
Doctorate in Educational and Child Psychology David Damon

1

Case Study 1: An Evidence-Based Practice Review Report

Theme: School Based Interventions for Learning

How effective are biofeedback technology augmented interventions at reducing

anxiety in students, in school contexts?

Summary

There is extensive literature reviewing a variety of interventions that develop anxiety

management skills, for example Cognitive Behavioural Therapy (CBT), Progressive

Muscle Relaxation (PMR) and Mindfulness. There is also research regarding

applications of biofeedback technology (BFB) as part of clinical treatments for a

variety of child and adolescent disorders, for example migraines, locus of control,

hyperactivity and anxiety. What is not currently available is a systematic study of how

BFB, understood as a resource to augment existing interventions through

instantaneous physiological feedback, may help or hinder interventions for anxiety,

as they appear in school contexts.

Eight studies were evaluated; looking at the benefits of BFB facilitated intervention

above and beyond alternate intervention options. This study finds that BFB, when

compared to alternate treatment programs, offers a small positive effect towards

reducing anxiety in school contexts. This result seems more stable for state-anxiety

measures than trait-anxiety. Given the availability of alternatives that perhaps do not

require the additional resource cost, it is suggested that Educational Psychologists

(EPs) approach the use of BFB with caution. Further studies that make more varied

and innovative use of BFB and/or incorporate the most up to date BFB devices are

suggested as next steps.
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Introduction

Anxiety is a feeling of panic, discomfort or fear (Young Minds, 2017). It can be an

adaptive response to perceived threat and in some contexts can improve

performance and motivation (Jamieson, Peters, Greenwood, & Altose, 2016).

Anxiety is maladaptive when its effects are disproportionate to the actual threats we

face and when it inhibits our ability to function and thrive in day-to-day life. Clinical

diagnosis of anxiety disorders reflects this, where prolonged loss of functioning (in

social and professional contexts), emotional distress, fatigue, irritability and/or

confusion are criteria (American Psychiatric Association, 2013).

Anxiety in children and adolescents was once an understudied area (Clark, Smith,

Neighbors, Skerlec, & Randall, 1994) perhaps because anxiety at these ages can be

mistaken as transitory and therefore as something to be ‘grown out’ of. There is now

wider recognition of the high prevalence of anxiety disorders in both groups, for

example in one clinical psychology review they are described as a ‘very common –

perhaps the most common psychological disorder of children’ (Cartwright-Hatton,

McNicol, & Doubleday, 2006). Anxiety disorders can start as early as infancy, with

separation anxiety in children being correlated with disorganised attachment in

infancy (Warren, Huston, Egeland, & Sroufe, 1997) and develops dynamically

alongside the changing physiological and environmental conditions children and

adolescents face. Anxiety at any pre-adult stage is a risk factor for later, often more

severe, adult anxiety disorders (Clark et al., 1994). In summary anxiety happens

across the zero to 25-age range, it has a high prevalence in child and adolescent

populations and has significant implications both at the time and for later life.
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Schools and school professionals are well positioned to offer both protective and

early intervening measures for child and adolescent anxiety. They have a high level

of contact suited for the identification and intervention of emerging anxiety disorders

and have a statutory obligation to safeguard children with respects to social

emotional and mental health (SEMH) needs (DoE, 2014). Schools are also

ecologically valid contexts in which to practice learned strategies, they feature the

very challenges that might give rise to high levels of anxiety (e.g. test, social and

separation anxiety).

The role of biofeedback technology as part of an intervention

BFB refers to any device that provides instantaneous sensory feedback regarding

physiological measures. Feedback could be related to heart functioning (heart rate,

heart rate variability), respiration rate, skin temperature, perspiration (measured

through skin conductivity) or electrical activity in the brain (using an

electroencephalogram (EEG)). Whilst BFB is not a standalone intervention, it

presents an opportunity to improve on existing practice. Existing interventions for

anxiety are frequently based on CBT principles or variants thereof, for example

Cognitive Bias Modification of Interpretations (Lau, 2013) and reappraisal strategies

(Jamieson et al., 2016). For children and adolescents CBT most occurs in non-

school settings, for example through Child and Adolescent Mental Health Services,

in these settings it has been found to be effective (Chambless & Ollendick, 2001)

although not accessible for all (Knox et al., 2011). This lack of accessibility refers to

both resources (cost, time, wait-lists) and curricula (e.g. the meta-cognitive demands

of CBT learning). Other interventions target physiological symptoms of anxiety by

promoting relaxation (e.g. PMR and positive imagery) (Lohaus & Klein-Hessling,
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2003). These approaches have been found effective in child and adolescent

populations, although with less positive results on follow up assessment. This may

be the result of a lack of maintenance and practice of learned strategies (Lohaus &

Klein-Hessling, 2003). In the examples above BFB could be used as a concrete

scaffold with which cognitive barriers to accessing CBT may be partially overcome.

For PMR, where follow up results appear to tail off, BFB may be used as a tool to

support ongoing practice and monitoring of skills.

There is evidence of BFBs effectiveness as part of treatment for a variety of issues

and setting, for example: performance in sports (Paul & Garg, 2012) and dance

(Raymond, Sajid, Parkinson, & Gruzelier, 2005), stress in practicing nurses (Cutshall

et al., 2011) and for psychosomatic correlates to anxiety in clinical settings, for

example migraines (Stokes & Lappin, 2010). In these studies BFB is used in

conjunction with an existing treatment and what is often lacking is a control condition

that makes use of the treatment without the BFB component. Whilst interventions

that make use of BFB are widespread and not ineffective in their entirety it is not

clear what extent BFB is a significant component in any given intervention.

If BFB is a significant component of effective intervention it may be because of the

strengths BFB brings as a teaching tool. It allows for instant feedback, perhaps

allowing those learning a new strategy to monitor their progress and adjust their

approach more frequently in light of more readily available information. This

argument for the effectiveness of BFB as a learning tool is related to arguments for

the gamification of learning and the importance of play in school contexts

(Eichenbaum, Bavelier, & Green, 2014). Thinking for a moment as a behavioural
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psychologist, BFB may also reduce the distance between productive behaviour (e.g.

successful relaxation) and rewarding stimulus (a BFB visual display) therefore better

reinforcing desired behaviours related to the reduction of e.g. anxiety. BFB may also

evoke a greater placebo effect, with impressive looking technology feeling like a

higher investment in treatment therefore raising expectations of success.

Whilst there is emerging evidence of BFB as an effective component of intervention

delivery, its application and efficacy in school contexts, for the reduction of anxiety,

has not been systematically reviewed. To know whether BFB is effective in the

treatment of anxiety would be useful information for practicing Educational

Psychologists wanting to maximise the impact of interventions addressing child and

adolescent anxiety. This is particularly relevant given the high prevalence of anxiety

disorders in child and adolescent populations and the potential for expensive ‘flashy’

BFB solutions to exploit the understandably high level of concern school

professionals and parents may have.

This review then is looking at how effective biofeedback technology-augmented

interventions are at reducing child and adolescent anxiety in school contexts.

Critical Review

To tackle the present review question an electronic literature search was carried out

in January 2017. It included the following databases:

PsychINFO, PsychARTICLES, ERIC (Proquest), ERIC (EBSCO), Web of Science
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Title and/or abstract search terms were chosen to locate research that:

1) Tested an intervention that involved student interaction with BFB

2) Targeted children and adolescents

3) Aimed to reduce anxiety and has a measure of anxiety as a dependent

variable

The following search terms1 were used in a title/abstract literature search:

1 – Biotech intervention AND 2 - Population /
Context

AND 3 - Psychological
Construct

Biofeedback
OR

Child*
OR

Anx*
OR

Biotechnolog*
OR

Adolescen*
OR

Stress
OR

“Psychophysiological
Coherence”
OR

School*
OR
Teenager*

Relaxation

“Physiological
Feedback”

In addition to these search terms, filters were applied so as to only receive English

language and peer reviewed articles.

These search terms on the selected databases yielded 1002 results. Of these 937

were excluded from their title. A further 48 were excluded from their abstracts, with

reference to the exclusion criteria described in Table 1. After removing nine

duplications, 17 studies were then read in full and screened against the

inclusion/exclusion criteria. Five were excluded at this point with exclusion rationales

detailed in Appendix A. Four articles could not be accessed. Figure 1 shows a

diagram of the search process. All studies included for review are listed in Table 2.

1
The asterisk allows for the inclusion of terms with varied suffixs, for example ‘anx*’ would include terms,

anxiety, anxious, anxieties.
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Table 1:

Exclusion and Inclusion Criteria

Inclusion Criteria Exclusion Criteria Rationale
1. Type of
Publication

a) Articles from peer
reviewed journals

a) Articles published
in journals that are
not peer reviewed

a) Peer review will
ensure a minimum
standard of quality
and methodological
rigour

2. Language Written in English Not available in
English

For convenience as
translation services
are not available

3. Type of Study An experimental, group
design, with a
treatment group and
control group (active or
passive)

Studies that do not
have experimental
designs

Single case studies

Qualitative studies

To answer the
review question
there needs to be a
comparison between
groups.

