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Abstract
Introduction: Ecological	momentary	 assessment	 (EMA)	 is	 an	 emerging	method	 to	
assess	an	 individual's	current	 thoughts,	affect,	behaviour,	physical	 states	and	con‐
textual	factors	as	they	occur	in	real‐time	and	in	their	natural	environment.	Whereas	
EMA	is	 frequently	used	 in	mental	health,	 little	 is	known	about	the	added	value	of	
EMA	in	oncology	research.	This	review	aimed	to	synthesise	methodological	informa‐
tion	and	results	of	studies	that	applied	EMA	among	patients	with	cancer	to	inform	
future researchers about the opportunities and challenges.
Methods: We	included	full‐text	articles	on	studies	that:	(a)	were	conducted	among	
adult	cancer	patients;	and	(b)	examined	cancer	and	treatment‐related	experiences	by	
EMA.	Information	from	selected	studies	was	synthesised:	study	designs,	EMA	data	
collection	methods,	response‐related	results	and	main	findings.
Results: Twelve	studies	were	included,	which	all	applied	an	observational	design.	The	
EMA	data	 collection	methods	 varied	 considerably	 and	 the	 reporting	 of	 response‐
related	results	were	poor.	Nevertheless,	EMA	was	found	feasible	as	no	systematic	
patterns	of	problems	were	reported	and	reported	response‐related	results	were	ac‐
ceptable.	Furthermore,	EMA	was	found	useful	as	 it	facilitated	examination	of	real‐
time experiences and behaviour.
Conclusion: Ecological momentary assessment is useful and feasible in oncology 
research. Future studies would benefit from guidelines for designing and reporting 
EMA	studies.
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1  | INTRODUC TION

Many	patients	with	cancer	can	suffer	from	disease‐	and	treatment‐
related	problems	including,	among	others,	reduced	physical	fitness	
and	 function	 (Jones	 et	 al.,	 2012;	 Kokkonen	 et	 al.,	 2019),	 fatigue	
(Lucia,	Earnest,	&	Perez,	2003),	pain	(Kokkonen	et	al.,	2019),	nausea	
and	vomiting	(Kokkonen	et	al.,	2019),	anxiety	(Le,	Yu,	Guan,	&	Zhang,	
2018),	depression	(Le	et	al.,	2018)	and	impaired	health‐related	qual‐
ity	of	 life	 (HRQoL)	 (Kokkonen	et	al.,	2019).	 In	clinical	practice	and	
HRQoL	research,	retrospective	patient‐reported	outcome	measures	
(PROMs)	 are	 frequently	 used	 to	 assess	 patients'	 well‐being	 and	
disease‐	 and	 treatment‐related	 problems.	 However,	 retrospective	
PROMs	ask	patients	to	reflect	on	their	affective	and	somatic	expe‐
riences	over	the	past	week(s)	or	month(s),	and	therefore	they	reveal	
an overall evaluation of experiences in the past and not the actual 
experience in the present.

Capturing	 real‐time	 experiences	 related	 to	 the	 disease	 and	
treatment	 requires	 a	 different	 methodology	 called	 ecological	
momentary	 assessment	 (EMA)	 techniques	 (Moskowitz	 &	 Young,	
2006).	 Such	 techniques	 involve	 repeated	 sampling	 throughout	
the	day	of	people's	 current	 thoughts,	 affect,	 behaviour,	 physical	
states	 and	 contexts	 (e.g.,	 where	 they	 are,	 what	 they	 are	 doing,	
with	whom),	 in	 their	 natural	 (ecological)	 environment	 (Shiffman,	
Stone,	 &	 Hufford,	 2008).	 By	 shedding	 light	 on	 the	 dynamics	 of	
experiences	 and	 behaviour	 in	 real‐time,	 EMA	 techniques	 hold	
unique	promise	to	gain	a	better	understanding	about	factors	that	
precipitate	or	perpetuate	disease	and	treatment‐related	problems	
in	patients	with	cancer.	As	a	consequence	of	the	assessments	of	
a	 patient's	 current	 state,	 EMA	 is	 less	 susceptible	 to	 recall	 bias	
(Moore,	Depp,	Wetherell,	&	Lenze,	2016).

A	 variety	 of	 terms	 refer	 to	 EMA,	 including	 experience	 sam‐
pling,	 ambulatory	 assessments,	 event	 sampling,	 and	 structured	
diary	methods	 (Verhagen,	Hasmi,	Drukker,	 van	Os,	&	Delespaul,	
2016).	 Typically,	 in	 EMA	 techniques,	 patients	 are	 asked	 to	 com‐
plete	 a	 brief	 questionnaire	 in	 response	 to	 a	 number	 of	 beep	
prompts	 throughout	 a	day.	Participants	 are	 requested	 to	 fill	 out	
the	questionnaire	immediately	after	the	beep	prompt	and	to	keep	
a	 normal	 day/night	 routine	 (Shiffman	 et	 al.,	 2008).	 Various	 data	
collection	procedures	for	EMA	exist,	ranging	from	paper‐and‐pen‐
cil to wearable digital devices.

