42)
1.00–	5.00

3.00	(1.05)
2.00–	5.00

3.22	(0.67)
2.00–	4.00

3.89	(1.27)
1.00–	5.00

2.67	(0.87)
1.00–	4.00

3.40	(0.52)
3.00–	4.00

3.30	(1.06)
2.00–	5.00

3.00	(0.47)	2.00–	4.00

Coping	promoting:	Non-	verbal 3.11	(0.33)
3.00–	4.00

3.22	(0.97)
2.00–	5.00

2.67	(0.71)
2.00–	4.00

3.20	(0.79)
2.00–	5.00

2.60	(1.17)
1.00–	4.00

2.50	(0.85)
1.00–	4.00

3.22	(0.67)
2.00–	4.00

3.44	(0.73)
2.00–	4.00

2.89	(0.78)
1.00–	4.00

3.70	(0.67)
3.00–	5.00

2.80	(1.03)
1.00–	5.00

3.00	(0.47)	2.00–	4.00

Distress	promoting:	Verbal 1.56	(1.01)
1.00–	4.00

1.22	(0.44)
1.00–	2.00

1.22	(0.44)
1.00–	2.00

1.80	(1.03)
1.00–	4.00

1.20	(0.42)
1.00–	2.00

1.50	(0.53)
1.00–	2.00

1.56	(0.53)
1.00–	2.00

1.11	(0.33)
1.00–	2.00

1.44	(0.53)
1.00–	2.00

1.60	(0.84)
1.00–	3.00

1.20	(0.42)
1.00–	2.00

1.20	(0.42)	1.00–	2.00

Distress	promoting:	Non-	verbal 1.33	(1.00)
1.00–	4.00

1.33	(1.00)
1.00–	4.00

1.00	(0.00)
1.00–	1.00

1.50	(1.08)
1.00–	4.00

1.50	(1.27)
1.00–	5.00

1.20	(0.42)
1.00–	2.00

1.00	(0.00)
1.00–	1.00

1.00	(0.00)
1.00–	1.00

1.22	(0.44)
1.00–	2.00

1.10	(0.32)
1.00–	2.00

1.00	(0.00)
1.00–	1.00

1.00	(0.00)	1.00–	1.00

Parent Coping	promoting:	Verbal 1.78	(0.44)
1.00–	2.00

1.33	(0.50)
1.00–	2.00

1.67	(0.71)
1.00–	3.00

2.00	(0.94)
1.00–	4.00

1.30	(0.67)
1.00–	3.00

1.40	(0.52)
1.00–	2.00

2.11	(0.60)
1.00–	3.00

1.67	(0.87)
1.00–	3.00

1.89	(0.60)
1.00–	3.00

2.00	(0.67)
1.00–	3.00

2.40	(1.71)
1.00–	5.00

1.70	(0.67)	1.00–	3.00

Coping	promoting:	Non-	verbal 2.11	(1.05)
1.00–	4.00

1.67	(1.12)
1.00–	4.00

1.56	(0.53)
1.00–	2.00

2.00	(0.82)
1.00–	3.00

1.50	(0.97)
1.00–	4.00

1.60	(0.84)
1.00–	3.00

2.44	(0.88)
1.00–	4.00

2.33	(1.50)
1.00–	5.00

1.89	(0.78)
1.00–	3.00

2.50	(0.97)
1.00–	4.00

2.40	(1.84)
1.00–	5.00

1.90	(0.74)	1.00–	3.00

Distress	promoting:	Verbal 1.22	(0.44)
1.00–	2.00

1.00	(0.00)
1.00–	1.00

1.33	(0.50)
1.00–	2.00

1.40	(0.70)
1.00–	3.00

1.30	(0.95)
1.00–	4.00

1.20	(0.42)
1.00–	2.00

1.44	(0.73)
1.00–	3.00

1.67	(1.12)
1.00–	4.00

1.67	(1.12)
1.00–	4.00

1.30	(0.67)
1.00–	3.00

1.00	(0.00)
1.00–	1.00

1.20	(0.42)	1.00–	2.00

Distress	promoting:	Non-	verbal 1.56	(1.01)
1.00–	4.00

1.78	(1.56)
1.00–	5.00

1.56	(1.01)
1.00–	4.00

1.70	(1.06)
1.00–	4.00

2.20	(1.75)
1.00–	5.00

1.70	(1.06)
1.00–	4.00

1.67	(0.87)
1.00–	3.00

2.22	(1.56)
1.00–	5.00

1.67	(1.12)
1.00–	4.00

1.70	(1.05)
1.00–	4.00

2.20	(1.69)
1.00–	5.00

1.30	(0.48)	1.00–	2.00

Note:	Each	domain	of	the	CAMPIS-	SF	is	rated	using	a	5-	point	Likert	scale	(1 =	none,	5 =	maximum	or	nearly	constant)	to	rate	the	frequency	of	verbal	and		
non-	verbal	coping	and	distress	promoting	behaviours.	The	higher	the	mean,	the	more	frequently	the	behaviour	was	displayed.	Dark	shading	represents	scores		
≥3;	Light	shading	represents	scores	≥2.
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3.1.5	 |	 Preliminary	clinical	outcomes

There	 were	 no	 significant	 between-	group	 differences	 in	
clinical	outcomes	at	baseline.