Quantitative data will
best answer the
‘how effective’ focus
of this review

4. Intervention a) The intervention
must aim for the
reduction of
anxiety/stress or
promotion of relaxation

b) The intervention
must incorporate BFB
as part of the
programme

a) Interventions
which are not
targeting anxiety or
stress reduction

b) Interventions that
do not make use of
BFB as a part of the
programme (e.g.
they may just use
BFB as a measure
of variables)

a) Anxiety is the
psychological
construct of interest
for this review

b) The effectiveness
of BFB when used
as part of an
intervention is
central to the review
question

Inclusion Criteria Exclusion Criteria Rationale
5. Participants a) School age young

persons or
adolescents, attending
primary or secondary
school (or international
equivalents).

a) Infants or
University
students and
those above 25

b) Students are
selected from

The results of this
research aim to be
useful for EP
practice in primary
and secondary
settings.
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b) Participants are
selected from school
contexts.

clinical contexts e.g.
CAMHS or GP
referrals.

6. Date of
Publication

Published before
January 31st 2017

Published after
January 31st 2017

This was the final
date of literature
searching

7. Measures Has a measure of
anxiety, used to
compare either within
or between group
differences.

No measure of
anxiety, or no
between or within
groups comparison.

The review question
requires a
comparison of
anxiety measures
either over the
course of an
intervention or
between groups
post intervention, in
order to evaluate
effectiveness
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Table 2:

Studies Included in this Review

Batsis, T., & Oleson, T. (1986). The Application of Biofeedback Training to High Achieving
and Underachieving High School Students. Journal of Adolescent Research, 1(4),
409–416.

Bradley, R. T., McCraty, R., Atkinson, M., Tomasino, D., Daugherty, A., & Arguelles, L.
(2010). Emotion self-regulation, psychophysiological coherence, and test anxiety:
Results from an experiment using electrophysiological measures. Applied
Psychophysiology Biofeedback, 35(4), 261–283. http://doi.org/10.1007/s10484-010-
9134-x

Hiebert., Kirby, B., & Jeknavorian, A. (1989). Hiebert (1989) Primary Prevention. Canadian
Journal of Counselling, 23, 273–287.

Omizo, M. M. (1980). The effects of biofeedback-induced relaxation training in hyperactive
adolescent boys. The Journal of Psychology, 105(2d Half), 131–138.
http://doi.org/10.1080/00223980.1980.9915141

Roome, R., & Romney, M. (1985). Reducing anxiety in gifted children by inducing
relaxation. Roeper Review: A Journal on Gifted Education, 7(3), 177.
http://doi.org/10.1080/02783198509552888

Scholten, H., Malmberg, M., Lobel, A., Engels, R. C. M. E., & Granic, I. (2016). A
randomized controlled trial to test the effectiveness of an immersive 3D video game for
anxiety prevention among adolescents. PLoS ONE, 11(1), 1–25.
http://doi.org/10.1371/journal.pone.0147763

Wenck, L. S., Leu, P. W., & D’Amato, R. C. (1996). Evaluating the efficacy of a biofeedback
intervention to reduce children’s anxiety. Journal of Clinical Psychology, 52(4), 469–
473. http://doi.org/10.1002/(SICI)1097-4679(199607)52:4<469::AID-
JCLP13>3.0.CO;2-E

Zaichkowsky, L. B., Zaichkowsky, L. D., & Yeager, J. (1986). Biofeedback-assisted
relaxation training in the elementary classroom. Elementary School Guidance &
Counselling, 20(4), 261–267. Retrieved from
http://search.ebscohost.com.proxy.seattleu.edu/login.aspx?direct=true&db=psyh&AN=
1987-20411-001&site=ehost-live&scope=site
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The eight included studies were evaluated against three sets of criteria, in

accordance to a Weight of Evidence (WoE) framework (Gough, 2007) . WoE A

evaluates each study on its methodological merits, independent of the review topic.

WoE B evaluates each study on its methodological relevance to the present review

question. WoE C, evaluates each study according to how relevant its content and

focus is. These judgements are averaged to form WoE D. All judgements are

formulated as scores, with the criteria for scoring WoE A to C found in Appendix B.

Scores have been translated to the following descriptors:

WoE Score WoE Description
1 ≤ x < 1.7 Low 

1.7 ≤ x < 2.4 Medium 
2.4 ≤ x < 3 High 

WoE scores for the included studies are found in Table 3, looking at these a mixed

picture emerges. WoE D scores range from ‘low’ to ‘high’, with the most common

judgement being ‘medium’. Studies on average scored lowest on WoE A, their

statistical rigour, and highest on WoE C, the relevance of their focus to the present

review. This is perhaps unsurprising as much of the inclusion criteria is concerned

with the selection of studies with appropriate subject matter. Perhaps a closer

scrutiny of statistical methods as part of any subsequent review would work towards

equalising this difference in mean WoE scores. The two highest WoE scores go to

the most recent studies (Bradley et al., 2010; Scholten, Malmberg, Lobel, Engels, &

Granic, 2016), perhaps reflecting increasing standards of research and peer-

reviewed publication standards over time.
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Table 3:

Weight of Evidence Summary Table

Author WoE A WoE B WoE C WoE D
(Batsis, 1986) 1.25

(Low)
1.17
(Low)

2.2
(Medium)

1.54
(Low)

(Bradley et al.,
2010)

2
(Medium)

2
(Medium)

2.8
(High)

2.27
(Medium)

(Hiebert 1989) 2
(Medium)

1.83
(Medium)

2.8
(High)

2.21
(Medium)

(Omizo, 1980) 1.5
(Low)

1.67
(Low)

2
(Medium)

1.72
(Medium)

(Roome &
Romney, 1985)

1.5
(Low)

1.5
(Low)

1.8
(Medium)

1.6
(Low)

Author WoE A WoE B WoE C WoE D
(Scholten et al.,
2016)

2.25
(Medium)

2.67
(High)

2.4
(Medium)

2.44
(High)

(Wenck, Leu, &
D’Amato, 1996)

1.5
(Low)

1.5
(Low)

2.4
(Medium)

1.8
(Medium)

(Zaichkowsky,
Zaichkowsky, &
Yeager, 1986)

2
(Medium)

2.17
(Medium)

2.6
(High)

2.27
(Medium)

Mean Values 1.75 1.81 2.375 1.98

Participants

718 participants were included in this review. Whilst they were all drawn from school

contexts (as stipulated in the inclusion criteria) these contexts were varied. A

majority of studies (75%) were from America (Batsis, 1986; Bradley et al., 2010;

Omizo, 1980; Roome & Romney, 1985; Wenck et al., 1996; Zaichkowsky et al.,

1986), with the remaining two from Canada (Hiebert., Kirby, B., & Jeknavorian, 1989)

and the Netherlands (Scholten et al., 2016). The over representation of American

students is a threat to the generalisability of findings to UK settings. This threat is

perhaps minimised given similarities between US, Dutch, Canadian and UK school

systems. All four are Western economies, members of the Organisation for

Economic Co-operation and Development (OECD) and teach broadly similar

curricula.
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Sample populations were selected for a variety reasons, half of studies explicitly

selected participants based on measures of anxiety (Bradley et al., 2010; Hiebert.,

Kirby, B., & Jeknavorian, 1989; Scholten et al., 2016; Wenck et al., 1996), the

remaining studies selected participants based on academic qualities (Batsis, 1986;

Roome & Romney, 1985), hyperactivity (Omizo, 1980) or convenience and consent

(Zaichkowsky et al., 1986). WoE B was scored highest for those studies who

selected participants because of their higher anxiety. The majority of studies did not

explicitly state exclusion criteria for their participants; it is assumed that if the student

was able to be included in the school setting they were also eligible for inclusion in

the study.

Whilst the largest effect size was found in a study which specifically targeted

students with high anxiety (Bradley et al., 2010), another study targeting students

with high anxiety (Scholten et al., 2016) had the smallest effect size; it is not simply

the case that BFB was more effective when used with high anxiety groups.

Student ages ranged from six to seventeen, whilst this broad age range may help

with generalisability of findings, it limits the strength of finding for any particular age

group.