The	potential	of	EMA	to	successfully	capture	 real‐time	experi‐
ences	have	long	been	recognised	by	mental	health	researchers	(Cho	
et	al.,	2017;	Hamza	&	Willoughby,	2015).	The	following	two	arbitrary	
but	revealing	examples	may	illustrate	the	relevance	of	this	technique.	
First,	in	patients	with	anxiety	disorders,	changes	in	the	variability	of	
symptom levels during the course of psychological treatment were 
found	to	be	a	good	predictor	of	treatment	outcome	(Walz,	Nauta,	&	
Aan	Het	Rot,	2014).	Second,	by	examining	the	role	of	emotions	in	the	
development	and	maintenance	of	obesity	and	eating	disorders,	EMA	
data	revealed	that	negative	affect,	rather	than	hunger,	was	associ‐
ated	with	binge	eating	(Engel	et	al.,	2016).	The	potential	of	EMA	has	
only recently been recognised in oncology research. The emerging 
number	of	studies	using	EMA	techniques	warrants	a	scoping	review	

to inform future researchers about the opportunities and challenges 
of	using	EMA	among	patients	with	cancer.

In	the	present	review,	we	aim	to	synthesise	methodological	 in‐
formation	 and	 results	of	 studies	 that	 applied	EMA	 techniques	 ad‐
dressing	 disease‐	 and	 treatment‐related	 problems	 among	 patients	
with	 cancer,	 summarising	 (a)	 study	design	 characteristics,	 (b)	 EMA	
data	collection	methods,	(c)	response‐related	results	and	(d)	the	main	
findings of the studies.

2  | METHODS

The	 PRISMA	 extension	 for	 Scoping	 Reviews	 (Tricco	 et	 al.,	 2018)	
guided the writing of the manuscript.

2.1 | Literature search

The	databases	PubMed	 (dates	of	 coverage:	1950‐January,	2019),	
EMBASE	 (1947‐present)	 and	 PsycINFO	 (1880‐present)	 were	
searched.	 For	 the	 development	 of	 the	 search	 strategy,	 an	 infor‐
mation	 specialist	 of	 the	 Amsterdam	 University	 Medical	 Centers	
was	 consulted.	 Relevant	 keywords	 included	 terms	 related	 to	 the	
research	 methodology	 (e.g.,	 ecological	 momentary	 assessment,	
experience	sampling,	ambulatory	assessment,	event	sampling	and	
structured	 diary	 methodology)	 and	 terms	 related	 to	 the	 partici‐
pants	(e.g.,	cancer,	neoplasm	and	tumour).	The	full	search	strategy	
is	presented	in	File	S1.	In	addition,	studies	were	identified	from	ref‐
erence lists of relevant studies retrieved from the primary search.

2.2 | Eligibility criteria

Studies	were	included	if	they:	(a)	were	performed	in	adult	(≥18	years)	
patients	 with	 cancer	 before,	 during	 and/or	 after	 primary	 cancer	
treatment;	 (b)	examined	cancer	and	treatment‐related	experiences	
by	“active”	EMA	techniques,	with	which	self‐reported	data	were	col‐
lected.	 “Active”	 EMA	 requires	 participants	 to	 consciously	 provide	
information,	for	example	by	rating	their	current	mood	or	level	of	fa‐
tigue	in	response	to	a	question	that	is	prompted	on	their	electronic	
device;	 (c)	 included	more	 than	 one	 assessment	 per	 day;	 (d)	 lasted	
longer	than	24	hr;	and	(e)	original	full‐text	was	available	in	English.	
Studies	were	excluded	if	they	(a)	reported	on	ecological	momentary	
interventions	 (EMI),	 which	 extends	 the	 methodology	 of	 repeated	
within‐environment	prompting	into	the	domain	of	clinical	interven‐
tion	(Versluis,	Verkuil,	Spinhoven,	van	der	Ploeg,	&	Brosschot,	2016);	
or	(b)	reported	on	“passive”	EMA	techniques	only,	that	is,	collecting	
observational data through wearables without active involvement of 
participants	(e.g.,	heart	rate	and	physical	activity	monitors	or	voice	
recordings).

2.3 | Selection process

Screening	of	all	three	databases	was	performed	in	two	phases.	First,	
titles and abstracts of identified articles were screened to exclude 
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non‐eligible	 articles	 by	 two	 independent	 reviewers	 (CK	 and	 LB).	
Second,	full‐texts	of	the	remaining	articles	were	screened	for	eligi‐
bility by both reviewers. Disagreement between the two reviewers 
was	resolved	by	discussion.	When	necessary,	a	member	of	the	re‐
search	team	(MS)	was	available	for	consultation.