Overall effects (all four groups combined)
The	 overall	 analysis	 (Figure  3)	 showed	 main	 effects	
over	 time	 for	 children's	 ratings	 of	 fear	 (F2,66  =	3.685,	
p  =  0.039),	 children's	 needle-	related	 pain	 catastrophiz-
ing	(F2,66 =	11.178,	p <	0.001),	parent	ratings	of	child	fear	
(F2,66 =	6.983,	p = 0.005),	and	parent	ratings	of	child	pain	
(F2,66 =	11.206,	p = 004).	There	were	no	main	effects	over	
time	for	children's	ratings	of	pain	(F2,66 =	1.889,	p = 0.159),	
parent	 anxiety	 (Parent	 State	 Anxiety	 NRS;	 F2,66  =	1.764,	
p = 0.186),	or	parent	confidence	that	they	could	decrease	
their	child's	pain	if	they	tried	(Parent	Stop	Tendency	Scale;	
F2,68 =	0.665,	p = 0.491).

Pairwise	 comparisons	 showed	 a	 reduction	 in	 chil-
dren's	 recall	 of	 their	 needle-	related	 fear	 at	 2	weeks	 post-	
vaccination	 (vs.	 baseline,	 p  =  0.027).	 Children's	 fear	 of	
future	 needles	 was	 also	 reduced	 (vs.	 immediately	 post-	
vaccination,	 p  =  005).	 Needle-	related	 pain	 catastrophiz-
ing	also	reduced	immediately	(vs.	baseline,	p = 0.005)	and	
2	weeks	post-	vaccination	 (vs.	baseline,	p = 0.001).	There	
was	 also	 an	 overall	 reduction	 in	 children's	 anticipated	
fear	of	 future	needles	(vs.	baseline;	p <	0.001)	but	no	ef-
fect	on	children's	anticipated	pain	intensity	during	future	
needles.	Overall,	parents'	ratings	of	child	fear	were	lower	
immediately	 post-	vaccination	 than	 anticipated	 at	 base-
line	(p = 0.012),	but	this	rating	increased	at	2	weeks	post-	
vaccination	(vs.	immediately	post-	vaccination;	p = 0.03).	
Parents'	perceptions	of	their	child's	needle-	related	pain	in-
tensity	were	also	lower	immediately	post-	vaccination	than	
anticipated	at	baseline	(p = 0.008).

T A B L E  3 	 The	short-	form	child-	adult	medical	procedure	interaction	scale	(CAMPIS-	SF)	results

Intervention [mean (SD), range]

Usual care (n = 9) Divided attention (n = 10) Positive memory reframing (n = 9)
Divded attention + positive memory reframing 
(n = 10)

