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ABSTRACT

A review of published evaluations of psychoeducational interventions using interactive digi-
tal multimedia shows that evaluations typically address only some of the areas that collec-
tively would constitute a comprehensive evaluation. There appears to be a need for an
accepted standard for these evaluations, based on a general evaluation model that encom-
passes all relevant aspects of development, efficacy and use of multimedia interventions. A
comprehensive model is proposed which includes special features of multimedia interven-
tions that lead to unique evaluation requirements. The model integrates relevant aspects of
program evaluation and clinical trials models in order to provide a unique model that in-
cludes all the evaluation domains relevant to digital multimedia interventions. These in-
clude evaluation of intervention theory, intervention design strategies, the formative process,
intervention efficacy (process and outcome) and contextual issues such as evaluability assess-
ment, reporting and stakeholder issues. The application of individual components of the
model is illustrated with reference to problems in the evaluation literature on a particular
type of digital multimedia intervention, electroencephalographic biofeedback for Attention-
Deficit/Hyperactivity Disorder. The model should be useful for researchers planning evalua-
tions of digital multimedia interventions, especially in the psychoeducational domain. This
paper provides a theoretical and evidential background for the evaluation model, and in-
cludes a checklist and flowchart for the planning and conduct of the evaluation.
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INTRODUCTION

PSYCHOSOCIAL INTERVENTION” is a term ap-
plied to treatments that target psycho-

logical variables such as behaviors, cognitions,
and emotions, within a social context. “Psy-
choeducational intervention” is a term applied
to a subset of these interventions in which
some educative process is involved. Examples
include many types of individual applications
of behavior modification, cognitive behavior
therapy, and other psychotherapeutic models
in which treatment involves learning of new

skills or knowledge. Less-individualized or
intrusive examples include group- or commu-
nity-oriented health education programs.

In recent decades, computers have played
an increasingly prominent role in the delivery
of psychoeducational interventions ranging
from health advice websites1 to individualized
treatment of anxiety disorders using virtual re-
ality.2 Specific applications of digital technol-
ogy for psychological treatment have a long
history, especially in the cybernetic domain of
biofeedback therapy,3 but there has now begun
a proliferation of new applications of digital
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interactive multimedia (IM) in psychoeduca-
tional interventions. The enthusiasm for these
new developments will need to be balanced by
careful appraisal of their theoretical founda-
tions and efficacy as treatments, especially in
view of the likely involvement of commercial
interests and the potential for spurious claims.
Whereas in the case of traditional forms of
therapy, professionals could act as gatekeepers
to advise the lay public about a particular
treatment option, many digital-based inter-
ventions are freely on offer for direct purchase
by the public for use in an unsupervised envi-
ronment. Although claims of efficacy are com-
monly made in the advertising of such
products, evidence from adequate evaluation
research may be lacking. For example, few of
the educational IM game products available to
the public in retail stores and the Internet ap-
pear to have been subjected to adequate peer-
reviewed evaluation studies, either prior to
their release or subsequently.

Evaluation models for 
psycheducational interventions

How should digital IM interventions be
evaluated? It is argued here that they are suffi-
ciently different from more traditional types of
intervention that models which have previ-
ously served for the evaluation of interven-
tions do not fit well the requirements for
evaluation of digital IM. There are two classes
of evaluation model that typically have been
used with psychoeducational interventions:
program evaluation and clinical trials. Of the
two, program evaluation is the more inclusive.
It refers to the evaluation model generally
used for interventions that are broadly applied
to a large target population. Examples are gov-
ernment mental health initiatives such as early
intervention programs or school-based suicide
education programs. Evaluation measures fre-
quently encompass a broad range, including
perceptions of different groups of stakehold-
ers, uptake of newly created services by tar-
geted populations, and long-term societal
outcomes such as rates of suicides or adjudi-
cated delinquency. Sometimes case studies
may be included to assess intervention out-
comes and processes for individuals. Causal

processes usually are implied rather than ob-
served, and there may be little attempt to iden-
tify or measure moderating variables that may
influence the impact of the intervention on in-
dividuals. Especially with large community-
based programs, cost-benefit analysis is a
major focus.4,5

The clinical trials model is used to evaluate
either the efficacy or effectiveness of some
treatment agent in relation to some specific
disease endpoint. Clinical trials typically eval-
uate interventions (treatments) carried out
with groups of individuals having some par-
ticular medical or behavioral disorder. Usu-
ally, the intervention is delivered directly to
the individual or another person responsible
for that individual (e.g., parent), so uptake of
the intervention is usually not an issue. Stake-
holder perceptions of the effectiveness or ac-
ceptability of the intervention are not often
considered, and cost-benefit analysis is rarely
included. The focus is on efficacy of the treat-
ment for individuals and the discovery of
moderating variables. True experimental and
quasi-experiment designs typically are used to
rule out, as far as possible, the influence of
extraneous variables and allow clear causal
inferences to be made.6,7–10 Clinical-trials
methodology was developed primarily to
serve the need to evaluate medical/pharmaco-
logical interventions, but it has developed in
parallel with evaluation research methods in
psychology,11,12 and the principles and prac-
tices developed in these two streams have
much in common.