2.4 | Data extraction

From	each	study,	data	were	extracted	 in	four	categories.	The	first	
category,	 study design characteristics included information on the 

overall	study	aim,	sample	characteristics	(i.e.,	sample	size,	age,	gen‐
der,	 tumour	 type,	 timing	 in	 relation	 to	 cancer	 treatment,	 stage	 of	
disease,	comparison	groups	and	country	of	 investigation)	and	out‐
come	measures.	The	second	category,	EMA data collection methods 
included	information	on	system	characteristics	(i.e.,	type	of	device,	
the	application	name	and	operation	system,	if	applicable)	and	EMA	
schedule	 characteristics,	 which	 refer	 to	 monitoring	 periods	 (i.e.,	
number	of	data	collection	periods),	monitoring	duration	(i.e.,	number	
of	days	that	a	monitoring	period	lasted),	data	sampling	method	(i.e.,	
(a)	signal‐contingent	sampling	with	a	random	scheme	in	which	beep	

F I G U R E  1   Flow chart of literature search and study inclusion. n,	number

 169 Records iden�fied through 
database searching (PubMed, 

EMBASE, PsycINFO)

133 Records screened on 
�tle and abstract

99 Records excluded that were 
out of scope

12 Ar�cles included

34 Full-text ar�cles assessed 
for eligibility

133 Records a�er duplicates 
removed

22 Ar�cles excluded with 
following reasons: 
- Design (n=13): voice recordings 
(n=1), 24 hour assessment only 
(n=1), once a day diary 
assessments (n=11); 
- Protocol paper (n=1);
- Conference abstracts (n=8). 

3 Records iden�fied through 
reference lists 
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prompts	 are	 randomised	 throughout	 the	day,	 (b)	 signal‐contingent	
sampling with a fixed scheme in which beep prompts are set for cer‐
tain	intervals	that	are	not	random	or	(c)	event‐contingent	sampling,	
in which momentary assessments are recorded whenever a specific 
event	occurred,	 instead	of	 a	 beep	prompt),	 prompt	 frequency	per	
day	and	prompt	interval	(i.e.,	time	between	each	beep	prompt).	The	
third	 category,	 response‐related results	 included	 participation	 rate,	
latency	(i.e.,	 time	between	a	beep	prompt	and	the	response,	 if	ap‐
plicable),	attrition	rate	(i.e.,	the	number	of	participants	who	dropped	
out	of	the	study	for	any	reason),	missing	data	(i.e.,	unanswered	and/
or	 unprompted	 surveys),	 and	 incentives.	 The	 fourth	 category	 en‐
compassed the main findings of the studies. Data extraction was 
conducted	 by	CK,	 and	 the	 extraction	 forms	were	 verified	 by	 two	
members	of	the	research	team	(LB	and	MO)	accordingly.

3  | RESULTS

The	electronically	database	search	yielded	172	records.	After	screen‐
ing	 titles	 and	 abstracts,	 34	 potentially	 relevant	 articles	 were	 re‐
trieved	in	full‐text.	Twelve	studies	met	the	inclusion	criteria.	Figure	1	
presents	the	flow	chart	of	literature	search	and	study	inclusion,	and	
Table 1 summarises the methodological information and the results 
of	 the	 included	 studies	 (Badr,	 Basen‐Engquist,	 Carmack	 Taylor,	 &	
de	Moor,	 2006;	 Basen‐Engquist	 et	 al.,	 2013;	 Curran,	 Beacham,	 &	
Andrykowski,	 2004;	 Glaus,	 1993;	 Hachizuka	 et	 al.,	 2010;	 Hacker	
&	Ferrans,	2007;	Hacker	et	al.,	2006;	Hacker,	Kim,	Park,	&	Peters,	
2017;	Langer	et	al.,	2018;	Ratcliff,	Lam,	Arun,	Valero,	&	Cohen,	2014;	
Shiyko,	 Siembor,	Greene,	 Smyth,	&	Burkhalter,	 2018;	 Stephenson,	
DeLongis,	Bruel,	&	Badr,	2018).