Before During After Before During After Before During After Before During After

Child Coping:	Verbal 2.44	(0.53)
2.00–	3.00

1.00	(0.00)
1.00–	1.00

1.78	(0.83)
1.00–	3.00

2.10	(0.74)
1.00–	3.00

1.40	(0.97)
1.00–	4.00

1.60	(0.70)
1.00–	3.00

2.33	(0.87)
1.00–	4.00

1.00	(0.00)
1.00–	1.00

1.44	(0.88)
1.00–	3.00

2.50	(0.85)
2.00–	4.00

1.50	(0.97)
1.00–	4.00

1.70	(0.67)	1.00–	3.00

Coping:	Non-	verbal 2.11	(0.60)
1.00–	3.00

4.11	(1.30)
1.00–	5.00

1.67	(0.87)
1.003.00

2.10	(0.74)
1.00–	3.00

2.40	(1.58)
1.00–	5.00

1.30	(0.48)
1.00–	2.00

1.89	(0.33)
1.00–	2.00

3.44	(1.67)
1.00–	5.00

1.67	(0.87)
1.00–	3.00

2.30	(0.48)
2.00–	3.00

4.10	(0.99)
2.00–	5.00

1.70	(0.48)	1.00–	2.00

Distress:	Verbal 1.89	(1.30)
1.00–	5.00

1.56	(1.13)
1.00–	4.00

1.56	(0.88)
1.00–	3.00

1.90	(1.29)
1.00–	4.00

1.90	(1.45)
1.00–	5.00

1.60	(0.97)
1.00–	4.00

1.44	(0.73)
1.00–	3.00

1.33	(1.00)
1.00–	4.00

1.44	(1.01)
1.00–	4.00

1.30	(0.95)
1.00–	4.00

1.10	(0.32)
1.00–	2.00

1.50	(0.71)	1.00–	3.00

Distress:	Non-	verbal 1.44	(1.33)
1.00–	5.00

1.56	(1.13)
1.00–	4.00

1.11	(1.13)
1.00–	4.00

2.00	(1.63)
1.00–	5.00

2.00	(1.70)
1.00–	5.00

1.80	(1.23)
1.00–	4.00

1.33	(0.71)
1.00–	3.00

1.56	(1.33)
1.00–	5.00

1.56	(1.13)
1.00–	4.00

1.10	(0.32)
1.00–	2.00

1.60	(0.70)
1.00–	3.00

1.10	(0.32)	1.00–	2.00

Nurse Coping	promoting:	Verbal 2.89	(0.60)
2.00–	4.00

4.22	(0.97)
3.00–	5.00

2.89	(0.33)
2.00–	3.00

3.10	(0.88)
2.00–	4.00

3.30	(1.42)
1.00–	5.00

3.00	(1.05)
2.00–	5.00

3.22	(0.67)
2.00–	4.00

3.89	(1.27)
1.00–	5.00

2.67	(0.87)
1.00–	4.00

3.40	(0.52)
3.00–	4.00

3.30	(1.06)
2.00–	5.00

3.00	(0.47)	2.00–	4.00

Coping	promoting:	Non-	verbal 3.11	(0.33)
3.00–	4.00

3.22	(0.97)
2.00–	5.00

2.67	(0.71)
2.00–	4.00

3.20	(0.79)
2.00–	5.00

2.60	(1.17)
1.00–	4.00

2.50	(0.85)
1.00–	4.00

3.22	(0.67)
2.00–	4.00

3.44	(0.73)
2.00–	4.00

2.89	(0.78)
1.00–	4.00

3.70	(0.67)
3.00–	5.00

2.80	(1.03)
1.00–	5.00

3.00	(0.47)	2.00–	4.00

Distress	promoting:	Verbal 1.56	(1.01)
1.00–	4.00

1.22	(0.44)
1.00–	2.00

1.22	(0.44)
1.00–	2.00

1.80	(1.03)
1.00–	4.00

1.20	(0.42)
1.00–	2.00

1.50	(0.53)
1.00–	2.00

1.56	(0.53)
1.00–	2.00

1.11	(0.33)
1.00–	2.00

1.44	(0.53)
1.00–	2.00

1.60	(0.84)
1.00–	3.00

1.20	(0.42)
1.00–	2.00

1.20	(0.42)	1.00–	2.00

Distress	promoting:	Non-	verbal 1.33	(1.00)
1.00–	4.00

1.33	(1.00)
1.00–	4.00

1.00	(0.00)
1.00–	1.00

1.50	(1.08)
1.00–	4.00

1.50	(1.27)
1.00–	5.00

1.20	(0.42)
1.00–	2.00

1.00	(0.00)
1.00–	1.00

1.00	(0.00)
1.00–	1.00

1.22	(0.44)
1.00–	2.00

1.10	(0.32)
1.00–	2.00

1.00	(0.00)
1.00–	1.00

1.00	(0.00)	1.00–	1.00

Parent Coping	promoting:	Verbal 1.78	(0.44)
1.00–	2.00

1.33	(0.50)
1.00–	2.00

1.67	(0.71)
1.00–	3.00

2.00	(0.94)
1.00–	4.00

1.30	(0.67)
1.00–	3.00

1.40	(0.52)
1.00–	2.00

2.11	(0.60)
1.00–	3.00

1.67	(0.87)
1.00–	3.00

1.89	(0.60)
1.00–	3.00

2.00	(0.67)
1.00–	3.00

2.40	(1.71)
1.00–	5.00

1.70	(0.67)	1.00–	3.00

Coping	promoting:	Non-	verbal 2.11	(1.05)
1.00–	4.00

1.67	(1.12)
1.00–	4.00

1.56	(0.53)
1.00–	2.00

2.00	(0.82)
1.00–	3.00

1.50	(0.97)
1.00–	4.00

1.60	(0.84)
1.00–	3.00

2.44	(0.88)
1.00–	4.00

2.33	(1.50)
1.00–	5.00

1.89	(0.78)
1.00–	3.00

2.50	(0.97)
1.00–	4.00

2.40	(1.84)
1.00–	5.00

1.90	(0.74)	1.00–	3.00

Distress	promoting:	Verbal 1.22	(0.44)
1.00–	2.00

1.00	(0.00)
1.00–	1.00

1.33	(0.50)
1.00–	2.00

1.40	(0.70)
1.00–	3.00

1.30	(0.95)
1.00–	4.00

1.20	(0.42)
1.00–	2.00

1.44	(0.73)
1.00–	3.00

1.67	(1.12)
1.00–	4.00

1.67	(1.12)
1.00–	4.00

1.30	(0.67)
1.00–	3.00

1.00	(0.00)
1.00–	1.00

1.20	(0.42)	1.00–	2.00

Distress	promoting:	Non-	verbal 1.56	(1.01)
1.00–	4.00

1.78	(1.56)
1.00–	5.00

1.56	(1.01)
1.00–	4.00

1.70	(1.06)
1.00–	4.00

2.20	(1.75)
1.00–	5.00

1.70	(1.06)
1.00–	4.00

1.67	(0.87)
1.00–	3.00

2.22	(1.56)
1.00–	5.00

1.67	(1.12)
1.00–	4.00

1.70	(1.05)
1.00–	4.00

2.20	(1.69)
1.00–	5.00

1.30	(0.48)	1.00–	2.00

Note:	Each	domain	of	the	CAMPIS-	SF	is	rated	using	a	5-	point	Likert	scale	(1 =	none,	5 =	maximum	or	nearly	constant)	to	rate	the	frequency	of	verbal	and		
non-	verbal	coping	and	distress	promoting	behaviours.	The	higher	the	mean,	the	more	frequently	the	behaviour	was	displayed.	Dark	shading	represents	scores		
≥3;	Light	shading	represents	scores	≥2.
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T A B L E  4 	 Summary	of	nurse	perceptions	of	interventions