Evaluations of psychoeducational interven-
tions tend to follow the program evaluation
model if the intervention is something being
applied to a community rather than to individ-
uals in a clinical context, whereas the clinical
trials model is more typically used for evalua-
tions of interventions applied in the clinical
context. However, there are many exceptions
to this. For example, in the discipline of ap-
plied behavior analysis, interventions applied
to communities often follow a model closer to
clinical trials than to program evaluation.5,11–13

In general, which intervention model is fol-
lowed seems to depend more than anything
on the background of the researchers, the theo-
retical context of the study, and what the re-

566 BEALE



searchers consider the main evaluation issues
to be. One result of this ad hoc approach is that
many evaluations are too narrowly focused to
give a picture of the value of an intervention
that is broad enough to be generally useful.
This is especially true of digital IM interven-
tions, because they raise a wide range of evalu-
ation issues.

Psychoeducational interventions based on
digital interactive multimedia

Digital IM interventions are like traditional
clinical psychology interventions in that the
individual client interacts with an expert sys-
tem or therapist that responds to each client
uniquely. But digital interventions are also like
social programs in the sense that the client typ-
ically experiences the intervention remotely
from the professional who is prescribing it.
Just one consequence of this remote usage is
the potentially wide variability in the imple-
mentation of the intervention with different
clients.14

The use of digital media introduces a num-
ber of special evaluation issues. It is not a
straightforward matter to evaluate the “fit” be-
tween the theory on which an intervention is
based, and the design and actual program
code of the intervention software. Traditional
psychological interventions have been rela-
tively transparent in this respect. What the
therapist says or does in the intervention can
be measured and analyzed to determine how
well it fits the treatment prescription and un-
derlying theory. In the case of digital media,
on the other hand, a lot of what goes on is not
transparent to an observer. An evaluator might
read about the theory on which the interven-
tion supposedly is based, and even how this
theory is translated into the design of the com-
puter program. But is the programming actu-
ally faithful to the design, or is there a gap
between the specified and actual functions on
the program?

A unique advantage of digital media is the
ability to record information both about pro-
gram performance and the interactions with
users. This information potentially can resolve
the transparency problem outlined above. Pro-
vided that data are collected on all the relevant

variables, evaluators can review the record for
evidence both that the program behaves as in-
tended and also achieves therapeutic goals.
Moreover, if specific program elements are de-
signed to change specific client behaviors, rele-
vant records can provide direct evidence of the
effectiveness of these elements as therapeutic
components. Remarkably, published evalua-
tions of interventions using digital media have
not made use of this facility, relying instead on
indirect and less-reliable measures of thera-
peutic effect such as client perceptions and im-
pressions of family members as reported on
questionnaires. 15,16

Common limitations of evaluations of digital
interactive multimedia interventions

An informal review of published evaluations
of IM interventions shows wide variability in
the scope of evaluations, that is, in the number
of relevant aspects of the intervention that are
evaluated. In some cases, for example in pilot
studies, the scope is narrow because the evalu-
ation is intentionally confined to a particular
aspect of the intervention, such as the forma-
tive process. More often, however, evaluations
purporting to test the overall efficacy of an in-
tervention with a particular target group or be-
haviour contain limitations of scope that
seriously compromise the external validity of
the evaluation. These limitations include: fail-
ure to define adequately the participant inclu-
sion criteria; failure to describe and evaluate
the different functions of different intervention
components; failure to describe how interven-
tion components are derived from underpin-
ning theory; failure to record and report the
usage pattern for each participant; failure to re-
port systematic data on credibility and accept-
ability of the intervention; failure to collect or
report data on interactions between the partici-
pant and the intervention; failure to control for
misattribution of cause (type III error); failure
to address procedural integrity issues; failure
to analyze the quality of instructional design
components of the intervention; and failure to
analyze the cognitive science applications in
the user interface designs.

Not all these limitations are applicable to
every intervention evaluation, but there are
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many published evaluations that would be
considerably improved if some of these limita-
tions were addressed. There would seem to be
value in setting out a general evaluation
model for digital IM interventions that in-
cludes all the components that could be con-
sidered for inclusion in an evaluation study.
This would provide a framework for planning
an evaluation. Researchers would consider the
need for each component and select those that
were indicated by the particular nature of the
intervention and the focus of the study. The
value of the model would derive from it pro-
viding a comprehensive framework and sys-
tematic process, which would reduce the
likelihood that useful components of the eval-
uation would be overlooked in the planning
process.

The proposed evaluation model is specifi-
cally designed for applications of digital IM to
psychoeducational interventions. The model
combines appropriate components both of
program evaluation and clinical trials method-
ologies. Components are introduced that are
specific to digital technology, with the purpose
of addressing the putative limitations identi-
fied in previous evaluation research on inter-
ventions using this technology.

An illustrative digital interactive 
multimedia intervention:
electroencephalographic biofeedback

The value of the proposed model is illus-
trated by reference to the literature on a widely
used psychoeducational intervention, electro-
encephalographic (EEG) biofeedback for Atten-
tion-Deficit/Hyperactivity Disorder (ADHD).
This evaluation literature consists mainly of
studies of digital IM intervention procedures
which use biofeedback training ostensibly to
normalize certain frequency ranges of the EEG.
Training differentially reinforces the production
of 12–15 or 15–18 Hz beta rhythms over 4–8 Hz
theta rhythms. Participants, usually children di-
agnosed with ADHD or a related disorder, are
trained at a computer which records EEG data
from scalp electrodes then represents certain as-
pects of these data in a multimedia display.
Biofeedback training protocols are used to teach
participants to modify the multimedia display

by learning cognitive/behavioral strategies that
result in changes in relevant parts of the EEG
spectrum.17,18