3.1 | Study design characteristics

3.1.1 | Study aims

Seven	studies	(Badr	et	al.,	2006;	Basen‐Engquist	et	al.,	2013;	Hacker	
et	al.,	2006;	Langer	et	al.,	2018;	Ratcliff	et	al.,	2014;	Shiyko	et	al.,	
2018;	Stephenson	et	 al.,	 2018)	 aimed	 to	examine	 the	associations	
of	thoughts,	affect,	behaviour,	physical	states	or	contextual	factors	
with	the	primary	outcome	measure	of	interest	(e.g.,	sleep	or	pain),	in	
single	cohorts	of	patients	with	cancer.	Three	other	studies	(Curran	
et	al.,	2004;	Glaus,	1993;	Hacker	et	al.,	2017)	compared	diurnal	pat‐
terns of the primary outcome measure fatigue between patients with 
cancer	and	a	control	group	and	examined	associations	of	thoughts,	
affect,	behaviour,	physical	states	or	contextual	factors	with	fatigue.	
Two	studies	(Hachizuka	et	al.,	2010;	Hacker	&	Ferrans,	2007)	aimed	
to	examine	the	feasibility	of	EMA	among	patients	with	cancer.

3.1.2 | Sample characteristics

The	mean	number	of	participants	per	study	was	53	(range	15–107).	
Three	studies	(Curran	et	al.,	2004;	Ratcliff	et	al.,	2014;	Stephenson	
et	al.,	2018)	included	patients	with	breast	cancer,	one	study	(Badr	et	

al.,	2006)	 included	reports	on	a	sub‐study	on	patients	with	breast	
cancer	and	a	sub‐study	on	patients	with	ovarian	cancer,	three	stud‐
ies	(Hacker	&	Ferrans,	2007;	Hacker	et	al.,	2006,	2017)	included	pa‐
tients	with	haematologic	malignancies,	 three	studies	 (Glaus,	1993;	
Hachizuka	et	al.,	2010;	Langer	et	al.,	2018)	included	a	mixed	group	
of	patients	with	cancer,	and	the	remaining	studies	included	patients	
with	 lung	 (Shiyko	 et	 al.,	 2018)	 or	 endometrial	 (Basen‐Engquist	 et	
al.,	2013)	cancer.	Five	studies	evaluated	symptoms	during	primary	
treatment	 (Glaus,	1993;	Hachizuka	et	al.,	2010;	Hacker	&	Ferrans,	
2007;	Hacker	et	al.,	2006;	Ratcliff	et	al.,	2014),	five	studies	(Basen‐
Engquist	et	al.,	2013;	Curran	et	al.,	2004;	Hacker	et	al.,	2017;	Shiyko	
et	al.,	2018;	Stephenson	et	al.,	2018)	after	primary	cancer	treatment,	
and	two	study	(Badr	et	al.,	2006;	Langer	et	al.,	2018)	during	and	after	
primary	cancer	treatment.	All	studies	were	conducted	in	the	United	
States,	except	for	two	studies	that	were	conducted	 in	Switzerland	
(Glaus,	1993)	and	Japan	(Hachizuka	et	al.,	2010).

3.1.3 | Outcome measures

Five	studies	 (Curran	et	al.,	2004;	Glaus,	1993;	Hacker	&	Ferrans,	
2007;	Hacker	 et	 al.,	 2006,	 2017)	 included	EMA	questions	 on	 fa‐
tigue	 as	 primary	 outcome,	 the	 remaining	 seven	 studies	 included	
EMA	 questions	 on	 sleep	 (Ratcliff	 et	 al.,	 2014),	 exercise	 duration	
(Basen‐Engquist	 et	 al.,	 2013),	 communication	 and	 relationship	
satisfaction	 (Langer	et	al.,	2018),	mindfulness	state	 (Shiyko	et	al.,	
2018),	 pain	 (Stephenson	 et	 al.,	 2018),	 mood	 (Badr	 et	 al.,	 2006)	
and	 cancer‐	 and	 treatment‐related	 symptoms	 (Hachizuka	 et	 al.,	
2010)	 as	 primary	 outcome	 respectively.	 Furthermore,	 five	 stud‐
ies	(Hachizuka	et	al.,	2010;	Hacker	&	Ferrans,	2007;	Hacker	et	al.,	
2017;	Shiyko	et	al.,	2018;	Stephenson	et	al.,	2018)	focused	specifi‐
cally	on	their	primary	outcome	and	no	other	EMA	questions	were	
included,	whereas	seven	studies	(Badr	et	al.,	2006;	Basen‐Engquist	
et	al.,	2013;	Curran	et	al.,	2004;	Glaus,	1993;	Hacker	et	al.,	2006;	
Langer	et	al.,	2018;	Ratcliff	et	al.,	2014)	 included	EMA	questions	
on	secondary	outcomes	among	which	perceived	self‐efficacy,	out‐
come	 expectations,	 pain,	 nausea,	 mood,	 physical	 activity,	 sleep,	
symptom	distress,	coping	with	fatigue,	quality	of	life,	life	satisfac‐
tion,	support	and	criticism.