Domain
Divided attention 
(n = 3)

Positive memory reframing 
(n = 2)a

Divided attention + positive 
memory reframing (n = 2)a

Perceived	purpose	of	intervention 3	Distraction	away	
from	vaccination

1	Reduce	sensory	
aspect	of	
vaccination

2	Recall	a	previously	positive	
aspect	and	apply	to	current	
experience	to	make	current	
experience	better

2	Mixture	of	DA	and	PMR
1	Harder	to	describe—	more	detailed

How	it	went	overall 2	Good,	but	may	not	
be	suitable	for	all	
children	(more	
suited	to	younger	
children)

1	Not	good,	no	better	
than	usual	practice

2	Good	(has	merit,	no	hiccups) 2	Intervention	took	too	long

What	went	well 2	Nothing	specific	
(intervention	
works	as	a	whole,	
nothing	special)

2	No	children	were	
bad/pulled	away

1	Well	accepted	by	
children

2	Individualized	to	child	(better	
than	DA	which	is	not	
individualized)

1	Helps	develop	rapport	with	
parent	and	child

1	Uses	something	that	works	for	
them	rather	than	something	
that	works	for	me

1	Simplicity	of	it	was	good
1	Providing	praise	was	good

2	Participation/involving	the	child	in	
the	process

1	Involves	the	good	aspects	of	both	
DA	and	PMR	interventions

What	did	not	go	well/was	
challenging

1	Children	wary	about	
why	the	nurse	
wanted	to	touch	
them

1	Need	to	be	more	
confident

1	Difficult	for	anxious	
children,	takes	a	
long	time	which	
can	build	anxiety	
more

2	Child	not	being	able	to	recall	
previous	experience	or	
something	positive

2	Length	of	intervention,	less	
suitable	for	anxious	children

Confidence 2	Confident,	but	less	
than	usual	because	
they	were	using	a	
different	procedure

1	Confident	with	
young	but	not	
older	children

2	Confident 2	Confident,	but	felt	pressure	
to	follow	study	procedures	
appropriately

2	Confidence	increased	with	
experience

Feedback	on	training 3	Training	was	
sufficient

1	Suggested	video	
recordings	of	
‘ideal’	intervention	
delivery	to	provide	
clear	expectations

2	Training	was	sufficient
2	Simplicity	of	intervention	

meant	that	no	further	
training	was	required

2	Training	was	sufficient
1	Suggested	video	recordings	of	

‘ideal’	intervention	delivery	to	
provide	clear	expectations

1	Provide	strategies	to	deal	with	
anxious	children
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Domain
Divided attention 
(n = 3)

Positive memory reframing 
(n = 2)a

Divided attention + positive 
memory reframing (n = 2)a

Feedback	on	intervention	itself 1	Adapt	for	the	age	of	
the	child

1	Give	the	child	power	
to	decide	where	
they	are	being	
touched

1	Ability	to	use	
alternative	
distraction	
methods	(e.g.,	
bribery	with	
lollies,	wiggle	toes)

2	No	suggestions 1	Environmental	set-	up	was	not	
ideal

1	Ability	to	individualize	based	on	
age	group

1	Ability	to	use	alternative	
distraction	methods

Abbreviations:	DA,	divided	attention;	PMR,	positive	memory	reframing.
an = 1	nurse	reported	that	they	did	not	have	sufficient	recollection	of	these	interventions.	The	results	presented	in	this	table	summarize	absolute	frequencies	of	
statements	provided	by	nurses	during	phone	interviews	after	data	collection	was	complete.

T A B L E  4 	 (Continued)

F I G U R E  3  Overall	effects	(all	four	groups	combined)	for	child	and	parent	ratings	of	needle-	related	pain	intensity	and	fear	(means	and	
SDs).	*p <	0.05.	(a)	Child	Pain	was	assessed	using	a	0–	5	point	face	scale	(Faces	Pain	Scale-	Revised;	0 =	no	pain,	5 =	very	much	pain).	(b)	
Child	Fear	was	assessed	using	a	0–	4	point	face	scale	(Children's	Fear	Scale;	0 =	not	scared	at	all,	5 =	most	scared	possible).	(c,	d)	Parent	
ratings	of	Child	Pain	and	Fear	were	assessed	using	0–	10	point	Numeric	Rating	Scales	(0 =	no	pain,	10 =	most	pain;	0 =	not	at	all	scary,	
10 =	most	scary,	respectively).
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Within- group effects
Within-	group	analyses	(Figure 4)	showed	reductions	im-
mediately	post-	vaccination	(vs.	baseline)	for	parents'	rat-
ings	of	child	fear	in	the	UC	group	(p = 0.035,	d = 0.784)	
and	the	PMR	group	(p = 0.035,	d = 0.733),	and	child	cata-
strophizing	in	the	PMR	group	at	2	weeks	post-	vaccination	
(p = 0.013,	d = 0.980).	The	DA	+	PMR	group	showed	re-
ductions	in	child	fear	(p = 0.008,	d = 1.167)	and	catastro-
phizing	(p = 0.007,	d = 1.213)	at	2	weeks	post-	vaccination	
(vs.	baseline)	and,	at	2	weeks,	child	recalled	fear	of	the	nee-
dle	was	higher	than	their	fear	of	future	needles	(p = 0.008,	
d = 1.167).	Children	in	PMR	(p = 0.025,	d = 0.850)	and	
DA	+	PMR	(p = 0.003,	d = 1.376)	groups	also	showed	re-
duced	fear	of	future	needles	(vs.	baseline).	The	DA	group	
had	no	significant	within-	group	changes.	There	were	also	
no	significant	changes	over	time	in	child	or	parent	ratings	
of	child	pain	for	any	group.

