Journal of Clinical Epidemiology m (2014) m

Journal of
Clinical
Epidemiology

ORIGINAL ARTICLE

The balanced incomplete block design is not suitable for the evaluation
of complex interventions

Jasper Trietsch™™, Pieter Leffers”, Ben van Steenkiste®, Richard Grol®, Trudy van der Weijden”
“Department of General Practice, School for Public health and Primary Care (CAPHRI), Maastricht University, PO Box 616, 6200 MD Maastricht,
The Netherlands
®Department of Epidemology, Maastricht University, PO Box 616, 6200 MD, Maastricht, The Netherlands
€IQ Healthcare, Radbout University Nijmegen, PO Box 9101 (144), 6500HB Nijmegen, The Netherlands
Accepted 8 July 2014; Published online xxxx

Abstract

Objectives: In quality of care research, the balanced incomplete block (BIB) design is regularly claimed to have been used when eval-
uating complex interventions. In this article, we reflect on the appropriateness of using this design for evaluating complex interventions.

Study Design and Setting: Literature study using PubMed and handbooks.

Results: After studying various articles on health services research that claim to have applied the BIB and the original methodological
literature on this design, it became clear that the applied method is in fact not a BIB design.

Conclusion: We conclude that the use of this design is not suited for evaluating complex interventions. We stress that, to prevent
improper use of terms, more attention should be paid to proper referencing of the original methodological literature. © 2014 Elsevier

Inc. All rights reserved.
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1. Introduction

Incorrect citing in scientific literature can lead to a chain
of erroneous interpretations or the use of incorrect methods
or terms. In this short report, we describe the case of the
balanced incomplete block (BIB) design. In quality of care
research, the BIB design is regularly mentioned in the sec-
tions reporting on the applied study design. Study of the liter-
ature on the BIB design led us to original work by Cochran
and Cox from the 1950s describing a design that appeared to
be very different from the designs that were actually used in
the quality of care research articles claiming to have applied
the BIB. This raised questions about possible consequences
of improper reporting of the BIB design for our own research
with respect to the interpretation of study results.

In this article, we describe the features of the original
BIB design, and we compare it with the design that we used
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in our earlier research projects. We illustrate where we
failed in citing of the literature on the BIB design, and
we describe the implications of this error for the validity
of conclusions of our research.

1.1. Features of the original BIB design

Comparing the outcomes of multiple interventions under
various conditions is a well-known challenge in experi-
mental research. It is often impossible to carry out such
studies because of limitations on the number of available
research subjects and because of limited resources. In agri-
culture, a solution for this problem was developed for
crop-optimization studies by statisticians involved in
combinatorial problems research. These methods were
thoroughly described by Cochran and Cox [1]. For instance,
when testing several new genetic varieties of corn under
different growth conditions, vast areas of land would be
needed. The BIB design enables researchers to compare
harvest returns of the varieties using plots of land (blocks),
which each have different conditions between but uniform
conditions within these plots. Not all varieties of corn will
be grown on each of these plots: incomplete testing. By
balancing the allocation of the varieties over the different
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What is new?

Key findings

e Contrary to what has been claimed in various pub-
lications reporting on quality of care research, the
balanced incomplete block (BIB) design has not
been used. We show that the use of this design is
not suited for this type of research.

What this adds to what was known?

e The BIB design dates from the first half of the last
century. Because of its efficiency increasing poten-
tial, it can be an attractive design when resources
are limited and when certain prerequisites are
met. We show that indirect referencing has led to
improper use of the name of the design in quality
of care research and that the design should also
not be applied in the evaluation of complex
interventions.

What is the implication and what should change

now?

e To increase transparency and enable critical
appraisal of evidence, authors and peer reviewers
should pay more attention to appropriate use of
terms such as BIB design.

plots, a comparison of outcome (eg, returns in harvest) can
be made between varieties that were never really compared
under the same conditions. The simplest example is that of
difference in harvest between varieties A and C under con-
dition I can be estimated, although they were not directly
tested against each other under condition I. Under the
assumption of the absence of effect modification by the
condition, the harvest difference between A and C can be
calculated by comparing varieties A and B under condition
I and varieties B and C under condition II. Statistical testing
is done using analysis of variance [1,2].

To speak of a BIB design, several conditions have to be
met. A theorem is available to test whether a design meets
the requirements of a BIB design. The notation of the pa-
rameters of a BIB design is {b,k,v,A} (Box 1). Fig. 1 shows
a {3,2,2,3,1} design: a design of three blocks with a varia-
tion replication rate of 2, two varieties per block, three
different varieties, and a pair replication rate of 1, as
described previously.

1.2. Features of the BIB design as applied in quality
improvement research

According to Cochran and Cox, the BIB design is suit-
able for situations in which repeated testing of varieties
will lead to the same result, as can be expected when

Box 1 General theorem for BIB designs

bk = vr and v = the number of compared
rik—1)=2(v-1) (genetic) varieties

When, b = the number of plots of land
v>k>0 (blocks)

r>0 r = the number of plots in which
A>0 each variety is present

k = the number of varieties per plot

A = the number of plots in which
each pair of varieties is present
(pair replication)

conditions can be well controlled such as in agricultural
or laboratory sciences. Unfortunately, in most types of clin-
ical research, patients will be permanently influenced by
the intervention that is being evaluated and therefore
repeated testing cannot be expected to lead to the same
result. As a consequence, the BIB design cannot be used
for patient-centered research. However, several publica-
tions within quality of care research on complex health
care interventions report on the use of the BIB [3—6],
and it was also advocated as appropriate for complex
guideline implementation trials [7].