3.2 | EMA data collection methods

3.2.1 | System characteristics

Ten	 studies	 (Badr	 et	 al.,	 2006;	 Basen‐Engquist	 et	 al.,	 2013;	
Hachizuka	et	al.,	2010;	Hacker	&	Ferrans,	2007;	Hacker	et	al.,	2006,	
2017;	Langer	et	al.,	2018;	Ratcliff	et	al.,	2014;	Shiyko	et	al.,	2018;	
Stephenson	 et	 al.,	 2018)	 incorporated	 electronic	 devices	 for	 their	
momentary	assessments	and	two	studies	(Curran	et	al.,	2004;	Glaus,	
1993)	used	paper	diaries.	The	most	commonly	used	electronic	de‐
vice	was	a	palm	computer	 (6	out	of	10	studies)	 (Badr	et	al.,	2006;	
Basen‐Engquist	 et	 al.,	 2013;	Hachizuka	et	 al.,	 2010;	Ratcliff	 et	 al.,	
2014;	Shiyko	et	al.,	2018;	Stephenson	et	al.,	2018),	which	was	pro‐
vided to the participants for the duration of the studies. Other 
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electronic	 devices	 included	 Actiwatches	 (three	 studies:	 Hacker	 &	
Ferrans,	2007;	Hacker	et	al.,	2006,	2017),	provided	by	the	study,	and	
participants'	personal	smartphones	(Langer	et	al.,	2018).	Additional	
information about the electronic devices was limited as application 
names and operation systems remained unspecified. Only one study 
reported	a	Microsoft	Windows	operating	system	(Basen‐Engquist	et	
al.,	2013),	and	another	study	used	an	EMA	application	that	could	be	
downloaded	from	Android	and	iOS	(Langer	et	al.,	2018).

3.2.2 | EMA schedule characteristics

Nine	 studies	 (Badr	 et	 al.,	 2006;	 Curran	 et	 al.,	 2004;	 Glaus,	 1993;	
Hachizuka	 et	 al.,	 2010;	 Hacker	 et	 al.,	 2017;	 Langer	 et	 al.,	 2018;	
Ratcliff	 et	 al.,	 2014;	 Shiyko	 et	 al.,	 2018;	 Stephenson	 et	 al.,	 2018)	
monitored	 participants	 during	 one	 period	 of	 data	 collection,	 and	
three	studies	(Basen‐Engquist	et	al.,	2013;	Hacker	&	Ferrans,	2007;	
Hacker	et	al.,	2006)	incorporated	two	or	three	monitoring	periods.	
The number of days that a monitoring period lasted were as follows: 
3	days	 (one	 study)	 (Hacker	&	Ferrans,	2007),	 5	days	 (two	 studies)	
(Curran	et	al.,	2004;	Hacker	et	al.,	2006),	7	days	(four	studies)	(Badr	
et	al.,	2006;	Glaus,	1993;	Hachizuka	et	al.,	2010;	Hacker	et	al.,	2017),	
12	 days	 (one	 study)	 (Basen‐Engquist	 et	 al.,	 2013),	 14	 days	 (three	
studies)	(Langer	et	al.,	2018;	Shiyko	et	al.,	2018;	Stephenson	et	al.,	
2018)	and	approximately	21	days	(one	study)	(Ratcliff	et	al.,	2014).	
Seven	(Basen‐Engquist	et	al.,	2013;	Curran	et	al.,	2004;	Glaus,	1993;	
Hacker	&	Ferrans,	2007;	Hacker	et	al.,	2017;	Langer	et	al.,	2018)	out	
of	twelve	studies	applied	a	signal‐contingent	data	sampling	method	
with a fixed scheme in which beep prompts were set for certain time 
intervals	that	participants	knew	in	advance.	One	(Basen‐Engquist	et	
al.,	 2013)	 of	 these	 seven	 studies	 added	 an	 event‐contingent	 sam‐
pling,	 requesting	 the	 participants	 to	 self‐initiate	 momentary	 as‐
sessments	after	physical	exercise.	Furthermore,	 four	studies	 (Badr	
et	al.,	2006;	Ratcliff	et	al.,	2014;	Shiyko	et	al.,	2018;	Stephenson	et	
al.,	2018)	applied	a	signal‐contingent	data	sampling	method	with	a	
random scheme in which beep prompts were set at random times 
throughout	 the	 day	 that	 was	 unknown	 to	 the	 participant.	 Finally,	
one	study	(Hachizuka	et	al.,	2010)	combined	all	three	data	sampling	
methods	in	their	study	design	(i.e.,	signal‐contingent	data	sampling	
with	a	fixed	and	random	scheme	and	an	event‐contingent	data	sam‐
pling	method).	 In	 all	 studies,	 participants	were	 prompted	 to	 com‐
plete	the	EMA	questionnaire	between	two	and	four	times	per	day,	
irrespective	of	the	length	of	the	monitoring	period.	Finally,	the	five	
studies	(Badr	et	al.,	2006;	Hachizuka	et	al.,	2010;	Ratcliff	et	al.,	2014;	
Shiyko	et	al.,	2018;	Stephenson	et	al.,	2018)	that	applied	a	random	
sampling	 scheme	 scheduled	 either	 2,	 3,	 4	 or	 6–8	 hr	 between	 the	
beep prompts.