The evaluation literature on this particular
intervention has many features that suit it to il-
lustrating the issues addressed in this paper.
Compared to other digital IM interventions, it
has been in use for a long period and has been
subjected to many evaluations and even a few
reviews of evaluations. Over that period, its
application has been progressively broadened
to new target populations and disorders. There
has been enduring controversy about both the
underlying theory and the efficacy of this inter-
vention. Its mode of delivery has moved pro-
gressively from contexts providing expert
supervision by the intervention developers,
through clinical contexts involving non-expert
professional supervision, to non-supervised
use in private homes (www.eegspectrum.com).
New versions are proliferating, including some
which purportedly make good use of recent
advances in multimedia games technology.19

Finally, despite continuing uncertainty about
its efficacy, EEG biofeedback has attracted
wide media publicity as an alternative to well-
established behavioral or pharmacological
interventions. 20

COMPONENTS OF THE EVALUATION
MODEL

The components of the proposed model are
summarized in Figure 1, where they are orga-
nized according to their area of focus
(columns) and a possible sequence of action
(arrows). The rationale for each component is
described briefly below, and where relevant,
the function of each is illustrated by reference
to the evaluation literature on EEG biofeedback
for ADHD. The critical questions to be ad-
dressed in each component are listed in Table 1.

A. Intervention structure and formative evaluation.
A1. The political context: stakeholder analy-

sis. It is not universally accepted that inter-
ventions should be subject to rigorous
evaluation. For commercial developers, market
acceptance may sometimes have priority over
product integrity, so that it may be considered
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more important that the product sells than
whether independent evaluations have shown
that the product works. In such a context,
“evaluation” may simply mean having the
product “reviewed” by public relations compa-
nies or software and health magazine editorial
staff, or seeking endorsements from credible
user organizations or “independent experts.”

Similar issues may apply in the professional
world also, since professional groups and indi-
viduals may well have a financial or credibility
stake in the efficacy of a product they have de-
signed or published. The profession of psy-
chology has hosted some notable disputes
about the effectiveness of various interven-

tions, of which the continuing controversy
about the relative merits of alternative thera-
pies to reduce behavioural problems in chil-
dren with ADHD, including stimulant
medication and EEG biofeedback, is a notable
example. Participant stakeholders include
medical practitioners, psychologists, teachers,
pharmaceutical companies, parent advocacy
groups, and religious organizations.21,22

Evaluators should declare any personal con-
flict of interest and take stock of other possible
stakeholder influences on a proposed evalua-
tion, as this may influence such things as ac-
cess to needed information about the nature of
an intervention or access to suitable research
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TABLE 1. CRITICAL QUESTIONS ADDRESSED IN EACH COMPONENT OF THE EVALUATION MODEL

A1. Stakeholder analysis: identification and issues
Who are the stakeholders?
What is the nature of their interest?
Are there actual or potential conflicts of interest that impact on the evaluation?

A2. Identifying evaluation goals and users
What are the context and goals of the evaluation?
Who will use the evaluation?
What influence will the evaluation have?

A3. Assessing the theoretical antecedents of intervention
Does the research indicate that the targets selected for intervention are valid?
Is the theoretical basis of the intervention clear and credible?
What supporting research has been done?
How are the intervention strategies supported by the research?
What is the gap between present knowledge and strategies used in the current intervention design?
Are the strategies credible?

A4. Software design corresponding to intervention strategies
What is the case for using digital interactive multimedia?
Are there clear software equivalents for each therapeutic strategy?
Is the software design for each strategy explicit?
Is recording and reporting of relevant dependent variables supported in the software?

A5. Software design corresponding to generality of training
How does the intervention design address generalizability or transfer-of-training issues?
What specific methods have been used to promote generality of training?
How credible is the logic supporting generalizability?

A6. Analyzing the proposed target population
Who is the intervention for?
What research supports the use of this intervention with this population?
What are the population size and access issues that will affect uptake and statistical power?

A7. Analysis of the matching of strategies to target population
What are the characteristics of the targeted population that may affect intervention outcomes?
How does the intervention design reflect the characteristics of the target population?
How do intervention strategies address individual variation on key variables in the target population?

A8. Implementation analysis: media, distribution, and cost
Is the distribution medium appropriate to the potential users and contexts?
Are there credibility or cost issues?

B1. Analyzing putative outcome goals and measures
What treatment goals are specified?
What components are differentiated?
Are outcome goals specified? Are corresponding measures clear and reliable?
Is social validity of goals and corresponding measures established, using accepted criteria?
What are the criteria for evaluating clinical significance of change in outcome variables?

B2. Evaluating the therapeutic components
What are the therapeutic components?
Can the components be evaluated separately?
What DVs are used to index each component?
Are the measures complete, clear, valid, and reliable?
Do components interact with one another?
Is component analysis required?

B3. Research design of the evaluation
What alternative research designs are feasible?
Can a single design be used to test hypotheses about both processes and outcomes?
What control conditions are required?
Do the control conditions restrict external validity?
If placebo or nocebo controls are contemplated, might they be compromised by uncontrolled information?
If “blind” conditions are required for participants, researchers or others, how might “blindness” be compromised 

by credibility, expectations, or observations?
What are the potential validity threats?
Which design best rules out the known validity threats?
What are the resource implications (cost, personnel, time) for alternative designs?