Comparison Conditions

A minimum requirement for the inclusion into this review was that studies made use

of a comparison group. A half of studies met only the minimum requirement of a ‘no

intervention’ comparison group (Batsis, 1986; Bradley et al., 2010; Wenck et al.,

1996; Zaichkowsky et al., 1986). The other studies used alternate treatments or

attention comparison groups. Alternate treatments included PMR training (Hiebert.,
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Kirby, B., & Jeknavorian, 1989; Roome & Romney, 1985), a commercially successful

computer game (Scholten et al., 2016) and in one study the control group were

connected to non-functioning BFB devices (Omizo, 1980). Studies that made use of

an active comparison group were better suited to answering the review question and

their scores for WoE B, other factors being equal, were higher.

Measures

A majority (five of eight) of studies made use of either the State-Trait Anxiety

Inventory or the Test Anxiety Inventory (TAI). These measures are well established,

have been shown as reliable, valid and moderately sensitive to treatment effects

(Seligman, Ollendick, Langley, & Bechtoldt Baldacci, 2004). The TAI features three

sub scales (TAI-global, TAI-Worry, TAI-Emotionality) which claim to measure

different dimensions of anxiety in participants, the presence of these different sub-

scales allowed for a more fine-grained assessment of the effect of BFB involvement

in anxiety interventions and as such improved the WoE B score of studies that made

use of such measures. Some studies included reliability tests for the measures used

on their sample populations, for example (Bradley et al., 2010). Whilst all studies

used at least one established measure of anxiety it was studies which checked this

reliability with their sample population that scored highest on WoE B.

A surprising limitation of many of the studies presented in this review was a lack of

measurement triangulation. Only two studies (Bradley et al., 2010; Hiebert., Kirby,

B., & Jeknavorian, 1989) made use of multiple sources of measurement, the others

used only a single self-report questionnaire of one kind or another. This is surprising

because in these studies a readily available source of measurement, physiological

readings from BFB devices, were integral to the intervention but not included as part
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of their measurement. Physiological measures correlate with self-reports of trait and

state anxiety (Appelhans & Luecken, 2006) and could therefore have been used to

good effect as an additional measure of intervention efficacy. Measures of

observable behaviour and/or reports from someone other than the participant

(teacher, parent) could also have been used. The lack of multiple sources of

measurement was a strong limiting factor in both WoE A and B scores for a majority

of studies.

Interventions

Fidelity of intervention is interesting to consider with respect to the present review

question. Whilst there are examples of guidance on how to make use of BFB devices

in clinical contexts, for example a BFB training protocol in (Knox et al., 2011), there

does not appear to be an established programme for BFB use in school based

interventions for the management of anxiety. This lack of an established programme

is a limitation of the current review and presents an opportunity for future research.

One study (Scholten et al., 2016) made use of a virtual reality game, in which the

difficulty of tasks was responsive to participants’ physiological state (difficulty

decreasing with physiologically implied relaxedness). This study is highlighted as an

innovative and considered approach to BFB involvement in an anxiety targeting

intervention; participants are motivated to apply anxiety-management skills in

dynamic situations as part of the game parameters. This said, of all the reviews

(Scholten et al., 2016) had the smallest effect size, with participants in the alternate

treatment comparison group (playing a non-anxiety targeting computer game)

recording close to identical reductions in anxiety compared to the experimental

group.
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All other studies simply took students, connected them to various BFB devices and

guided them through relaxation techniques, for example PMR or breathing exercises.

It may be that a more sophisticated role for BFB might better demonstrate the

positive effects, if any, the involvement of BFB has. A parallel to be drawn might be

between the efficacy of BFB in interventions for anxiety and the use of Teaching

Assistants (TAs). The value of TAs as teaching resources is not guaranteed; it is

very much linked to how TA use is planned for and monitored (Webster, Blatchford,

& Russell, 2012). The mere placing of a TA with a student does not guarantee

improved results (in fact, there is a risk of negative outcomes). Similarly, the mere

connection between participant and BFB device may not be sufficient to produce

greater results than those achieved with an alternate intervention with respects to

participant anxiety.

Of relevance to the WoE scoring is the lack of clarity and detail with which some

studies described their intervention condition. As some studies do not explicitly state

how long each session was and others included out of session practice time, but do

not attempt to specify the take up of this opportunity, it is difficult to analyse dosage

effects. This lack of descriptive detail around experimental conditions limited the

scores for WoE C across all studies.

Outcomes and Effect Sizes

The following calculation was used to calculate effect sizes:
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Where is the mean difference in a given anxiety measure for the

treatment group from pre to post intervention measurement. µc stands for the mean

for a control group. is the pooled pre-test standard deviation, calculated by:

This calculation was taken from (Morris, 2008) and calculated using Excel. It was

chosen because it is a calculation of effect size that makes use of both pre and post-

test information. As this calculation makes use of the pre-test information it more

effectively controls for any between group differences not controlled for through

sampling methods. Where pre-test information was not available, for example in

(Bradley et al., 2010), effect size was calculated using Cohen’s d. Once calculated,

all effect sizes were interpreted with reference to Cohen’s (1992) effect size

descriptors. In studies where there was both an active and a ‘no intervention’ control,

the active control was used for calculation.

Of the six studies where effect sizes could be calculated, five found a small or close

to zero effect size relating to BFB-augmented interventions for anxiety in school

contexts. The one study for which a medium effect size was found (Bradley et al.,

2010) featured only a ‘no-intervention’ control group for comparison. As such, it is

unclear to what extent the larger effect size is a true reflection of the efficacy of BFB

as a component of the intervention or is the result of other elements of the

intervention and/or the attention participants received as part of their membership of

an experimental condition.
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The two studies that made use of state and trait anxiety sub-scores (Hiebert, Kirby,

B, & Jeknavorian, 1989; Roome & Romney, 1985) show a difference in how BFB

interacted with participant progress relative to alternate treatment conditions. In both

studies, a small positive effect size was found for BFB on state anxiety scores but a

small adverse effect size was found for trait anxiety scores. This supports a

qualitative distinction between state and trait anxiety, with the former being a

predisposition of an individual to anxiety and the latter being about elevated anxiety

in specific situations (Endler & Kocovski, 2001). It may be the case that BFB better

supports individuals with anxiety coping strategies in specific situations but raises

vigilance to anxiety in general and therefore registers a negative interaction relative

to non-BFB treatments on trait anxiety measures.

The highest scoring study with respects to WoE (Scholten et al., 2016) is also the

study with the smallest effect sizes. Participants in the experimental condition were

no better off than those in the alternate-treatment control, where BFB was not

incorporated. This does not mean BFB involving interventions are ineffective but,

with respects to this study, it does suggest that BFB is not more effective than

alternative intervention options. All effect sizes alongside WoE scores are found in

Table 4. A negative effect size is reporting a greater reduction in anxiety in the BFB-

augmented condition.
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Table 4:

Effect Sizes and Weight of Evidence Judgements for Included Studies

Author Sample
Size

(Nt, Nc
2)

Anxiety Measure Pre-intervention means
(S.D)

Post-intervention
means
(S.D)

Mean
Difference /
Pooled S.D)

Effect
Size3

Overall
WoE

Biofeedback Control Biofeedback Control

(Batsis, 1986) N = 80
(40, 40)

Children’s Manifest
Anxiety Scale
(CMAS)

8.58
(5.53)

9.33
(5.25)

6.98
(4.845)

9.75
(5.325)

-2.02/5.392 Small

-0.375

Low

1.54

(Bradley et
al., 2010)

N = 96
(54, 42)

Test Anxiety
Inventory (TAI)
(Global)

2.56
(1.18)

2.32
(1.12)

1.965
(0.58)

2.315
(0.595)

-0.59/1.154 Medium

-0.5111

Medium

2.27

(TAI)
(Worry)

2.60
(1.20)

2.30
(1.12)

2.07
(0.605)

2.285
(0.615)

-0.515/1.165 Small

-0.442

(TAI)
(Emotionality)

2.52
(1.20)

2.33
(1.17)

1.835
(0.65)

2.345
(0.665)

-0.7/1.187 Medium

-0.590

Physiological
measure4

(HRV)

Not available Not
available

806.405
(107.845)

775.435
(109.215)

30.97/108.53 Small

0.285

2
Studies using an active comparison group (alternate treatment/ elements of intervention) have their sample sizes in bold.