3.3 | Response‐related results

Information about participation rates was reported in four studies 
(Basen‐Engquist	et	al.,	2013;	Langer	et	al.,	2018;	Shiyko	et	al.,	2018;	
Stephenson	 et	 al.,	 2018)	 ranging	 from	 28%	 to	 81%.	 None	 of	 the	
studies	reported	latency	periods.	Three	studies	(Basen‐Engquist	et	

al.,	2013;	Langer	et	al.,	2018;	Shiyko	et	al.,	2018)	reported	attrition	
rates	ranging	from	1%	to	25%.	Information	about	missing	data	was	
reported	 in	eight	 studies	and	varied	between	1%	 to	39%	 (Badr	et	
al.,	2006;	Basen‐Engquist	et	al.,	2013;	Curran	et	al.,	2004;	Hacker	&	
Ferrans,	2007;	Hacker	et	al.,	2006,	2017;	Langer	et	al.,	2018;	Shiyko	
et	 al.,	 2018).	 Incentives	 to	 optimise	 response‐related	 results	were	
provided	 in	 three	 American	 studies	 (Basen‐Engquist	 et	 al.,	 2013;	
Curran	et	al.,	2004;	Langer	et	al.,	2018)	and	consisted	of	a	monitory	
reward	or	gift	card	with	the	value	of	5–75	US	dollar.

3.4 | Main findings

3.4.1 | Fatigue

One	study	 (Hacker	et	al.,	2006)	used	EMA	techniques	to	compare	
the patterns of fatigue and physical activity in patients with can‐
cer and found that patients with cancer reported increased levels of 
fatigue and decreased physical activity following cancer treatment. 
Furthermore,	three	studies	(Curran	et	al.,	2004;	Glaus,	1993;	Hacker	
et	al.,	2017)	gathered	EMA	data	to	gain	a	better	understanding	of	
diurnal patterns of fatigue among patients with cancer compared 
to	one	or	more	control	groups	including	people	without	cancer.	All	
three studies reported higher levels of fatigue among patients with 
cancer	 compared	 to	 the	 control	 groups,	 while	 mood,	 pain,	 sleep,	
activity levels or diurnal patterns of fatigue did not differ between 
the	study	groups.	Furthermore,	Hacker	et	al.	reported	(Hacker	et	al.,	
2017)	an	inverse	relationship	between	fatigue	and	physical	activity	
level for both patients with cancer and healthy individuals.

3.4.2 | Other outcomes

One	study	(Badr	et	al.,	2006)	collected	EMA	data	to	examine	diur‐
nal pattern of mood and its associations with fatigue and pain and 
found that patients with cancer who reported greater fatigue and 
pain	levels,	reported	significant	more	negative	moods.	One	study	
(Basen‐Engquist	et	al.,	2013)	collected	EMA	data	to	 identify	cor‐
relates of physical activity among patients with cancer and found 
a	significant	association	of	higher	morning	perceived	self‐efficacy	
with	higher	physical	activity.	Another	study	(Ratcliff	et	al.,	2014)	
used	 EMA	 techniques	 to	 identify	 correlates	 of	 sleep	 among	 pa‐
tients with cancer and found that disturbed sleep prior to chemo‐
therapy was associated with more fatigue and more negative and 
anxious	 mood	 throughout	 the	 subsequent	 chemotherapy	 cycle.	
Conversely,	good	sleep	prior	to	chemotherapy	was	associated	with	
less	anxiety	in	the	first	days	following	chemotherapy	(Ratcliff	et	al.,	
2014).	Furthermore,	one	study	used	EMA	techniques	to	examine	
associations between pain and analgesics use in patients with can‐
cer	(Stephenson	et	al.,	2018)	and	showed	that	medication	use	was	
associated with a patients' average pain level and that the pain was 
either	better	or	worse	than	usual	at	the	time.	That	is,	patients	with	
a	relatively	low	level	of	pain	appeared	to	take	pain	medication	in	
response	to	an	increase	in	pain,	whereas	patients	with	a	relatively	
high	level	of	pain	did	not	take	more	pain	medication	in	response	to	
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an	increase	in	pain.	Another	study	(Shiyko	et	al.,	2018)	used	EMA	
techniques	to	examine	post‐surgery	mindfulness	among	patients	
with cancer and concluded that levels of mindfulness were very 
low.	One	study	(Langer	et	al.,	2018)	gathered	EMA	data	to	examine	
associations between communication and relationship satisfaction 
among patients with cancer and their spouses. This study found 
that expressing one's feelings were not associated with relation‐
ship	 satisfaction,	whereas,	 not	expressing	one's	 feelings	was	as‐
sociated with lower relationship satisfaction for both patients and 
spouses.	In	addition,	giving	and	receiving	support	were	associated	
with one's own higher relationship satisfaction for both patients 
and spouses.