B4. Procedural integrity and evaluation integrity
How will procedural integrity be assessed?
Will procedural integrity be controlled?
Will controls for procedural integrity compromise evaluation integrity? (This refers to a reactive effect of evalua

tion, in which treatment integrity is assessed as better than typically it would be, were it not being evaluated.)



participants. Stakeholder issues may have to
be addressed in the planning stage to prevent
the evaluation from possibly being under-
mined or its results pre-empted in some way.
Things that can go wrong include adverse
publicity, misinformation campaigns, partici-
pant hostility, outside interference with re-

search conduct, non-acceptance of findings,
inability to publish findings, and litigation.

A2. Identifying evaluation goals and
users. Since all stakeholders are potential
users of evaluation results, the evaluation plan
should consider how the goals of the evalua-
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TABLE 1. CONTINUED

B5. Monitoring the intervention
What is the planned duration of the intervention?
What is the plan for data collection during and after the intervention?
Is the plan consistent with good external validity?
Are there maintenance components to the intervention?
Is follow-up required?
Is the design valid for between-group comparisons at follow-up?

B6. Evaluation data quality
What data will be collected?
What data can be collected internally by the digital program?
What additional, external measures will be required?
Are measures valid, accurate, and reliable?
Is there a requirement to assess validity, accuracy, and reliability of the measures?
If so, what methods will be used?
What are the generality of training issues?
Are the DVs targeted by the intervention intended to represent behavior and attitudes outside the intervention 

context?
Are there measures that will adequately represent transfer of the effects of the intervention to other contexts 

and times?
B7. Evaluation data analysis

What models and procedures will be used for analyzing data?
Have power, precision, and effect-size issues been resolved?
For group designs, is there a rational basis for selection of covariates?
For single-case designs, can multiple treatment interference be assessed?
If the digital program has collected time-series data for individuals, can this be analyzed for evidence of causality? 

(Cross-lag correlation, etc.)
C1. Research ethics issues

Have all ethics issues been traversed and ethics approval sought from relevant review boards?
Is the research design compromised by ethics requirements?
Can potentially confounding effects of project information and consent to participate be assessed by measures 

included in the evaluation?
Have possible conflicts of interest been anticipated?

C2. Evaluation reporting issues
Is the proposed design and style of reports suitable for the intended audiences?
Has timing of outlines, drafts, and final reports been approved?
What reports are required, and who will write them?
Who will own the intellectual property in the reports?

C3. Evaluation project plan
What are the logistics of the evaluation project?
Has a Gantt chart been developed to show the critical path?
What primary personnel are required, and what are their skills and responsibilities?
What secondary personnel are involved, and on what basis is their cooperation sought?
If secondary personnel are not directly funded for their role in this project, what obligation do they have to 

perform needed functions?
Is it feasible to provide a cost-benefit analysis for the intervention?
What are the costs of the evaluation?

C4. Evaluability assessment
Can the costs and other resource needs be met?
Can cooperation of all staff and participants be guaranteed for the duration of the evaluation?
Is the choice of research design realistic?
Are there contingencies for dealing with loss of personnel, participants, or data?
Are policy and management decisions (of the organisation conducting the evaluation) documented and agreed to?



tion map onto stakeholder interests. Unless
the evaluation will throw light on issues con-
sidered important by at least some major
stakeholders, the results may have little im-
pact. If the evaluation is comprehensive and
uses high standards of research practice, the
results will be relevant to most potential users
and will not be easily dismissed as being
flawed. It is notable that, of the 19 evaluation
studies of EEG biofeedback for ADHD located
for a recent meta-analysis, only six used con-
trol groups and only one of these was pub-
lished in a peer-reviewed journal.23 Limited
evaluations such as uncontrolled case studies
and other studies with weak research designs
are unlikely to have much influence on profes-
sional judgements about the efficacy of an in-
tervention and may actually be a waste of
resources.

A3. Assessing the theoretical antecedents of
an intervention. Within the professional com-
munity in general, the use of approved scien-
tific methodology to evaluate intervention
products and procedures is generally consid-
ered to be a good thing, although there is on-
going debate about methodology, provenance,
and priorities. For example, it is recognized
that evaluation is costly of resources, and may
also involve evaluation research participants
in a process that may have costs for them, such
as delaying access to more-effective treatment.
It has been argued that proposed new treat-
ments should not be used, or even evaluated,
unless their theoretical credibility can first be
established. For example, although theoretical
arguments supporting the use of biofeedback
treatment of ADHD have been advanced by
some,18 others have seriously questioned
whether resources should be expended on
evaluation of EEG biofeedback for ADHD.21

Arguably, the intervention should also be
based on credible theory that can be used to
validate the structure of an intervention and to
provide a basis for choosing appropriate mea-
sures of effectiveness of the intervention.

A4. Software design corresponding to inter-
vention strategies. Even if the theoretical basis
of the intervention strategies seems to be
sound at a general level, it also needs to be

clear why digital IM is being used as a vehicle
for the intervention. The decision to use digital
IM should be supported by a credible argu-
ment that this medium has advantages over
alternative approaches. In the case of EEG
biofeedback, it is easy to argue that digital
technology is essential for vital components of
the intervention, especially EEG spectrum
analysis and biofeedback training protocols.18

In many educational interventions, though,
the use of digital technology is predicated less
on need than on cost and convenience.