3
Cohen’s (1992) Effect Size Descriptors: 0.2 –Small, 0.5-Medium, 0.8-Large

4
Heart Rate Variability is considered a psychophysiological marker for emotional self-regulation abilities (Appelhans & Luecken, 2006), with a larger variability between

heart beats indicative of greater emotional regulation and therefore relaxation.
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Author Sample
Size

(Nt, Nc)

Anxiety Measure Pre-intervention means
(S.D)

Post-intervention
means
(S.D)

Mean
Difference /
Pooled S.D)

Effect
Size

Overall
WoE

Biofeedback Control Biofeedback Control

(Hiebert
(1989)

N = 40
(14,11)

State-Trait Anxiety
Inventory (STAI)
(State)

46.12
(11.71)

43.82
(10.20)

36.43
(5.97)

38.09
(8.19)

-3.96/11.079 Small

-0.357

Medium

2.21

(STAI)
(Trait)

44.07
(8.26)

43.00
(13.76)

44.43
(10.60)

41.18
(15.80)

0.75/10.995 Small

0.198

Physiological
measure (EMG)

7.452
(2.882)

9.008
(4.434)

7.522
(5.076)

8.772
(4.354)

0.036/3.639 Small

0.084

(Omizo,
1980)

N = 56
(28, 28)

Dimensions of Self-
Concept (DOSC) –
Anxiety subscale

39.63
(6.74)

37.19
(7.13)

34.82
(7.81)

35.07
(7.70)

-2.69/6.938 Small

-0.388

Medium
1.72

(Roome &
Romney,
1985)

N = 30
(10,10)

State-Trait Anxiety
Inventory (STAI)
(State)

32.27
(3.45)

32.27
(3.45)

27.01 27.41 -0.4/3.450 Small

-0.116

Low

1.6

(STAI)
(Trait)

37.00
(4.42)

37.00
(4.42)

33.47 31.77 1.7/4.420 Small

0.385
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Author Sample
Size

(Nt, Nc)

Anxiety Measure Pre-intervention means
(S.D)

Post-intervention
means
(S.D)

Mean
Difference /
Pooled S.D)

Effect
Size

Overall
WoE

Biofeedback Control Biofeedback Control

(Scholten et
al., 2016)

N = 138
(70, 68)

Spence Children
Anxiety Scale
(SCAS)
Overall Score

0.83
(0.33)

0.86
(0.31)

0.74
(0.33)

0.78
(0.37)

0.07/0.320 Small

-0.031

High

2.44

(SCAS)
Personalised Score

1.29
(0.53)

1.38
(0.49)

1.13
(0.54)

1.22
(0.53)

0/0.511 Nil
0

Outcome reported in
study

(Wenck et al.,
1996)

N = 150
(72, 78)

State-Trait Anxiety
Inventory (STAI)

Not found in
article

Not found
in article

Not found in
article

Not found
in article

The BFB intervention group
had lower state and trait
anxiety than a no
intervention control (t = -
5.4, p<0.05), (t = -2.25, p <
0.05)

Medium

1.8

(Zaichkowsky
et al., 1986)

N = 128
(66, 62)

State-Trait Anxiety
Inventory (STAI)

Not found in
article

Not found
in article

Not found in
article

Not found
in article

No significant difference in
self-reported anxiety across
groups

Medium

2.27
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Conclusions and Recommendations

The rationale for this review was to assess the effectiveness of BFB-augmented

interventions for the reduction of anxiety in student populations and in doing so

provide better information for school decision makers concerning their use of limited

resources. This review finds that BFB offers little in terms of anxiety reduction in child

and adolescent populations in school contexts, above that which is available from

non-BFB treatments. Studies that featured alternate treatment comparison groups

unanimously found small effect sizes and in some studies BFB had an adverse effect

on trait-anxiety improvement, when compared to alternate treatment controls. Whilst

BFB involving interventions do have a positive effect on reducing child and

adolescent anxiety, the isolated contribution of BFB seems small. Given the

additional cost, BFB’s small effect size may not currently justify the additional

investment of resources in school contexts.

Recommendations for Educational Psychologists:

A main recommendation for Educational Psychologists is to be cautious about the

involvement of BFB as part of an intervention for the reduction of child and

adolescent anxiety in school settings. Although there are theoretical arguments for

the benefits of BFB, like the gamification of learning (Knox et al., 2011) and the

positive effects of additional opportunities to practise, (Lohaus & Klein-Hessling,

2003) there is not sufficient strength of research findings available, at present, to

justify the additional expense. Whilst there is variability in the cost of BFB devices,

there is insufficient research to provide accurate information with respects to any

cost to benefit trade-off that might result from incorporating cheaper BFB options into

anxiety intervention design.
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Whilst being mindful of the importance of evidence based EP practice; a further

recommendation might be to seize opportunities for explorative practices through

further research in this topic.

Limitations of the Current Review

A first limitation of this review is methodological weaknesses across included

studies. The lack of follow up assessment in all but one study means that analysis of

the long-term effects of BFB was not possible. Related to this is an issue of

measures. Only two studies used more than one measure of anxiety and none made

use of third party reports or behavioural indicators. Whilst the subjective experience

of anxiety is important, triangulation of anxiety measures would have provided more

robust data. It would have been interesting to know if there were larger or smaller

effect sizes on teacher-reported perceived anxiety, or behavioural measures of

performance (for example being able to manage in an anxiety-elevating situation for

longer).

Another limitation of this review is a lack of diversity and innovation with respect to

how BFB was incorporated into existing interventions. A broader set of experimental

procedures would provide additional information about under what conditions BFB is

more or less effective. An example of this might be to use BFB to embed and

maintain intervention-taught strategies beyond the intervention context. If

participants were able to check their physiological state on a BFB enabled watch or

phone, this might allow for practice of intervention strategies in a wider range of

contexts and beyond the limited time frame of the intervention.
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Finally, and related to a lack of diversity with respects to how BFB was incorporated

there was also a limited consideration of the intervention that BFB was used with.

There is opportunity for further research looking at other programmes of intervention

that may better be enhanced through the involvement of BFB. One example could be

combining BFB with CBT based programmes. CBT is an effective intervention for

child and adolescent anxiety, it is limited by some barriers to accessibility and BFB

might help overcome those barriers.
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Appendices A through E

Appendix A:

Excluded Studies at the Full Article Reading Stage, with Rationale

Excluded Studies
Study Name Rationale

Éismont, E. V., Lutsyuk, N. V., & Pavlenko, V. B.
(2011). Moderation of increased anxiety in
children and teenagers with the use of
neurotherapy: Estimation of the efficacy.
Neurophysiology, 43(1), 53–61.
http://doi.org/10.1007/s11062-011-9185-5

5. It is not made clear in this study
whether students are selected
from school settings. Given it
makes use of neurotherapy and
sophisticated brain imaging
devices; it seems likely this study
is conducted in a clinical setting.

Karnes, F. A., Oehler-Stinnett, J. J., & Jones, G. E.
(1985). Biofeedback and gifted children: An
initial investigation. Perceptual and Motor Skills,
61(1), 179–182.
http://doi.org/10.2466/pms.1985.61.1.179

3. This study had no control group.

Kassel, S. C. (2015). Stress Management and Peak
Performance Crash Course for Ninth Graders in
a Charter School Setting. Biofeedback, 43(2),
90–93. http://doi.org/10.5298/1081-5937-
43.2.03

3. This study had no control group

Labbe, E. E., Delaney, D., Olson, K., & Hickman, H.
(1993). Skin Temperature Biofeedback
Training: Cognitive and Developmental Factors
in a Non-Clinical Child Population. Perceptual
and Motor Skills, 76, 955–962.

4a. This study was primarily
concerned with demonstrating how
a nonclinical student population
could increase control of their skin
temperature following BFB
training.

Osterhaus, S. O. L., Passchier, J., Van Der Hebn-
hyikema, H., De Jong, K. T., Oriebeke, J. F., De
Grauw, A. J. C., & Dekker, P. H. (1993). Effects
of behavioral psychophysiological treatment on
schoolchildren with migraine in a nonclinical
setting: Predictors and process variables.
Journal of Pediatric Psychology, 18(6), 697–
715. http://doi.org/10.1093/jpepsy/18.6.697

4a. This study was primarily
concerned with reducing migraine
symptoms in a nonclinical student
population through BFB training
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Appendix B: Weight of Evidence

Appendix B1:

Rationale, Criteria and Ratings for Weight of Evidence A

An established coding protocol (Kratochwill, 2003) was used to assess the
methodological quality of each included study. This allowed a generic score, relating
to the quality of research methods used in each piece of work, across all studies. A
‘statistical analysis’ criteria was compiled from subcategories of this protocol and is
described further below.

Criteria 1: Measurement

Criteria Rating
Description for rating

Measurement 3 (High)
The study must use a measure that produces reliable scores (named
reliability test score > 0.85) for the outcomes under investigation
AND
Outcome data is collected from multiple sources and using multiple
methods.
AND
There is a case made for the validity of the measures in the study’s context

2 (Medium)
The study must use a measure that produces reliable scores (named
reliability test score > 0.7) for the outcomes under investigation
AND
Outcome data is collected from multiple sources
OR
Using multiple methods.