3.4.3 | Feasibility

Finally,	 two	studies	aimed	to	evaluate	the	feasibility	of	EMA	tech‐
niques.	One	study	(Hacker	&	Ferrans,	2007)	collected	self‐reported	
fatigue	EMA	data	among	patients	with	cancer	in	terms	of	response	
rates	and	reported	that	most	participants	(80%–95%)	were	able	to	
provide	real‐time	fatigue	data	before	and	after	cancer	treatment.	A	
second	study	 (Hachizuka	et	al.,	2010)	collected	self‐reported	EMA	
data	 on	 cancer	 and	 treatment‐related	 symptoms	 in	 terms	 of	 re‐
sponse	 rates	 and	 also	 reported	 that	most	 participants	 (80%–90%)	
were	able	to	provide	real‐time	EMA	data.

4  | DISCUSSION

In	this	paper,	we	synthesised	methodological	information	and	the	re‐
sults	of	studies	that	applied	EMA	techniques	to	assess	disease‐	and	
treatment‐related	 problems	 among	 patients	with	 cancer	 to	 inform	
future researchers about the opportunities and challenges. This re‐
view	showed	that	research	on	EMA	techniques	among	patients	with	
cancer	is	relatively	scarce.	In	total,	twelve	relatively	small	studies	met	
the eligibility criteria. The included studies employed observational 
study	designs,	varied	considerably	in	EMA	data	collection	methods	
and	the	reporting	of	response‐related	results	was	poor.	Nevertheless,	
the	findings	of	this	review	showed	that	EMA	techniques	are	feasible	
as no systematic patterns of problems or complaints were reported 
across	 studies	 and	 the	 reported	 response‐related	 results	were	 ac‐
ceptable.	Furthermore,	the	findings	of	this	review	showed	that	EMA	
techniques	are	useful	as	they	facilitate	the	examination	of	real‐time	
emotions	 and	 behaviour	 on	 disease	 and	 treatment‐related	 prob‐
lems,	 including	fatigue	 (Curran	et	al.,	2004;	Glaus,	1993;	Hacker	&	
Ferrans,	2007;	Hacker	et	al.,	2017),	sleep	(Ratcliff	et	al.,	2014),	pain	
(Stephenson	et	al.,	2018)	and	exercise	(Basen‐Engquist	et	al.,	2013).

To	 the	 best	 of	 our	 knowledge,	 this	 is	 the	 first	 scoping	 review	
providing	a	comprehensive	overview	of	studies	applying	EMA	tech‐
niques	among	patients	with	cancer.	Some	limitations	merit	attention.	
First,	due	 to	a	wide	variety	 in	 terminology	 to	describe	EMA	tech‐
niques,	we	cannot	 rule	out	 that	 some	 relevant	 studies	might	have	
been	missed.	Second,	the	search	strategy	was	limited	to	articles	in	
English,	 and,	 as	 a	 result,	we	might	 have	missed	 articles	 published	

in	other	languages	limiting	our	international	scope.	However,	since	
EMA	techniques	have	been	relatively	recently	introduced	and	were	
originally	developed	in	the	US,	we	believe	the	risk	of	language	bias	to	
be	low.	Third,	the	large	heterogeneity	in	EMA	data	collection	meth‐
ods	 hindered	 cross‐study	 comparisons	 (e.g.,	 comparisons	 on	 EMA	
schedule	characteristics).

An	important	challenge	for	future	EMA	studies	lies	in	improving	
the	reproducibility,	comparability	and	interpretation	of	study	results.	
The	 findings	 of	 this	 review	 highlighted	 poor	 reporting,	 especially	
on	 response‐related	 results.	 Information	 on	 participation,	 latency,	
attrition,	compliance	and	missing	data	 is	of	utmost	 importance	for	
the	interpretation	of	the	validity	and	generalisability	of	EMA	study	
results.	Therefore,	future	studies	need	to	adopt	best‐practice	guide‐
lines	for	designing	and	reporting	EMA	studies.	Several	checklists	for	
EMA	studies	are	available	from	previous	work	in	mental	health	re‐
search	for	example	Checklist	for	Reporting	EMA	Studies	(CREMAS)	
by	Liao,	 Skelton,	Dunton,	 and	Bruening	 (2016)	 and	 could	 serve	 as	
best‐practice	guidelines.	 In	 addition,	 attempts	are	made	 to	handle	
missing	data	in	EMA	study	designs	by	shared‐parameter	mixed	mod‐
els	to	deal	with	the	intermittent	nature	of	the	missing	EMA	prompts	
(Cursio,	Mermelstein,	&	Hedeker,	2018).