In	 the	 DA	 group,	 parent	 anxiety	 increased	 from	 im-
mediately	 post-	vaccination	 to	 2	weeks	 post-	vaccination	
(p = 0.017).	There	were	no	within-	group	changes	in	par-
ent	anxiety	or	parent	confidence.

Supplementary	File	6	(Table	S6)	provides	within-	group	
change	 scores	 with	 95%	 confidence	 intervals,	 and	 effect	
sizes	(Cohen's	d).

Adverse events and sensitivity analyses
Two	participants	(n = 1	UC;	n = 1	DA)	had	adverse	events	
related	 to	 study	 protocol	 breach,	 where	 the	 needle	 was	
delivered	despite	child	distress.	Sensitivity	analyses	with	
these	 participants'	 data	 removed	 showed	 no	 differences	
in	the	findings,	barring	a	reduction	in	the	overall	parents'	
ratings	of	child	 fear	at	2	weeks	 (vs.	baseline;	p = 0.029),	
and	a	reduction	in	child	catastrophizing	post-	vaccination	
in	the	UC	group	(vs.	baseline;	p = 0.010).

4 	 | 	 DISCUSSION

This	 study	 evaluated	 the	 feasibility	 of	 two	 new	 inter-
ventions	 delivered	 by	 clinical	 nurses	 to	 reduce	 the	
negative	impact	of	needle	procedures	in	children.	The	
data	 collection	 methods	 appear	 feasible,	 however,	 re-
cruitment	 rates	 for	 flu	 vaccinations	 in	 this	 age	 group	
were	 low.	This	study	was	 the	 first	 to	recruit	and	train	
clinical	 nurses	 to	 administer	 these	 interventions	 and	
the	nurses	felt	confident	delivering	them.	However,	the	
interventions	 were	 rarely	 delivered	 fully	 as	 intended,	
with	 nurses	 frequently	 omitting	 intervention	 compo-
nents.	 Improved	 nurse	 training	 will	 be	 required	 prior	
to	 a	 large-	scale	 randomized	 controlled	 trial	 (RCT)	 to	
ensure	 that	 these	 interventions	 are	 delivered	 accu-
rately	and	consistently	 in	any	environment,	 including	
schools.	 Preliminary	 statistical	 analyses	 suggest	 that	

the	 interventions	 reduced	 needle-	related	 fear	 but	 did	
not	 reduce	pain.	However,	 the	combined	 intervention	
(DA	+	PMR)	showed	medium-	large	effects	on	child	fear	
(Supplementary	 File	 6	 -		 within	 group	 effect	 sizes)  po-
tentially	 providing	 support	 for	 hypothesized	 super-	
additive	effects.	However,	these	effects	may	have	been	
driven	by	high	anticipated	pain	and	fear	at	baseline	in	
the	DA	+	PMR	group.	That	 these	 simple	 interventions	
were	 applied	 by	 clinical	 nurses	 in	 various	 environ-
ments	and	had	promising	preliminary	results	supports	
continued	inquiry	towards	improved	vaccination	proto-
cols	for	children.

4.1	 |	 Intervention feasibility

Overall,	 nurses	 were	 able	 to	 deliver	 each	 intervention	
component	as	intended.	However,	adherence	to	deliver-
ing	interventions	in	full	for	each	child	was	poor.	Video	
analysis	 of	 the	 clinical	 encounters,	 as	 well	 as	 inter-
views	with	the	nurses,	allow	potential	explanations	for	
poor	 adherence.	 The	 most	 frequently	 omitted	 protocol	
items	were	providing	explicit	 statements	 in	PMR	(e.g.,	
‘you	 were	 brave’),	 and	 for	 DA	 the	 sensory	 discrimina-
tion	 game	 was	 often	 not	 played	 for	 the	 full	 duration.	
Additional	distraction	strategies	were	also	implemented	
for	nearly	every	child,	 suggesting	 the	nurses	perceived	
distraction	during	the	needle	application	itself	remained	
important.	Interestingly,	interviews	revealed	the	nurses	
felt	confident	and	they	had	received	sufficient	training,	
but	they	perceived	problems	with	the	new	interventions.	
Nurses	 suggested	 these	 interventions	 took	 too	 long,	
heightening	 child	 anxiety—	a	 perception	 likely	 driven	
by	conflict	with	usual	practice	of	providing	vaccinations	
as	quickly	as	possible.	This	feedback	also	explains	why	
mean	 intervention	 durations	 were	 generally	 shorter	
than	 anticipated.	 In	 addition,	 one	 nurse	 reported	 that	
the	DA	game	was	less	suitable	for	older	children,	which	
may	have	also	contributed	to	lack	of	adherence.	Indeed,	
video	 analysis	 revealed	 that	 nurse	 distress	 promoting	
behaviours	were	highest	and	rapport	scores	were	lowest	
for	DA.	It	 is	possible	that	deviations	from	intervention	
protocols	were	purposeful,	reflecting	the	nurses'	clinical	
experience	 and	 wisdom,	 rather	 than	 accidental	 or	 due	
to	 lack	 of	 training.	 Each	 nurse	 had	 >30	years	 clinical	
experience,	 so	 these	 protocol	 omissions	 might	 also	 re-
flect	difficulties	in	training	highly	experienced	nurses	to	
change	their	behaviour.