1 (Low)
The study must use a measure that produces reliable scores (named
reliability test score > 0.50) for the outcomes under investigation

Criteria 2: Comparison Group

Criteria Rating
Description for rating

Comparison
Group

3 (High)
The study uses an ‘active’ control group (e.g. intervention elements or
alternate intervention comparison groups).
AND
Group equivalency is shown, through descriptive statistics or random
assignment of participants.
AND
There is evidence of counterbalancing of change agents
AND
There is low (<20%) attrition overall or equivalent attrition between
experimental and control conditions.
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2 (Medium)
There will be a ‘no intervention’ comparison group, although not
necessarily active.
AND (2 of 3)
Group equivalency is shown, through descriptive statistics or random
assignment of participants.
OR
There will be evidence of counterbalancing of change agents
OR
Low (<20%) attrition overall or equivalent attrition between experimental
and control conditions.

1 (Low)
There is a comparison group.
AND (1 of 3)
Group equivalency is shown, through descriptive statistics or random
assignment of participants.
OR
There will be evidence of counterbalancing of change agents
OR
Low (<20%) attrition overall or equivalent attrition between experimental
and control conditions.

Criteria 3: Fidelity

Criteria Rating
Description for rating

Fidelity
3 (High)
The intervention strongly adheres to an established programme,
following a predetermined course of action, either manualised or
delivered through formal training. This information gives a session by
session account of what to do
AND
There is ongoing supervision/consultation for those implementing the
intervention

2 (Medium)
The intervention adheres to an established programme, following
overarching phases of an intervention plan, either manualised or
delivered through formal or informal training. This information gives a
broad overview of intervention principles and phases of the intervention
AND
There is ongoing supervision/consultation for those implementing the
intervention

1 (Low)
The intervention follows overarching phases of an intervention plan,
either manualised or delivered through informal training.
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Criteria 4: Statistical Analysis

Criteria Rating
Description for rating

Statistical
Analysis

3 (High)
Appropriate units of analysis are used
AND
Family Wise Error Rate is controlled for
AND
There is a sufficiently large N5

2 (Medium)
(2 of 3)
Appropriate units of analysis are used
OR
Family Wise Error Rate is controlled for
OR
There is a sufficiently large N

1 (Low)
(1 of 3)
Appropriate units of analysis are used
OR
Family Wise Error Rate is controlled for
OR
There is a sufficiently large N

WoE A: Ratings

Author Measurement Comparison
Group

Fidelity Statistical
Analysis

(Batsis (1986) 1 2 1 1

(Bradley et al.,
2010)

3 2 2 1

(Hiebert
(1989)

3 2 2 1

(Omizo, 1980) 1 3 1 1

(Roome &
Romney,
1985)

1 3 1 1

(Scholten et
al., 2016)

1 3 3 2

(Wenck et al.,
1996)

1 2 1 2

(Zaichkowsky
et al., 1986)

3 2 2 1

5
 Sufficiently large N was calculated from Cohen (1992), at 80% power assuming (α = 0.5, ES = medium). For a 

mean difference or 2 group ANOVA a sufficiently large N would be 64 participants in the experimental and
control groups.
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Appendix B2:
Rationale, Criteria and Ratings for Weight of Evidence B

Weight of evidence B evaluates how appropriate each study’s design and analysis
were for answering the review question. As this review question is asking about the
effectiveness of biotechnology in improving outcomes in school settings relating to
anxiety, consideration of the following areas seemed pertinent:

What comparison group was used: Studies that facilitated comparison with an
active control condition (e.g. alternate treatment) could better differentiate the role of
biofeedback from other factors (e.g. the attention of researchers) with respects to
reducing anxiety and are therefore scored higher.

How outcome measures were used in analysis: Studies that analysed data from
multiple sources and/or through multiple methods more effectively triangulate
measures of anxiety in their participants, leading to a more robust assessment of pre
to post change.

Whether or not follow up measures were conducted: Studies with follow up
assessment address issues of long-term impact/ longevity with respects to the
intervention and therefore give important additional information about the
effectiveness of biofeedback technology.

The participants that were included in the study: This review aims to have use for
practicing educational psychologists working in school contexts. In consideration of
this studies whose participant sampling methods best reflect school
inclusion/exclusion criteria that might be used to screen for a wave 2 or 3
intervention are scored higher.

The extent to which the study can be replicated: Again, in light of the potential for
practical application of study’s findings it is important that any successful
biofeedback-involving intervention is replicable in school contexts. Studies that
clearly and fully set out their treatment process as part of their methods sections
were scored higher in this category.

The sample size of the study: Studies with larger sample size have a better chance
of producing results that are statistically significant and representative of the
population from which the sample is drawn (assuming statistical rigour in other
respects).

Weight of Evidence B: Methodological Relevance

Rating Description
(3) High  Comparison Group: There is an ‘elements of intervention’ or

‘alternate intervention’ comparison group (e.g. an alternate anxiety
intervention that does not feature biotechnological input).

 Measures: Outcome measures are gathered from multiple sources,
using multiple methods and measurement occurs both pre and post
intervention

 Follow Up: A follow up assessment is carried out with all of the
initial participants
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 Participants: Participant descriptive statistics and
inclusion/exclusion criteria are clearly stated. Participants with
SEND in addition to high anxiety are either excluded or analysed
separately

 Replicability: Based on the information provided in the study or
otherwise available the experimental condition could be replicated
precisely

 Sample Size: There is an adequate6 sample size

(2) Medium  Comparison Group: There is a control group, making use of
pharmacology, placebo or attention effects, against which the
experimental group is compared

 Measures: Outcome measures are gathered from multiple sources
or using multiple methods, both pre and post intervention

 Follow Up: A follow up assessment is carried out with a majority
(~70%) of initial participants

 Participants: Participant descriptive statistics are clearly stated,
there is an attempt to match groups. Participants with SEND in
addition to high anxiety are randomly distributed between groups

 Replicability: Based on the information provided in the study or
otherwise available the experimental condition could be loosely
replicated (for example using the same duration, intervals,
technology and general procedures)

 Sample Size: Sample size is less than (25% off) recommended
through power analysis

(1) Low  Comparison Group: Comparison is made against a ‘no
intervention’ group

 Measures: There is a single measure of anxiety, either used pre
and post intervention or used for comparison between intervention
and control groups

 Follow Up: No follow up assessment is carried out
 Participants: Limited descriptive statistics are available for

participants and there is no explicit attempt to match groups on
demographic variables. (OR) Participants are selected for specific
SEND other than anxiety

 Replicability: There is little information provided in the study about
(procedure, duration, interval) regarding the intervention. As a result,
replication would be difficult.

 Sample Size: Sample size is far less than(50% off) recommended
through power analysis

6
 Calculated from Cohen (1992), at 80% power assuming (α = 0.5, ES = medium). For a mean difference or 2 

group ANOVA a sufficiently large N would be 64 participants in the experimental and control groups.
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WoE B: Ratings

Author Comparison
Group

Measures Follow
Up

Participants Replicability Sample
Size

(Batsis (1986) 1 1 1 1 2 1

(Bradley et al.,
2010)

1 3 1 2 3 2

(Hiebert
(1989)

3 3 1 1 2 1

(Omizo, 1980) 3 1 1 1 3 1

(Roome &
Romney,
1985)

3 1 1 1 2 1

(Scholten et
al., 2016)

3 1 3 3 3 3

(Wenck et al.,
1996)

1 1 1 1 2 3

(Zaichkowsky
et al., 1986)

1 3 1 2 3 3

Appendix B3:

Rationale, Criteria and Ratings for Weight of Evidence C

Weight of evidence C is evaluating how relevant each study’s focus content and
context was in answering the review question. As this review question is asking
about the effectiveness of biotechnology in improving outcomes in school settings
relating to anxiety, consideration of the following areas seemed pertinent:

The nature of the biofeedback intervention: To judge how effective biofeedback
technology-augmented interventions are there must be an intervention that involves
biofeedback technology. The more involved biofeedback technology is and the
greater the differentiation between experimental and control condition, the easier it is
to make this comparison.

Who the participants were: If the findings of this review are to be useful than
samples must be representative of students with whom an Educational Psychologist
or school specialist might be able to screen and group for in standard school
contexts.

How and what outcomes were measured: The rationale of this review is to provide
evidence for school professionals regarding intervention implementation in cases of
anxiety. Studies that were not directly and uniquely interested in anxiety were less
useful in this regard and therefore scored lower.

The feasibility of running the intervention in a school context: This relates to the
practical significance of findings for this review. Studies where the intervention could
feasibly be implemented in school contexts with consideration of costs, time and
training, were scored higher in this category.
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The school context in which the study was conducted: This relates to the
generalisability of the study. Studies that were conducted in school settings more
similar to UK mainstream provision were weighted higher as those settings are more
likely to yield results relevant to UK practicing Educational Psychologists.