A comprehensive evaluation would include
assessment of whether the software behaves as
intended by the corresponding intervention
theory. Unless the intervention fairly repre-
sents the theory on which it is supposedly
based, it can be unclear just what the interven-
tion is or what is being evaluated. To assess
this adequately, the evaluator may need either
to see reports on checks that have already been
made by the developers, or have access to the
functional specifications for the software. It
may also be necessary to go through the speci-
fications both with their author and the pro-
grammers who worked from the specifications
to produce the source code. It might be
thought that the evaluator could more easily
assess the software design by observing the
behavior of the software during intervention
sessions or by examining records of interven-
tions sessions collected by the software. How-
ever, neither of these methods allows the
evaluator to conclude either that the software
design is faithful to the strategy it represents
or that the corresponding program behaves as
specified in the software design. This is the
heart of a digital IM intervention, and unless it
is correctly done, then the intervention is not
what it purports to be and may even be a
waste of resources. It follows that the corre-
sponding part of the evaluation is of primary
importance.

This assessment of the veracity of the soft-
ware design and implementation is equivalent
to an assessment of one aspect of the proce-
dural integrity of the intervention, that it, how
well the actual intervention matches its de-
signer’s functional specifications. The other
aspect of procedural integrity is concerned
with the frequency and duration of interven-
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tion sessions. One of the potential advantages
of using digital media as a vehicle for inter-
ventions is the potential for high procedural
integrity without the requirement of expert su-
pervision, but this clearly depends on the in-
tegrity of the software. None of the published
evaluations of EEG biofeedback for ADHD re-
port any analysis of the procedural integrity
either of the multimedia representations of
EEG parameters or the biofeedback training
protocols. In many of the reports, it is unclear
just what these procedures are, let alone how
well they represent the theoretical ideal.

A5. Software design corresponding to general-
ity of training. All therapeutic interventions
have to come to terms with a fundamental
issue called “generalizability” or “generality
of training.” If an intervention is given in a
specific setting, using a particular agent, its ef-
ficacy may be limited to behavior changes in
that setting and with that agent. Even these
changes may not be enduring over time, un-
less specific procedures are employed to main-
tain the changes. In fact, interventions usually
seek to change behavior, not in the interven-
tion setting, but in some other setting in which
behavior change is desired, the criterion set-
ting. In general, the weaker the functional cor-
respondence between the intervention setting
and the criterion setting, the less successful the
intervention is likely to be. There are estab-
lished strategies for dealing with this problem,
and a comprehensive evaluation would in-
clude an assessment of the use of these strate-
gies in the software design.12

Compared with traditional interventions,
interventions using digital IM may be able to
reduce the impact of some generality prob-
lems, but they may also increase the impact of
others. Some studies of academic interven-
tions using digital media (e.g., computer-
assisted instruction) have found that skills
learned on a computer transferred poorly to
criterion settings such as pencil and paper. It
has been argued that current technology for
digital IM allows it to overcome this problem
through its ability to create submersive learn-
ing environments and to make use of virtual
reality, both of which are regarded as promot-
ing generality of training by simulating the cri-

terion setting.24–26 However, the reality of
this claim would need to be assessed for each
intervention.

Evaluations of EEG biofeedback for ADHD
have not assessed explicitly whether the inter-
vention includes design elements that support
generality of training. On the face of it, gener-
ality seems to be an important issue, because
the specific skills trained on a computer in a
clinic setting are very different from the atten-
tional behaviors and settings that the interven-
tion is supposed to change. Most of these
evaluation studies do recognize this issue, to
the extent that the outcome measures usually
include performance measures and behavior
ratings at home and school, as opposed to per-
formance on the biofeedback task.

A6. Analyzing the proposed target population.
Interventions usually are designed for a spe-
cific target population that will be differenti-
ated by the type of problem the intervention
addresses (illness diagnosis, symptomatology)
and other characteristics such as age or sever-
ity of problem. The promoters of the interven-
tion should make clear who it is designed for,
and this is the population on whom it should
be evaluated. Sometimes interventions devel-
oped for one population are subsequently
used or advocated for a different population.

This phenomenon seems especially true of
interventions using digital IM, possibly be-
cause the cost of implementation typically is
small; the intervention is self-delivered or re-
quires minimal supervision. Because interven-
tions using digital IM are seen as having a low
delivery cost, lay persons and professionals
may be tempted to try them just in case they
are effective. A notable example is provided by
the ever-expanding application of EEG
biofeedback training to new disorders. Devel-
oped initially for the reduction of seizures,27 it
subsequently was applied to children with
“hyperkenesis”17 and inattention28 problems,
and more recently, also to children with vari-
ous types of learning disabilities.29,30 This in-
tervention now is a franchised commercial
product being marketed through the Internet
directly to parents of children with ADHD or
learning disabilities (www.eegspectrum.com),
as well as being advocated as a valid interven-
tion for a range of mental health, behavioral,
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and academic problems.21,31–33 From a theoreti-
cal perspective, it is questionable whether a
single generic intervention should be pre-
dicted to be effective with such diverse popu-
lations. This view is reflected in a position
statement by one group of biofeedback practi-
tioners, which sets out clear inclusionary and
exclusionary guidelines,18 but it seems that
these are not widely accepted.