Strategies	 to	 improve	 intervention	 protocol	 ad-
herence	 are	 warranted	 prior	 to	 progression	 to	 a	 clin-
ical	 trial.	 Nurses	 may	 require	 more	 practice	 so	 they	
are	 comfortable	 relaxing	 into	 longer	 intervention	 de-
livery	 times.	 Expanded	 psychoeducation	 about	 the	
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importance	of	pain	management	during	needles	could	
also	 be	 important.	 For	 DA	 specifically,	 highlighting	
the	scientific	rationale	for	playing	the	DA	game	in	full	
might	 promote	 better	 adherence.	 Additionally,	 bol-
stering	 aspects	 of	 the	 interventions	 that	 the	 nurses	
perceived	 as	 positive	 might	 improve	 adherence.	 For	
example,	nurses	reported	that	the	best	aspects	of	PMR	
were	 individualization	 and	 child	 empowerment	 (e.g.,	
using	 strategies	 that	 work	 for	 the	 child,	 not	 just	 the	
nurse),	as	well	as	facilitation	of	both	child	and	parent	
rapport	 development.	 Last,	 given	 that	 the	 timing	 of	
side	 effect	 information	 delivery	 may	 impact	 interven-
tion	effects,	timing	should	be	included	on	future	nurse	
intervention	information	sheets.

4.2	 |	 Recommendations and 
future directions

Additional	 pilot	 and	 feasibility	 testing	 following	 itera-
tive	changes	to	the	nurse	training	and	intervention	im-
plementation	procedures	is	required	prior	to	progression	
to	a	large-	scale	RCT.	Improved	training	of	nurses	will	be	
necessary	so	interventions	are	delivered	effectively	and	
in	 full,	 regardless	 of	 the	 environment.	 Approximately	
one-	third	of	PMR	components	were	frequently	omitted,	
although	 little	 information	exists	 regarding	what	com-
ponents	 are	 key.	 Dismantling	 studies	 to	 identify	 PMR	
components	 critical	 to	 positively	 altering	 pain	 memo-
ries	 may	 provide	 insight	 into	 components	 that	 cannot	

F I G U R E  4  Within-	group	effects	for	child	and	parent	ratings	of	needle-	related	pain	intensity	and	fear	(means	and	SDs).	*p <	0.05.	(a)	
Child	Pain	was	assessed	using	a	0–	5	point	face	scale	(Faces	Pain	Scale-	Revised;	0 =	no	pain,	5 =	very	much	pain).	(b)	Child	Fear	was	assessed	
using	a	0–	4	point	face	scale	(Children's	Fear	Scale;	0 =	not	scared	at	all,	5 =	most	scared	possible).	(c,	d)	Parent	ratings	of	Child	Pain	and	
Fear	were	assessed	using	0–	10	point	Numeric	Rating	Scales	(0 =	no	pain,	10 =	most	pain;	0 =	not	at	all	scary,	10 =	most	scary,	respectively).
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be	 omitted.	 Similarly,	 mechanistic	 studies	 should	 seek	
to	determine	key	components	of	DA,	including	whether	
the	 1–	2	min	 duration	 is	 required	 for	 analgesic	 effects.	
Given	issues	identified	in	providing	DA,	combined	with	
a	 lack	 of	 pain	 reduction	 experienced	 during	 the	 nee-
dle	 (the	 hypothesized	 effect),	 such	 additional	 work	 is	
needed	to	determine	if	this	intervention	should	be	con-
tinued.	Further,	given	low	intervention	fidelity	despite	
extensive	 nurse	 training,	 getting	 experts	 to	 deliver	 the	
interventions	(e.g.,	psychologists	for	PMR)	or	the	child's	
parent	[which	has	been	shown	to	be	an	effective	strat-
egy	 with	 high	 intervention	 fidelity	 for	 PMR	 (Pavlova	
et	 al.,  2021)]	 to	 deliver	 the	 interventions	 might	 be	 an	
important	 initial	 step	 to	 determine	 clinical	 efficacy	
when	 the	 interventions	 are	 delivered	 in	 full.	 Then,	 if	
clinical	 results	 are	 promising,	 future	 studies	 could	 in-
vestigate	 efficacy	 in	 conjunction	 with	 implementation	
into	 regular	 clinical	 practice	 (i.e.,	 nurses	 providing	 all	
aspects	of	the	intervention).	Given	our	small	sample	size	
we	were	unable	to	determine	if	any	clinical	effects	were	
driven	by	additional	distraction	techniques	provided	by	
the	nurses	or	the	absence/presence	of	certain	interven-
tion	components.	Future	a	priori	analyses	 should	seek	
to	evaluate	 the	component-	specific	effects	of	 the	 inter-
ventions,	 for	example,	a	mechanism-	based	RCT	where	
each	group	gets	differing	combinations	of	 intervention	
components.	 We	 allowed	 the	 nurses	 to	 use	 additional	
distraction	techniques	in	the	intervention	protocols	for	
ethical	 reasons—	this	 is	 considered	 best-	practice	 care	
(Birnie	 et	 al.,  2018)	 and	 thus,	 we	 recommend	 future	
studies	do	the	same	and	seek	to	determine	the	effects	of	
the	new	interventions	in	addition	to	best-	practice	care.	
Secondly,	recruitment	rates	were	low,	likely	due	to	the	
absence	 of	 government-	funded	 influenza	 vaccines	 for	
children	 aged	 8–	12,	 a	 feature	 shown	 to	 influence	 vac-
cine	uptake	(Howard	et	al., 2021).	Thus,	future	studies	
should	 consider	 another	 type	 of	 injection	 that	 is	 typi-
cally	 scheduled	 (e.g.,	 measles/mumps/rubella)	 rather	
than	an	entirely	voluntary	vaccine.	In	addition,	four	ap-
pointments	were	cancelled	due	to	flu	vaccine	shortage,	
and	shortages	may	be	less	likely	for	a	scheduled	vaccine.	
Finally,	 strategies	 to	 improve	 retention	 are	 needed,	
given	high	loss	to	follow-	up	at	2	weeks	post-	vaccination	
(15%).	Ensuring	sufficient	emphasis	on	the	importance	
of	continued	follow-	up,	and	incentivizing	full	participa-
tion	(e.g.,	honoraria),	may	be	relevant.