Weight of Evidence C: Topic Relevance

Rating Description
(3) High  Biofeedback Intervention: The use of biofeedback is integral and

unique to the experimental condition
 Participants: Are drawn from a whole school population solely

based on relatively higher anxiety scores or pre-diagnosed anxiety
disorders

 Outcomes: Relate back to student anxiety and make use of multiple
sources (biofeedback, self-report, parent report) and methods of
measurement (e.g. anxiety measure, self-report, observation,
behavioural indicators)

 Feasibility: The intervention was implemented by school staff, in a
school setting using minimal additional resources (e.g. the
biofeedback device and a manual for a relaxation programme) in
addition to what could be reasonably found in schools

 School Context: The intervention was carried out in a school
setting similar to those found in UK mainstream education (e.g.
OECD mainstream school context)

(2) Medium  Biofeedback Intervention: The use of biofeedback is unique to the
experimental condition and forms a significant (e.g. more than 50%
of the time spent during a session) part of the intervention

 Participants: Are drawn from a whole school population, not
necessarily relating to high anxiety but neither to do with other
SEND

 Outcomes: Relate back to student anxiety and make use of multiple
sources or methods of measurement

 Feasibility: Specialist staff or the researcher implemented the
intervention, in a school setting. Minimal additional resources were
used in addition to what could be reasonably found in schools. With
training it could be implemented by school staff

 School Context: The intervention was carried out in a school
setting, with elements comparable to UK mainstream education (e.g.
teachers, support staff, class timetables, age grouped classes)

(1) Low  Biofeedback Intervention: The use of biofeedback is not an
integral difference between experimental and control conditions

 Participants: Are drawn from a whole school population based on
relatively high scores, or a diagnosed disorder, other than anxiety

 Outcomes: Student anxiety is a secondary measure or subsection
of a larger measure. Neither multiple sources or methods of
measurement are used

 Feasibility: The intervention was implemented by specialist staff
and the equipment/training required for the intervention is
prohibitively high resource for implementation in school contexts

 School Context: The intervention was carried out in a school
setting dissimilar to those found in UK mainstream education (e.g.
UK hospital schools)
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WoE C: Ratings

Author Biofeedback
Intervention

Participants Outcomes Feasibility School
Context

(Batsis (1986) 3 2 1 2 3

(Bradley et al.,
2010)

3 2 3 3 3

(Hiebert (1989) 3 3 3 2 3

(Omizo, 1980) 3 1 1 2 3

(Roome &
Romney,
1985)

3 1 1 2 2

(Scholten et
al., 2016)

3 3 1 2 3

(Wenck et al.,
1996)

3 3 1 2 3

(Zaichkowsky
et al., 1986)

2 2 3 3 3
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Appendix C: ‘Mapping the Field’ a Summary of Included Studies

Author Sample
Size

(Nt, Nc)

Study Design Participants Biofeedback
Technology

Intervention Outcome

(Batsis, 1986) N = 80
(40, 40)

Pre-test, post-test
control design with
random
assignment to
conditions.
Includes both
within and between
group analysis,
looking at BFB and
control, for
underachieving
and achieving
populations.
A ‘no intervention’
control group

Participants were 10th

and 11th grade
students (ages 15 –
17) from an all-boys
private school.
Selection criteria
targeted ‘achievers’ (in
the top 25% of class)
and under achievers
(top half of class from
entry information,
bottom 25% of class
from recent test data).

EMG
Thermal
(through skin
temperature)

Students given small group
training and then individual
sessions (over seven
weeks, unclear if once a
week).
Taught three relaxation
techniques (progressive
relaxation, abdominal
breathing, autogenic
training) and used their
preferred method whilst
connected to BFB.

The BFB group
showed a greater
reduction in
anxiety (mean
CMAS score
changed - 1.27,
compared to
control group +
0.12, p <0.05)

(Bradley et
al., 2010)

N = 136
(77, 59)

Pre-test, post-test
control design with
matched blocks
(whole schools)
and random
assignment to
conditions.
Groups were
matched for
demographic
information.
Between and
within groups

Students, from grade
10 (ages 15 – 16)
were selected from
two participating
schools based on a
two-step random
stratification sampling
procedure.
The schools were
approximately
matched on
demographics and are
in Northern California.

Heart Rate
Variability
(through pulse
measurement)

The Resilient Educator
Programme for teachers,
the TestEdge programme
for students and heart
rhythm coherence training
for both students and
teachers.
The Resilient Educator
programme trains teachers
in several of the exercises
used with the BFB devices
student would later be
using, including the

The experimental
group had a
greater increase in
overall heart rate
variability, as
measured through
the standard
deviation of inter-
beat intervals.
The experimental
group had a
significantly larger
heart rhythm
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analysis conducted
through ANOVA
and ANCOVA.
Used a no
intervention control
group

Experimental and
control group samples
were matched for
gender, ability, anxiety
level and classroom of
origin.

Freeze-Framer Interactive
Learning System, the
computer software student
would use as part of their
training.
Students had twice-weekly
sessions (taking the place
of English Lessons)
between January and May
(one semester). Students
were given the opportunity
to practice with this
software outside of class.

coherence ratio
(4.61 vs 2.79, ES
= 1.26, p<0.001)
The experimental
group had
significantly lower
test anxiety across
three measures.
(TAI-global: ES =
0.37, p<0.01; TAI-
Worry: ES = 0.26,
p< 0.05; TAI-
emotionality: ES =
0.48, p<0.001)

(Hiebert,
1989)

N = 40
(14,11,13)

A pre-test, post-
test control trial
with random
assignment.
One experimental
and two
comparison groups
(BRB, progressive
relaxation, waitlist).
Between and
within group
analysis was
conducted mainly
by ANOVA

Students in grade 10
(ages 15 – 17,
meanage = 15.6, 30
females, 10 males)
from a large suburban
secondary school in
Western Canada.
Students were
selected because they
were anxious about
public speaking, as
reported by their
teachers.
To be included they
had to score relatively
high (above the third
sten on the IPAT
anxiety scale).

Participants
matched with
their most
reactive
physiological
measure:
(Skin
Temperature,
EMG, Skin
conductivity)

During BFB training,
participants were sat in
front of BFB devices that
gave visual and audio
feedback on their state of
relaxation. Training
occurred once weekly, for
40 minutes at a time, up to
a maximum of 8 sessions.
Some participants stopped
training earlier as they
reached a priori criteria
(‘one half of relaxation
baseline maintained for 10
minutes on two successive
sessions’).
The training followed a
three-stage model of
awareness, control and
transfer. In the first
sessions participants were

There was a
significant
reduction in state
anxiety F (1.35) =
12.48, p<0.01
when treatment
groups were taken
together.
There was no
significant
difference in
anxiety reduction
across treatment
conditions.
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encouraged to experiment
with strategies to
manipulate their displays,
later they were encouraged
to be selective in their
strategies. The final
sessions were about giving
participants internal cues
re: their relaxation state, so
that they were not reliant
on the dieback display.
Participants were
encouraged to practice at
home for 20minutes per
week.

(Omizo,
1980)

N = 56
(28, 28)

Pre-test, post-test
control design with
random
assignment.
Groups were
matched for
behavioural
indicators.
An attention control
group was used
(similar set up, with
inactive BFB
devices)
Between and
within groups
analysis was done
with a MANOVA,
followed by
separate univariate
analyses.

Hyperactive boys
(teacher reports)
(meanage= 14.7) were
selected from 3 junior
and 2 high schools of
an ‘urban South-
western’ city in the US.
No other treatments
were being
administered at the
time, participants with
IQs below 90 were
excluded from the
study

EMG Three treatment sessions
held at three weekly
intervals. In treatment
sessions, participants
received instruction about
their BFB device, listened
to a tape that aided
relaxation and were
instructed to lower their
activity level to a state of
relaxation, as monitored by
BFB.

No significant
between groups
difference was
found in the
anxiety measure
(F= 0.2; df = 6, 49;
p>0.05 (and
unspecified)
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(Roome &
Romney,
1985)

N = 30
(10,10,10)

Pre-test, post-test
control design with
random
assignment to
conditions.
There was the
experimental
condition
(biofeedback) and
both ‘alternate
treatment’
(progressive
muscle relaxation)
and ‘no
intervention’
control groups.
Within x between
groups analysis
was done using
ANOCOVA, testing
pre to post
differences
between the three
conditions.

17 boys, 13 girls
drawn from grades 6
to 8 (ages 11 – 14),
from a gifted student
program in a mixed
rural-urban area in
Southern Alberta.
Students with
behaviour problems
were excluded from
the study and
participants had
‘superior’ to ‘very
superior’ intelligence
(IQ threshold assumed
through membership
to gifted programme).

EMG Participants had six
sessions over the course of
five weeks, two sessions
the first week then one
session per week after.
In the BFB group,
participants were
connected to an EMG
device and instructed to
experiment with a variety of
mental imagery.