The availability of suitable participants will
strongly influence evaluation designers when
defining their target population. Especially if a
true experimental design is contemplated and
there are some potentially strong uncontrolled
independent variables, a large number of par-
ticipants may be needed to ensure adequate sta-
tistical power to detect even a moderately sized
intervention effect.34 In these circumstances, it
might be tempting to set overly generous inclu-
sionary criteria that could ultimately result in a
very heterogeneous sample and compromise
the external validity of the evaluation. Evalua-
tions of EEG biofeedback for ADHD have been
seriously weakened by the use of vague or in-
formal diagnostic criteria.23

It might be argued that digital IM interven-
tions, being accessible, inexpensive and low on
supervision requirements, will inevitably be
broadly applied to a heterogeneous popula-
tion. Wouldn’t it make more sense to evaluate
their use in that context than in a context that
is relatively artificial and has little resem-
blance to the reality? A counter-argument is
that the professional community has a respon-
sibility to provide some leadership and pro-
mote professional standards, rather than
trying to clean up the mess that otherwise oc-
curs. Good evaluation research does require
controlled studies with well-defined popula-
tions and conditions, at least in the first in-
stance. It is a well-established principle, for
clinical trials methodology, that studies of effi-
cacy, using well-controlled conditions, should
precede studies of effectiveness that address
the question of whether the intervention
works under ordinary circumstances.

A7. Analysis of the matching of therapeutic
strategies to target population. A comprehensive
evaluation would include an assessment of
whether the software design takes account of

variation between individuals to whom the in-
tervention will be applied. If the same interven-
tion is to be delivered to all recipients, it will
need to accommodate differences in relevant
variables such as motivation, cognitive profiles,
learning aptitude, and levels of prior knowl-
edge and skills. It may be that the intervention
is based on a one-size-fits-all assumption, al-
though the ability to provide individually tai-
lored interventions is generally recognized as
one of the most valuable characteristics of digi-
tal IM. The designer may have analyzed the tar-
get population in order to determine what form
the intervention should take that would ensure
its appeal, and how the form could be varied
to reflect both common characteristics and
variability in the population. For example, a
cognitive-skills rehabilitation intervention for
patients with frontal lobe damage would need
to recognize the design limitations imposed by
the fatigue, memory, and attention problems
characteristic of this disorder, while also accom-
modating the wide variability in symptomatol-
ogy and severity.

Given that most interventions are intended
to change attitudes and behaviors, the instruc-
tional strategies might be designed so that the
program can identify and accommodate indi-
vidual differences in cognition and learn-
ing.35,36 Strategies can allow for differences on
variables such as impulsivity, learning rate,
selective attention, breadth of attention, sus-
tained attention, and working memory. The
success of the intervention strategies, at an in-
dividual level, will reflect the attention paid to
these variables by the intervention designer.
Motivation to use the intervention will be in-
fluenced by overall appeal on first use, based
on the appropriateness of the context, content,
level, and style. Motivation to continue with
the intervention will be influenced by individ-
ual experience with it, reflecting how well it
can accommodate individual differences.

These issues are not conceptually different
from those thought important for the success
of therapy delivered by a “live” therapist. Just
as a particular therapy usually is more suc-
cessful in the hands of its developers than in
the hands of others,37 some digital IM transla-
tions of a therapeutic theory or strategy will be
more successful than others. The “art” of ther-
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apy is about tailoring the conduct of therapy
so that the “science” can be made to work at
the individual level. Digital IM simply at-
tempts to create a proxy expert therapist by
translating the rules of best practice into their
digital equivalents. The evaluator might con-
sider whether, for a given intervention design,
this translation attempt reaches an adequate
standard.

Evaluation studies of EEG biofeedback have
had little to say about individualization of in-
tervention programs, although some practi-
tioners see this as a vital component of
effective treatment.18 Aspects that could be in-
dividualized include the multimedia environ-
ment and the biofeedback training protocol.
Since children with ADHD typically may have
difficulty sustaining attention during training,
provision for the child to choose a preferred
multimedia training environment could be
very beneficial for learning. Details of the
biofeedback training protocols typically are
not included in reports of evaluation studies,
and it is unclear whether the parameters of
these procedures are empirically based (say,
on unreported pilot studies) or simply ad hoc.
These details should be transparent to the
evaluation process, because they can poten-
tially account for large differences in the effec-
tiveness of biofeedback training.

A8. Implementation analysis: media, distribu-
tion, and cost. The impact of a potentially ef-
fective digital IM intervention can be reduced
by cost and other access problems that might
restrict its use by the target population. This is
an effectiveness issue rather than an efficacy
issue, but worth considering as part of a com-
prehensive evaluation. For digital IM, the
choice of platform can potentially restrict use.
If the platform is restricted to either Mac or
PC, or if the system requirements are too high,
a major section of the potential target popula-
tion will have access problems. Distribution by
Internet download or as a program that runs
online can raise access problems for those with
limited Internet access or narrowband connec-
tions. Cost (to the consumer) potentially can
be significantly less than other modes on inter-
vention, unless the publisher is seeking to re-
cover development costs quickly. These issues

need to be planned to ensure that the target
population will have easy and affordable ac-
cess at home or wherever the intervention is
intended to be used.

Credibility of the intervention in the eyes of
professional and lay users is another factor
that will affect access. Although the public
may well have alternative ways of accessing a
digital product, many potential users will still
seek professional advice before trying some-
thing. Credibility with professional gatekeep-
ers is therefore an issue that can impact on
implementation both of an intervention and its
evaluation. It will be difficult to evaluate an in-
tervention if relevant professional groups dis-
trust it, think it is a scam, see it as a threat to
their own status or livelihood, or simply be-
lieve that it will not work. In the absence of
prior evaluations of efficacy, pilot studies and
theoretical analyses will have an important in-
fluence on professional opinion.