Based	 on	 the	 preliminary	 clinical	 results	 and	 nurse	
feedback,	it	seems	a	focus	on	PMR	going	forward	is	war-
ranted,	but	adaptation	of	DA	may	be	needed.	For	exam-
ple,	 recruitment	 of	 younger	 children	 to	 maximize	 the	
suitability	of	DA	for	all	participants	(i.e.,	younger	chil-
dren	may	be	more	amenable	 to	playing	 the	DA	game),	
or	 providing	 specific	 protocol	 adaptation	 strategies	 for	

older	and/or	more	anxious	children.	For	PMR,	a	poten-
tial	strategy	to	reduce	intervention	delivery	time,	while	
still	ensuring	memories	are	reframed	and	positive	expec-
tancies	are	 instilled,	 is	via	parent	engagement.	Parents	
could	easily	be	taught	PMR	strategies	to	use	prior	to	the	
needle,	with	nurses	then	assisting	with	PMR	during	and	
after	 the	 needle.	 This	 ‘hybrid’	 strategy	 has	 advantages	
beyond	reducing	overall	delivery	time.	Parents	have	the	
advantage	of	being	present	with	their	child	during	pre-
vious	 painful	 procedures	 and	 thus	 are	 equipped	 with	
first-	hand	knowledge	of	what	 is	 accurate	and	effective	
for	their	child.	This	strategy	would	also	offer	more	time	
to	 reflect	 on	 previous	 painful	 experience,	 which	 could	
address	 our	 nurse	 feedback	 that	 some	 children	 were	
unable	to	recall/reflect	on	previous	experiences	during	
the	 intervention.	 Preliminary	 evidence	 from	 an	 RCT	
suggests	 that	 parent-	led	 PMR	 may	 lead	 to	 a	 reduction	
in	negatively-	biased	memories	of	pain	in	children	after	
surgery	 (Pavlova	 et	 al.,  2021),	 which	 suggests	 a	 super-	
additive	effect	may	be	possible	when	both	parents	and	
nurses	are	engaged.	Parent-	led	PMR	was	also	found	to	be	
acceptable	and	feasible	(Pavlova	et	al., 2021).	Translation	
of	pain	management	to	the	family	unit	can	be	empow-
ering	and	anxiety-	relieving,	particularly	for	parents	who	
may	 not	 be	 confident	 in	 how	 to	 manage	 their	 child's	
needle-	related	 fear	 and	 pain.	 Thus,	 the	 ability	 of	 this	
research	to	directly	translate	to	clinical	management	of	
needle-	related	pain	and	fear	in	children	is	high.