Testing all components of the complex interventions
separately is generally not possible because of limited re-
sources or limitations on the number of available research
subjects, let alone that all components can be tested under
the various conditions. The applied design is claimed to
overcome these limitations while it is also considered to
be attractive because it controls for the Hawthorne effect
[8]. However, from the published reports, it can be
concluded that the BIB design was not applied at all.

Our research group has used the same design in studies
on complex quality improvement interventions [9—11].
An example is the work of Verstappen et al. They per-
formed a cluster randomized controlled trial and claimed

varieties
A B,C

¢ A

Condition 1

T

Condition 3

Condition 2

Fig. 1. Example of a balanced incomplete block design with
{3,2,2,3,1} design.
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to have applied the BIB design. The strategy under study
was the ‘“small group peer review,” and the aim was
reducing inappropriate test ordering by general practi-
tioners. Thirteen general practitioners (GP) groups partici-
pated as units of research. They were randomized to
receive feedback on one of two sets of clinical topics
relating to the treatment of their patients (incomplete
testing). Both arms acted as “placebo comparator” for the
other arm with the treatment and the placebo aspect of each
treatment completely linked. Therefore, this was a cluster
randomized trial with only two conditions. Fig. 2 shows
the typical design used in such trials. Put in terms of the
BIB design, there are two varieties (GP groups with their
allocated treatments; v = 2) under evaluation. There are on-
ly two blocks (two variations of the intervention; b = 2),
each variety appears only once (r = 1), the number of va-
rieties per block is 1 (k = 1), and the number of blocks
in which each pair of varieties appear is 2 (A = 2). From
checking these numbers with the conditions in Box 1, it is
immediately clear that these studies do not fulfill the criteria
for a BIB design.

Recently, we completed the evaluation of a complex im-
plementation strategy based on audit, provision of feed-
back, and educational materials with peer group
discussion guided by clinical guidelines, claiming to use
the BIB design [12]. This strategy was implemented in
groups of GPs from the same region and was moderated
by community pharmacists and test ordering experts (local
opinion leaders). We integrated the small group peer review
strategy in routine health care, which resulted in an
extremely pragmatic trial [13]. With hindsight, we now

Groups (e.g.
patients or
GP’s)

randomization

Arm A

| |

Arm B

measurements of measurements of
Baseline outcom_e_ variables outoom_e_ variables
of condition A &B of condition A & B
Intervention Condition A Condition B
measurements of measurements of
Follow-up outcome variables outcome variables
of condition A &B of condition A & B

Fig. 2. A typical design used in quality improvement research.

conclude that our strategy also did not meet the criteria
of a proper BIB design.

Figures 1 and 2 show schematic representations of the
simplest possible BIB design and of a typical trial in quality
improvement research. It is immediately clear that a two-
armed trial cannot be a BIB design.

1.3. What went wrong and what is the impact?

Eccles and Grimshaw described using the BIB design in
a similar setting in the area of quality improvement
research as we did [3]. When checking the references of
their published studies, we were struck by the fact that au-
thors regularly refer to earlier work from colleagues in the
field and not to the original publications on the BIB design.
The BIB design can be traced back in time to the work of
Cochran and Cox and further back to the work of Bose and
that of Yates and even to the famous “Kirkman’s schoolgirl
problem” [1,14,15]. It became clear that the used design
does not match with the description of the BIB design by
Cochran and Cox at all. The fact that the description is
difficult to understand for non-statisticians makes it under-
standable that authors tend not to refer to it or refer to it
without having read and understood the contents. This
way, an interpretation error made by one group of authors
has led to systematic inappropriate use of a methodological
term. We think that the smaller the number of researchers in
the field the less probable it seems that others will notice
such an error.

The question remains what the implications of the
improper use of the BIB design are. Fortunately, we found
that the authors performed appropriate statistical analyses
for the design that they actually used. The validity of the
conclusions of the publications should be judged on the as-
sumptions that underlie the comparisons in these studies.
The main assumption is that the feedback strategies can
act as placebo strategies for each other. The improper use
of the term “BIB design” has no bearing on this.

2. Conclusions

The consequences of the improper citing to the BIB
design have been very limited. However, authors, re-
viewers, and editors should be alert when indirect citations
are used maybe especially when complex methodological
or statistical methods are involved that are not commonly
used. In the present case, indirect referencing has only
led to improper use of a beautiful and complicated name
for a very standard study design. As admitting not being ac-
quainted with a design may feel uncomfortable for many,
we fear that the unjustified use of a complicated term will
impede critical debate about the validity of methods that
study people. It certainly leads to failure to honor devel-
opers of research methodology for their contributions to
science.
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