Furthermore,	 in	principle,	EMA	techniques	aim	to	observe	par‐
ticipants'	real‐time	experiences	and	behaviour	in	their	natural	envi‐
ronment	and	social	contexts	(Shiffman	et	al.,	2008).	Therefore,	EMA	
questions	need	to	be	sensitive	to	momentary	fluctuations	of	experi‐
ences	(Shiffman	et	al.,	2008).	What	experiences	need	to	be	included	
and	how	the	questions	need	to	be	phrased	are	challenges	warranting	
further	 research.	Perhaps,	Delphi	studies	among	EMA	researchers	
may	contribute	to	consensus‐building	and	generate	standardisation	
in	 the	 design	 of	 EMA	 questions.	Moreover,	we	would	 like	 to	 em‐
phasise	that	other	psychometric	properties	of	 the	EMA	questions,	
particularly	 construct	 and	 criterion	 validity,	 need	 to	 be	 examined	
thoroughly	(Dubad,	Winsper,	Meyer,	Livanou,	&	Marwaha,	2017).

The	findings	of	this	review	showed	a	shift	in	EMA	data	collection	
devices	emerging	over	time:	from	paper	diaries	(Curran	et	al.,	2004;	
Glaus,	1993)	in	earlier	studies,	via	palm	computers	(Basen‐Engquist	
et	al.,	2013;	Ratcliff	et	al.,	2014;	Shiyko	et	al.,	2018;	Stephenson	et	
al.,	2018)	to	smartphones	(Langer	et	al.,	2018)	in	more	recent	stud‐
ies.	 To	date,	 palm	 computers	were	 the	most	 frequently	 used	data	
collection	device	among	patients	with	cancer,	but	at	present,	a	vari‐
ety	of	(online)	EMA	smartphone	applications	are	available	too	(May,	
Junghaenel,	Ono,	 Stone,	&	 Schneider,	 2018;	Moore,	 Swendsen,	&	
Depp,	 2017).	 Therefore,	 a	 practical	 opportunity	 for	 oncology	 re‐
search lies in examining the feasibility and added value of smart‐
phone	applications	in	EMA	study	designs.

Lastly,	although	findings	from	this	review	indicate	that	EMA	can	
be	 a	 promising	method	 in	 oncology	 research,	 it	 has	 not	 yet	 been	
used	in	its	full	potential.	More	specifically,	the	current	studies	have	
explored the opportunities of repeated data sampling during the 
day	 among	 patients	with	 cancer,	 and	 they	 have	 assessed	 associa‐
tions between various symptoms throughout the day and over time. 
However,	the	additional	potential	of	EMA	lies	in	the	improved	under‐
standing	of	symptoms	by	 linking	people's	current	thoughts,	affect,	
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behaviour	and	physical	states	with	concurrent	contexts	(e.g.,	where	
they	are,	what	they	are	doing,	with	whom),	in	their	natural	(ecologi‐
cal)	environment	and	should	receive	further	attention.	Another	op‐
portunity	for	future	EMA	studies	is	to	evaluate	the	added	value	of	
EMA	techniques	 in	 intervention	 research	employing	a	 randomised	
clinical	trial	design.	For	instance,	EMA	techniques	could	be	used	to	
evaluate the effectiveness of an exercise intervention to improve 
physical	activity	and	mood.	In	addition,	EMA	itself	could	serve	as	a	
clinical	intervention	(Versluis	et	al.,	2016)	involving	feedback	based	
on	real‐time	EMA	monitoring	in	everyday	life	(i.e.,	EMI).	For	exam‐
ple,	future	studies	could	explore	whether	EMA‐derived	feedback	on	
personalised patterns of emotions and behaviours may contribute 
to	 improved	 coping	with	 disease‐	 and	 treatment‐related	 problems	
such as fatigue.

In	 conclusion,	 EMA	 techniques	were	 found	 to	 be	 feasible	 and	
useful	in	oncology	research	and	hold	unique	promise	to	gain	a	bet‐
ter	understanding	of	patients'	quality	of	life	and	disease‐	and	treat‐
ment‐related	problems	by	linking	people's	current	thoughts,	affect,	
behaviour	and	physical	states	with	concurrent	contexts	(e.g.,	where	
they	are,	what	they	are	doing,	with	whom),	in	their	natural	(ecolog‐
ical)	environment.	Future	studies	would	benefit	from	guidelines	for	
designing	 and	 reporting	 EMA	 studies	 to	 improve	 reproducibility,	
comparability	and	interpretation	of	results.	In	addition,	future	stud‐
ies	could	explore	the	feasibility	and	added	value	of	EMA	smartphone	
applications,	as	well	as	 the	potential	of	EMA	techniques	 in	clinical	
oncology trials.
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