The	 preliminary	 clinical	 findings	 provide	 exciting	
potential	 for	 the	 application	 of	 these	 interventions	 to	
other	needle	contexts	 (IV	cannulation,	venipunctures),	
other	painful	medical	procedures,	interventionists	(par-
ents)	 and	 formats	 (online	 education,	 text	 messaging).	
These	 interventions	 may	 have	 particular	 relevance	 for	
children	 undergoing	 needle	 procedures	 frequently.	
One	 of	 the	 first	 memory-	reframing	 interventions	 de-
veloped	was	used	in	the	context	of	children	undergoing	
repeated	 needle	 procedures	 for	 cancer	 treatment,	 and	
it	 was	 found	 to	 be	 effective	 in	 reducing	 negative	 exag-
gerations	 in	 children's	 memories	 (Chen	 et	 al.,  1999).	
Future	research	examining	these	interventions	for	chil-
dren	 with	 other	 chronic	 illnesses	 is	 warranted.	 Future	
investigations	 could	 also	 compare	 efficacy	 in	 children	
and	parents	to	determine	developmental	differences	 in	
intervention	efficacy/delivery,	as	well	as	the	possibility	
of	 treatment-	tailoring	 based	 on	 baseline	 risk	 factors.	
Further	 exploration	 of	 the	 combined	 intervention	 ap-
pears	warranted—	it	had	large	effects	on	child	fear	(with	
the	 caveats	 of	 preliminary	 analyses	 and	 high	 baseline	
fear),	and	also	had	positive	findings	from	our	video	anal-
yses	(nurse	coping	promoting	behaviours	were	high	and	
distress	 promoting	 behaviours	 were	 low,	 and	 rapport	
scores	were	high).	Future	work	should	explore	the	types	
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of	children	who	would	be	best	suited	for	this	more	com-
prehensive	intervention	(e.g.,	highly	fearful/anxious).	A	
key	future	direction	is	to	follow	children	long-	term	and	
examine	the	impact	of	the	interventions	on	subsequent	
pain	and	fear	at	future	needle	procedures.	Last,	we	rec-
ommend	that	future	studies	use	topical	anaesthetic	for	
all	 children,	 consistent	 with	 best	 practice	 care	 recom-
mendations,	 and	 examine	 the	 added	 benefit	 of	 these	
interventions.

4.3	 |	 Strengths and limitations

Strengths	of	 this	 study	 include	protocol	 registration	and	
rigorous	reporting	with	adherence	to	CONSORT	(Eldridge	
et	al., 2010;	Thabane	et	al., 2016)	and	TiDieR	(Hoffmann	
et	 al.,  2014)	 checklists.	 While	 we	 did	 not	 have	 pre-	
registered	 feasibility	 criteria,	 these	 were	 determined	 by	
the	team	prior	to	data	analysis.	Further,	a	unique	strength	
of	our	study	was	video-	recorded	interventions,	rigorously	
analysed	 by	 two	 independent	 reviewers	 using	 standard-
ized	 coding	 schemes/rating	 scales,	 and	 supplemented	
by	interview	of	the	clinical	nurses,	allowing	comprehen-
sive	evaluation	of	 intervention	fidelity.	Future	studies	of	
similar	interventions	should	use	video	recording	to	detect	
adherence	 issues.	 Together,	 these	 feasibility	 outcomes	
provide	clear	directions	for	protocol	amendments	and	fur-
ther	pilot/feasibility	testing.

A	 limitation	 of	 our	 study	 was	 that	 one	 of	 the	 three	
nurses	 had	 insufficient	 recollection	 of	 the	 intervention	
protocols	to	answer	the	interview	questions.	As	such,	the	
comprehensiveness	 and	 quality	 of	 the	 nurse	 perception	
data	 may	 be	 limited,	 and	 this	 speaks	 to	 feasibility	 chal-
lenges	in	training	nurses	to	perform	these	interventions.	
Further	 limitations	 include	 those	 inherent	 to	 feasibility	
studies,	namely,	it	was	not	powered	for	efficacy	analyses.	
Therefore,	caution	in	interpreting	the	clinical	outcomes	is	
needed.	We	only	recruited	three	nurses,	so	challenges	re-
lated	to	differing	experience/skill	levels	may	not	have	been	
captured.	Further,	that	one	nurse	provided	the	majority	of	
interventions	(76%),	suggests	practitioner	generalizability	
will	be	important	to	evaluate	in	future	work.

4.4	 |	 Conclusions

Protocol	amendments	and	further	pilot	and	feasibility	test-
ing	are	required	prior	to	progression	to	a	large-	scale	RCT.	
Recommended	 amendments	 include	 enhanced	 training	
of	nurses,	use	of	a	vaccine	that	 is	scheduled	rather	 than	
voluntary	 to	 improve	 recruitment	 rates,	 and	 strategies	
to	 improve	 participant	 retention.	 Promising	 preliminary	
clinical	results,	particularly	with	respect	to	reducing	child	

fear,	suggest	further	research	into	these	new	interventions	
is	warranted.	Mechanistic	studies	should	seek	to	identify	
key	 intervention	 components	 to	 optimize	 efficacy	 and	
feasibility	via	omission	of	unnecessary	components	and,	
given	 the	 lack	 of	 effects	 on	 pain,	 analgesic	 potential	 of	
the	interventions	requires	further	exploration.	That	these	
interventions	can	be	applied	by	clinical	nurses	in	various	
environments,	including	non-	clinical	environments	such	
as	 schools,	 suggests	 potential	 for	 these	 interventions	 to	
improve	clinical	protocols	and	facilitate	broader	dissemi-
nation	of	vaccinations	for	children	in	a	manner	that	mini-
mizes	distress.
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