B. Evaluation of efficacy: process and out-come

The steps described in the first part of this
model should establish clearly the underpin-
ning theory and formative research, what the
intervention is, what it aims to achieve, who it
is for, how it is structured, and who has an in-
terest in it. If this part of the evaluation shows
that the intervention reaches acceptable stan-
dards, it is appropriate to continue to the sec-
ond part, the evaluation of efficacy. Otherwise,
it may be questionable whether further re-
sources should be expended on evaluation of
efficacy if there are serious underlying prob-
lems of credibility or acceptability.

B1. Analyzing putative outcome goals and
measures. Having already in the first part es-
tablished what the therapeutic goals of the in-
tervention are, the next step is to establish
operational definitions of dependent variables
that will be used in the evaluation to represent
these goals. Criteria for adequate definitions
are found in several texts and articles on eval-
uation research design.5,11–13,38–41

Outcome goals usually are specified as
changes in the behaviors and attitudes that are
being targeted by the intervention, in the crite-
rion setting. Consideration should be given to
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declaring a size of change that would be of
practical importance to the individual, a so-
called clinically significant change.39 Suitable
indices can be based on statistical methods
such as the Reliable Change Index,42 on the
presence or absence of critical behaviors or at-
titudes, or on cut-off scores for formal diagno-
sis. For some stakeholders, outcome goals are
the sole interest, and it is important that there
is clear understanding about what these goals
should be and how they will measured.

Some outcome goals may be defined by be-
haviors or attitudes that are closely related to
those directly targeted in the intervention, but
others might be defined by entities further
along some assumed causal chain. For exam-
ple, in EEG biofeedback interventions for
ADHD, the direct targets of the intervention
are EEG patterns, but reduction in behavioral
symptoms of ADHD often is the main out-
come goal. When a psychoeducational inter-
vention is an adjuvant to another treatment,
for example, chemotherapy, the outcome mea-
sures of primary interest might be duration of
remission or some immune system marker. To
some stakeholders, the direct effects of the
psychoeducational intervention on health be-
haviors and attitudes might be only of sec-
ondary interest.

B2. Evaluating the therapeutic compo-
nents. Process goals and the measures corre-
sponding to them usually are closely related
to the direct targets of the intervention pro-
cess. For example, if an EEG biofeedback in-
tervention directly targets the reduction of
the Theta/Beta ratio in the EEG spectrum,
using differential reinforcement, then this
ratio would be a valid index of the therapeu-
tic process. Maintenance of a reduced Theta/
Beta ratio, after the biofeedback intervention
was discontinued and in a different setting,
would be a valid measure of generalizability
of this process-induced change. The data on
these measures could be collected by the digi-
tal program during the intervention sessions.
Of course, the process of interest may be more
complex than indicated by these measures.
For example, biofeedback interventions may
use a scaffolding approach to assist the par-
ticipant to learn the therapeutic task. One

version of this is a shaping procedure which
initially sets an easy task that is made progres-
sively more difficult as the participant learns.
Collecting data on the operation of this pro-
cess would allow the evaluator to see whether
it is working as intended and whether it could
be modified to make it more effective.

Process evaluation has two important roles.
Firstly, it is valuable for establishing the validity
of an intervention process, that is, whether the
process does what it supposed to do when it is
used with a participant. If the process can be
shown to be valid, it will at least be a plausible
cause of changes in the outcome measures. Sec-
ondly, it can provide insight into mechanisms
of change, for example, why the intervention
might work better with some participants than
others.

When interventions have more than one
component, it can be difficult to get informa-
tion about the efficacy of the different compo-
nents unless the research design specifically
allows for this. Process evaluation can be used
to assess how each component operates dur-
ing the intervention.

B3. Research design of the evaluation. An
evaluation needs a research design in order to
control for threats to internal and external va-
lidity. The sovereign requirement is that it
must be possible to arrive at a clear interpreta-
tion of the results of the intervention by being
able reasonably to rule out alternative inter-
pretations. 11,13,43 A range of suitable designs
might be contemplated, and the choice be-
tween them is determined jointly by the nature
of the research hypotheses to be tested and the
practicalities of the evaluation. Factors to be
considered include estimated effect sizes, sta-
tistical power required, number of participants
available, number that can practically be in-
cluded in the evaluation, whether random al-
location to treatments is possible, the number
of dependent and independent variables to
be studied, and whether or not some depen-
dent variables will be measured more than
once.6,8,11,40,44–48

In some evaluations, subdesigns might be
nested within the overall research design. This
is the case, for example, when single-case re-
search designs are used for process evaluation
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while randomized between-groups designs
are used to evaluate outcomes.

The use of placebo or nocebo controls for
participant expectations, and the use of mask-
ing or “blinding” of researchers and others
involved in the evaluation needs careful con-
sideration. While such controls can be useful
for eliminating alternative explanations for
putative intervention effects, they can be diffi-
cult or impossible to implement effectively in
some cases.7,49–55

Recent reviews and meta-analyses of the
evaluations of EEG biofeedback interventions
have pointed out a number of problems with
the research designs of these evaluations.23,31

These include failure to control for basic
threats to internal validity such as history and
maturation, failure to include appropriate
placebo controls, failure to take account of par-
ticipant drop-out, confounding of treatment
components, and failure to collect follow-up
data.