There was no
significant
difference found
between groups in
trait anxiety.
There was a
significant
difference between
groups on state
anxiety F (2, 24) =
4.4.68, p<0.02,
with the BFB
group identified as
significantly
(p<0.05) lower
than the no
intervention control
group in that
measure.
No significant
difference was
found between the
biofeedback group
and the alternate
treatment group.

(Scholten et
al., 2016)

N = 138
(70, 68)

Pre-test, post-test,
control design with
random
assignment.
Control group was
an ‘elements of
intervention’
control.
Data was analysed

Students in grades 7 –
9, (35% boys) (ages
11 – 15, meanage=
13.27)) from
Secondary school in
the Dutch province of
Gelderland.
Of 1,347 screened,
349 were asked to

Heart Rate,
(though finger
pulse).
Feedback was
presented
visually through
a game.

Participants in the
experimental condition
played a commercially
available game Dojo.
Participants played in first
person perspective on a
PC/laptop. The game
features different rooms,
each with a challenge

Pre-test to post-
test effect size for
change in total
anxiety symptoms
was d = 0.29, and
for pre-test to
follow up d = 0.39.
For personalised
anxiety symptoms
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using chi-squared
tests and ANOVA.

participate, with the
criteria of having
anxiety 1 S.D above
the mean on the
SCAS (two subscales,
or full scale less OCD
subscale).
Adolescents already
receiving mental
health treatment were
excluded.

based on an emotion (fear,
anger, frustration, fear). In
each room, an in game
character instructs the
participant on emotional
regulation strategies and
then tests them on that
skill. Participant relaxation
modified the game
difficulty, making it easier.

it was d = 0.32 and
d = 0.43
respectively.
There was no
significant
difference found
between
experimental and
control conditions
(both reduced
anxiety)

(Wenck et al.,
1996)

N = 150
(72, 78)

Post-test only with
control design, with
random
assignment to
conditions.
A ‘no intervention’
control group.
Uses a test of
mean difference
between groups.

7th and 8th grade
students (ages 11 –
14) attending one of
the three middle
schools in a
‘Midwestern’ city in the
US. 300 students were
selected by teacher
reports of which 150
were selected through
the IPAT anxiety
scale, as they were
highly anxious (sten
score > 6).

Thermal
(through skin
temperature)
EMG

Subjects in the BFB group
were given 12 lots of twice-
weekly sessions, the first 6
learning to use thermal
BFB the next 6 learning to
use electromyography
BFB. Trained biofeedback
technicians administered
sessions.

The biofeedback
intervention group
had significantly
lower state (t = -
5.4, p<0.05) and
trait (t = -2.25,
p<0.05) anxiety
scores then the no
intervention
comparison.

(Zaichkowsky
et al., 1986)

N = 128
(66, 62)

Post-test only, with
control and
randomised cluster
assignment
(clusters were
intact school
classes)
A no intervention
control group was
used.

70 boys, 58 girls taken
from grades 1 – 4
(ages 6 – 10).
Participants were
drawn from school
districts matched on
socioeconomic status
and other
demographic
characteristics. They

Temperature
(through
fingertip
measurement)

The experimental group
completed a training
curriculum that was a
modified version of
relaxation programmes
developed in previous
relaxation studies.
They received 23 sessions,
3 per week, each 10 – 12
minutes long covering the

Correlated T-tests
were performed.
No significant
difference in self-
reported state
anxiety was found.
A significant
difference in the
level of heart rate
and respiratory
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Analysis through t-
tests of mean
difference and
through correlation
testing.

were kept as in tact
class groups where
the class teacher had
elected to take part.

following:
1) Theoretical input (30

minutes)
2) Progressive muscle

relaxation (10 sessions)
3) Mental imagery (7

sessions)
4) Breathing (5 sessions)
5) Choosing personal

relaxation technique (3
sessions)

6) Assessment of
progress (2 sessions)

BFB was used in 15 of the
sessions, with participants
in the experimental
condition able to use BFB
freely in their spare time to
practice techniques.

control was found,
with those trained
in BFB found to be
more in control.
No numerical
statistics reported.
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Appendix D: Rationale for Exclusions from Coding Protocol

Section Excluded Rationale
B7. Coding for qualitative research methods. In the present review, all studies use quantitative

methods.
C. Primary/ Secondary outcomes are statistically
significant.

Anxiety is the only variable of interest and this is
being evaluated through a combined WoE and
effect size analysis.

D. Educational/ Clinical significance. Clinical significance is not relevant studies were
included based on their non-clinical settings.
Educational significance is addressed as part of
the main body and conclusion/recommendations
section of this review.

G. Replication. This is addressed in part in this review’s WoE B
criteria (‘replicability’).

H. Site of implementation. All interventions took place in school settings.

A2. Participant characteristics specified for
treatment and control groups.

This information is collected and presented in the
‘mapping the field’ table.

A4. Receptivity/ acceptance by target participant
population.

This review is primarily concerned with the
effectiveness of the intervention, information about
receptivity is not a focus (and is unanimously
unavailable in the included studies).
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Appendix E: Example Protocol:

Coding Protocol: Group-Based Design

Domain: School- and community-based intervention programs for social and behavioural problems

Academic intervention programs

Family and parent intervention programs

School-wide and classroom-based programs

Comprehensive and coordinated school health services

Name of Coder(s): Date: 02/06/2017

M / D / Y

Full Study Reference in APA format: Wenck, L. S., Leu, P. W., & D’Amato, R. C. (1996). Evaluating the
efficacy of a biofeedback intervention to reduce children’s anxiety. Journal of Clinical Psychology,
52(4), 469–473. http://doi.org/10.1002/(SICI)1097-4679(199607)52:4<469::AID-JCLP13>3.0.CO;2-
E

Intervention Name (description from study): Subjects in the biofeedback group were given 12 lots of twice-weekly sessions,
the first 6 learning to use thermal biofeedback the next 6 learning to use electromyography biofeedback. Trained biofeedback
technicians administered sessions.

Study ID Number (Unique Identifier): CCC 0021-9762/96/040469-05

Type of Publication: (Check one)

Book/Monograph

Journal article

Book chapter

Other (specify):
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I. General Characteristics

A. General Design Characteristics
A1. Random assignment designs (if random assignment design, select one of the following)

A1.1 Completely randomized design

A1.2 Randomized block design (between-subjects variation)

A1.3 Randomized block design (within-subjects variation)

A1.4 Randomized cluster design

A2. Nonrandomized designs (if nonrandom assignment design, select one of the following)

A2.1 Nonrandomized design

A2.2 Nonrandomized block design (between-participants variation)

A2.3 Nonrandomized block design (within-participants variation)

A2.4 Nonrandomized hierarchical design

A2.5 Optional coding of Quasi-experimental designs (see Appendix C)

A3. Overall confidence of judgment on how participants were assigned (select one of the following)

A3.1 Very low (little basis)

A3.2 Low (guess)

A3.3 Moderate (weak inference)

A3.4 High (strong inference)

A3.5 Very high (explicitly stated)

A3.6 N/A

A3.7 Unknown/unable to code

B. Statistical Treatment/Data Analysis (answer B1 through B6)

B1. Appropriate unit of analysis yes no

B2. Familywise error rate controlled yes no N/A

B3. Sufficiently large N yes no

Statistical Test: T-test (mean difference)

_ level: 0.5

ES: Medium
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N required: 64, 64

B4. Total size of sample (start of the study): 150

B5. Intervention group sample size: 72

B6. Control group sample size: 75

For studies using qualitative research methods, code B7 and B8

A. Type of Program (select one)

C1. Universal prevention program

C2. Selective prevention program

C3. Targeted prevention program

C4. Intervention/Treatment

C5. Unknown

D. Stage of the Program (select one)

D1. Model/demonstration programs

D2. Early stage programs

D3. Established/institutionalized programs

D4. Unknown

E. Concurrent or Historical Intervention Exposure (select one)
E1. Current exposure

E2. Prior exposure

E3. Unknown

II. Key Features for Coding Studies and Rating Level of Evidence/ Support

(3=Strong Evidence 2=Promising Evidence 1=Weak Evidence 0=No Evidence)

A. Measurement (answer A1 through A4)
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A1. Use of outcome measures that produce reliable scores for the majority of primary outcomes. The table for Primary/Secondary Outcomes Statistically
Significant allows for listing separate outcomes and will facilitate decision making regarding measurement (select one of the following)

A1.1 Yes

A1.2 No

A1.3 Unknown/unable to code

(State-Trait Anxiety Measure for Children – 0.95 factor loadings to item response theory correlations in an adolescent sample)

A2. Multi-method (select one of the following)

A2.1 Yes

A2.2 No

A2.3 N/A

A2.4 Unknown/unable to code

A3. Multi-source (select one of the following)

A3.1 Yes

A3.2 No

A3.3 N/A

A3.4 Unknown/unable to code

A4. Validity of measures reported (select one of the following)

A5.1 Yes validated with specific target group

A5.2 In part, validated for general population only

A5.3 No

A5.4 Unknown/unable to code

Rating for Measurement (select 0, 1, 2, or 3): 3 2 1 0

(Good measure, but not multiple sources or multi-method)

B. Comparison Group

B1. Type of Comparison Group (select one of the following)

B1.1 Typical contact
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B1.2 Typical contact (other) specify:

B1.3 Attention placebo

B1.4 Intervention elements placebo

B1.5 Alternative intervention

B1.6 PharmacotherapyB1.1

B1.7 No intervention

B1.8 Wait list/delayed intervention

B1.9 Minimal contact

B1.10 Unable to identify comparison group

(No intervention group, and low and comparable attrition (<20%)

B2. Overall confidence rating in judgment of type of comparison group (select one of the following)

B2.1 Very low (little basis)

B2.2 Low (guess)

B2.3 Moderate (weak inference)

B2.4 High (strong inference)

B2.5 Very high (explicitly stated)

B2.6 Unknown/Unable to code

B3. Counterbalancing of Change Agents (answer B3.1 to B3.3)

B3.1 By change agent

B3.2 Statistical

B3.3. Other

None

B4. Group Equivalence Established (select one of the following)

B4.1 Random assignment

B4.2 Posthoc matched set

B4.3 Statistical matching

B4.4 Post hoc test for group equivalence

Rating for Comparison Group (select 0, 1, 2, or 3): 3 2 1 0
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B5. Equivalent Mortality (answer B5.1 through B5.3)

B5.1 Low Attrition (less than 20% for Post)

B5.2 Low Attrition (less than 30% for follow-up)

B5.3 Intent to intervene analysis carried out

B. Primary/Secondary Outcomes Are Statistically Significant
Rating for Primary Outcomes Statistically Significant (select 0, 1, 2, or 3): 3 2 1 0

Rating for Secondary Outcomes Statistically Significant (select 0, 1, 2, or 3): 3 2 1 0
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D. Educational/Clinical Significance

Rating for Educational/Clinical Significance

E. Identifiable Components (answer E1

Rating for Identifiable Components

F. Implementation Fidelity

None of the above

Rating for Implementation Fidelity

Very little explicitly stated, although intervention implemented by trained biofeedback technicians

G. Replication
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F. Implementation Fidelity

F1. Evidence of Acceptable Adherence (answer F1.1 through F1.3)

F2. Manualization (select all

F2.1

F2.2

F2.3

F2.4

None of the above

F3. Adaptation procedures are specified (select one)

Rating for Implementation Fidelity

Very little explicitly stated, although intervention implemented by trained biofeedback technicians
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D. Educational/Clinical Significance

Rating for Educational/Clinical Significance

E. Identifiable Components (answer E1

Rating for Identifiable Components

F. Implementation Fidelity

F1. Evidence of Acceptable Adherence (answer F1.1 through F1.3)

F1.1

F1.2

F1.3

F2. Manualization (select all

F2.1

F2.2

F2.3

F2.4

None of the above

F3. Adaptation procedures are specified (select one)

Rating for Implementation Fidelity

Very little explicitly stated, although intervention implemented by trained biofeedback technicians
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D. Educational/Clinical Significance

Rating for Educational/Clinical Significance

E. Identifiable Components (answer E1

Rating for Identifiable Components

F. Implementation Fidelity

F1. Evidence of Acceptable Adherence (answer F1.1 through F1.3)

F1.1

F1.2

F1.3

F2. Manualization (select all

Written material involving a detailed account of the exact procedures and the sequence in
which they are to be used

Formal training session that includes a detailed account of t
and the sequence in which they are to be used

Written material involving an overview of broad principles and a description of the
intervention phases

Formal or informal training session involving an overview of broad principles and a
description of the intervention phases
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Rating for Replication (select 0, 1, 2, or 3): 3 2 1 0

H. Site of Implementation

Rating for Site of Implementation (select 0, 1, 2, or 3): 3 2 1 0

I. Follow Up Assessment: (No follow up assessment carried out)

Timing of follow up assessment: N/A

Number of participants included in the follow up assessment: N/A

Consistency of assessment method used: specify: N/A

Rating for Follow Up Assessment (select 0, 1, 2, or 3): 3 2 1 0

III. Other Descriptive or Supplemental Criteria to Consider

A. External Validity Indicators

A1. Sampling procedures described in detail yes no

Specify rationale for selection: Yes

Specify rationale for sample size: No

A1.1Inclusion/exclusion criteria specified yes no

A1.2 Inclusion/exclusion criteria similar to school practice yes no

A1.3 Specified criteria related to concern yes no

A2. Participant Characteristics Specified for Treatment and Control Group

A3. Details are provided regarding variables that:

A3.1 Have differential relevance for intended outcomes yes no

Specify:
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A3.2 Have relevance to inclusion criteria yes no

Specify:

A4. Receptivity/acceptance by target participant population (treatment group)

A5. Generalization of Effects:

A5.1 Generalization over time

A5.1.1 Evidence is provided regarding the sustainability of outcomes after
intervention is terminated yes no

Specify: There is no follow up assessment

A5.1.2 Procedures for maintaining outcomes are specified yes no

Specify: No ongoing practice or maintenance of intervention activity is explicitly stated

A5.2 Generalization across settings

A5.2.1 Evidence is provided regarding the extent to which outcomes are manifested in contexts

that are different from the intervention context yes no

Specify: School setting only discussed

A5.2.2 Documentation of efforts to ensure application of intervention to other
settings yes no

Specify:

A5.2.3 Impact on implementers or context is sustained yes no

A5.3 Generalization across persons

Evidence is provided regarding the degree to which outcomes are manifested with participants
who are different than the original group of participants for with the intervention was evaluated

yes no

Specify:

B. Length of Intervention (select B1 or B2)
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B1. Unknown/insufficient information provided

B2. Information provided (if information is provided, specify one of the following:)

B2.1 weeks 12

B2.2 months

B2.3 years

B2.4 other

C. Intensity/dosage of Intervention (select C1 or C2)

C1. Unknown/insufficient information provided

C2. Information provided (if information is provided, specify both of the following:)

C2.1 length of intervention session Unknown

C2.2 frequency of intervention session Twice a week

D. Dosage Response (select D1 or D2)
D1. Unknown/insufficient information provided (single dose/ intervention duration/frequency/time span)

D2. Information provided (if information is provided, answer D2.1)

D2.1 Describe positive outcomes associated with higher dosage:

E. Program Implementer:

E1. Research Staff

E2. School Specialty Staff

E3. Teachers

E4. Educational Assistants

E5. Parents

E6. College Students

E7. Peers

E8. Other

E9. Unknown/insufficient information provided

F. Characteristics of the Intervener:

F1. Highly similar to target participants on key variables (e.g., race, gender, SES)

F2. Somewhat similar to target participants on key variables
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F3. Different from target participants on key variables

G. Intervention Style or Orientation:

G1. Behavioral

G2. Cognitive-behavioral

G3. Experiential

G4. Humanistic/interpersonal

G5. Psychodynamic/insight oriented

G6. other (specify):___________________

G7. Unknown/insufficient information provided

H. Cost Analysis Data (select G1 or G2)

H1. Unknown/insufficient information provided

H2. Information provided (if information is provided, answer H2.1)

H2.1 Estimated Cost of Implementation:_

I. Training and Support Resources: Does not apply, no training delivered, intervention implemented by
biofeedback technicians

J. Feasibility

J1. Level of difficulty in training intervention agents (select one of the following)

J1.1 High

J1.2 Moderate

J1.3 Low

J1.4 Unknown

J2. Cost to train intervention agents (specify if known): ______________________

J3. Rating of cost to train intervention agents (select one of the following)

J3.1 High

J3.2 Moderate

J3.3 Low

J3.4 Unknown



Doctorate in Educational and Child Psychology David Damon

55

Summary of Evidence for Group-Based Design Studies

Overall Description of Evidence

Evidence Rating

Strong

Indicator NNR = No Promising

numerical rating Weak

No/limited evidence

or

or

0 - 3

Descriptive ratings

General Characteristics

General Design Characteristics NNR

Statistical Treatment NNR

Type of Program NNR

Stage of Program NNR

Concurrent/Historical Intervention Exposure NNR

Key Features

Measurement 1

Weak

Comparison Group 2

Promising

Primary/Secondary Outcomes are

Statistically Significant

Educational/clinical significance
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Identifiable Components

Implementation Fidelity

1 Weak

Replication

Site of Implementation

Follow Up Assessment Conducted 0 No evidence