B4. Procedural integrity and evaluation in-
tegrity. As previously noted, in digital IM in-
terventions, one major aspect of procedural
integrity is controlled by the software design.
Unlike human-delivered interventions, the
putative intervention procedure does not re-
quire being translated or interpreted by a ther-
apist, so there is no need to check on how this
is done. A software audit stands in for this pro-
cess. However, it is still necessary to evaluate
whether the participants used the intervention
in the prescribed manner. Arrangements need
to be made to collect valid records of how par-
ticipants use the intervention. If participants
are asked to self-monitor their usage pattern,
the evaluator needs to consider how this re-
quirement will influence the pattern of use.14,56

B5. Monitoring the intervention The evalu-
ation of an intervention requires a plan for
data collection before, during, and after the in-
tervention. The minimal requirements are
specified by the research design. In addition,
procedures are needed for monitoring partici-
pants so that problems that arise can be ad-
dressed in a timely fashion, and possible data
loss, procedural integrity problems, and defec-
tions can be anticipated.7,57

B6. Evaluation data quality. Good data
quality needs to be assured. Assuming mea-
sures have been chosen on the basis that they
are capable of meeting acceptable validity and
reliability criteria, it still must be insured that
standards are met when the measures are used
in the current evaluation.8,12,45,58

B7. Evaluation data analysis. Data analysis
is an important component of an evaluation.
Choice of appropriate methods should be made
at the time the research design is planned, since
the two must be a good fit. Statistical methods
for comparing scores of groups of participants
exposed to different conditions, or for com-
paring scores obtained from the same group
during different conditions, are readily accessi-
ble.7,8,59–66 Suitable methods for various single-
case designs are also available. These are
particularly useful for process evaluation at the
individual level.7,11,12,40,67,68

Inappropriate data analysis is not uncom-
mon, often leading to incorrect conclusions
being drawn about the efficacy of the interven-
tion being evaluated. With regard to EEG
biofeedback studies, weaknesses of analysis
include an almost exclusive use of pre-post t
tests as evidence for treatment effects in stud-
ies with invalid designs, and failure to control
for type I errors, especially in multiple com-
parisons of means.23

C. Planning and reporting the evaluation

C1. Research ethics issues. There is no
point in planning research that will not be ap-
proved by ethics review committees. Relevant
issues go well beyond the obvious matters
of informed consent and confidentiality. Ap-
plicants may be required to produce a valid
research design and outline appropriate meth-
ods of analysis. Many ethics committees now
require applicants to state how they will report
their findings, indicating the researchers’ re-
sponsibility to disseminate findings to appro-
priate audiences who will receive and use the
information. They also require evidence that
the project has the approval of relevant stake-
holders and that sufficient resources have been
committed to make the project viable.7,69,70
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C2. Evaluation reporting issues. An evalu-
ation might result in more than one report.
There might be different reports tailored for
different audiences, or separate reports on dif-
ferent aspects of the evaluation. Preliminary
reports are not unusual, especially for evalua-
tions of longitudinal interventions. Many fac-
tors jointly determine the form, style, content
and timing of reports, and these need to be
considered before any serious report prepara-
tion is done.5,7,71

C3. Evaluation project plan. The overall
project plan is developed after most of the eval-
uation components have been considered and
decisions made about which will be included
and how they will be accomplished. By this
stage, the evaluation team will be in a position
to make a good estimate of the resources, in-
cluding time, required for the evaluation.5,72

C4. Evaluability assessment. Once the
planning process is complete, there is need for
a final appraisal of the overall plan, keeping in
mind the likely sources of risk that the project
might face. Referred to as “evaluability assess-
ment,” this process is a check on the feasibility
of the proposed evaluation. There are many
events that potentially can prevent an evalua-
tion from achieving its goals, but the more
usual ones can be anticipated or avoided.5 The
evaluation plan may need to be revised in the
light of the evaluability assessment.

CONCLUSION

As indicated in Figure 1, it is good practice
to complete the evaluation planning in full be-
fore commencing the intervention that will be
evaluated. Of course, this does not mean that
reports will be written before the intervention
is begun, only that the reporting requirements
will be planned in advance. Although Figure 1
shows the evaluation process as a fixed se-
quence, it is understood that the sequence
used in practice will vary with circumstances.
The sequence shown is intended as a realistic
and logical example. In practice, evaluation
planning is an iterative process in which com-

ponents are revisited and revised during the
formulation of the evaluation plan. For exam-
ple, decisions made about components of the
third part may result in revision of preliminary
design and methodology decisions made in
components of the second part.

The model described in this paper combines
relevant components of program evaluation
and clinical trials to provide a coherent model
tailored to the features of digital IM interven-
tions. Using the example provided by evalua-
tions of EEG biofeedback for ADHD, the
model is shown to be useful in addressing
areas in which previous evaluations of digital
IM interventions appear to be deficient or
which have been overlooked.

It is not suggested that all evaluation studies
should use all the components of this compre-
hensive model. The evaluation needs of differ-
ent interventions will vary according to their
nature and the context of their use. What is
suggested is that the model will provide a use-
ful checklist for evaluation planning, which
will lessen the chances that some relevant
component will be overlooked.
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