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Motivation

Definitionsversuch

Metaanalyse

… ist eine Gruppe quantitiver Methoden zur Kombination von Evidenz

… ist die Analyse der Resultate statistischer Analysen

… ist überwiegend Frequentistisch geprägt

Glass (1976) “Primary, Secondary, and Meta-Analysis of Research”

“My major interest currently is in what we have come to call — not for want of a less pretentious
name — the meta-analysis of research. The term is a bit grand, but it is precise, and apt, and in
the spirit of”meta-mathematics,” “meta-psychology,” and “meta-evaluation.” Meta-analysis refers
to the analysis of analyses. I use it to refer to the statistical analysis of a large collection of analysis
results from individual studies for the purpose of integrating the findings. It connotes a rigorous
alternative to the casual, narrative discussions of research studies which typify our attempts to make
sense of the rapidly expanding research literature.”

Glass (1976)
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Motivation

Ethischer Imperativ

• Die Öffentlichkeit investiert substantielle Mittel in die (außer)universitäre Forschung.

• Neben wenigen Großforschungsprojekten gibt es viele kleine Forschungsprojekte.

• Die Kleinforschungsprojekte sind oft nicht zentralisiert und interessens- und zufallsgeleitet.

• Empirische Wissenschaft basiert auf der Replikation oder Nichtreplikation von Erkenntnissen.

• Die Analyse von Kleinforschungsergebnissen hat den potentiellen Mehrwert von Großforschung.

• Es ist intuitiv sinnvoll und plausibel nach der gesammelten Evidenz für etwas zu fragen.

• Metaanalysen wird das Potential zugeschrieben, aussagekräftiger als Einzelstudien zu sein.

• Entscheidungsrelevante Aussagen werden gerne aufgrund großer Datenmengen getroffen.

• Forschung hat die Pflicht, integrierte Evidenz dem Wohle der Gesellschaft bereitzustellen.

Borenstein (2009), Harrer et al. (2021)
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Motivation

Narrative Reviews

• Standard der Akkumulation wissenschaftlicher Evidenz bis etwas 1990

• Subjektive und intransparente Auswahl von Studien durch Expert:innen

• Nicht-explizite und qualitative Gewichtung von Studien

• Relativ gut möglich bei eher geringer Anzahl von zu inkludierenden Studien

Systematische Reviews und Metaanalysen

• Standard der Akkumulation wissenschaftlicher Evidenz seit etwa 2000

• Transparente Auswahl von Studien anhand festgelegter Kriterien

• Explizite, quantitative Wichtung von Studien mithilfe metaanalytischer Statistik

• Hilfreich bei einer großen Anzahl von zu inkludierenden Studien durch Automatisierung

Borenstein (2009), Harrer et al. (2021)
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Motivation

Metaanalysen in der Psychotherapieforschung
Eysenck (1952)
“A survey was made of reports on the improvement of neurotic patients after psychotherapy, and the results compared
with the best available estimates of recovery without benefit of such therapy. The figures fail to support the
hypothesis that psychotherapy facilitates recovery from neurotic disorder. In view of the many difficulties attending
such actuarial comparisons, no further conclusions could be derived from the data whose shortcomings highlight the
necessity of properly planned and executed experimental studies into this important field.”

Smith (1977)
“Results of nearly 400 controlled evaluations of psychotherapy and counseling were coded and integrated statistically.
The findings provide convincing evidence of the efficacy of psychotherapy. On the average, the typical therapy
client is better off than 75% of untreated individuals. Few important differences in effectiveness could be established
among many quite different types of psychotherapy. More generally, virtually no difference in effectiveness was
observed between the class of all behavioral therapies (systematic desensitization, behavior modification) and the
nonbehavioral therapies (Rogerian, psychodynamic, rational-emotive, transactional analysis, etc.).”

Cuijpers et al. (2019)
“In the 1950s, Eysenck suggested that psychotherapies may not be effective at all. Twenty-five years later, the first
meta-analysis of randomised controlled trials showed that the effects of psychotherapies were considerable and that
Eysenck was wrong. However, since that time methods have become available to assess biases in meta-analyses.
We examined the influence of these biases on the effects of psychotherapies for adult depression, including risk of
bias, publication bias and the exclusion of waiting list control groups. The unadjusted effect size of psychotherapies
compared with control groups was g = 0.70 (limited to Western countries: g = 0.63) (…). Only 23% of the studies
could be considered as a low risk of bias. When adjusting for several sources of bias, the effect size across all
types of therapies dropped to g = 0.31.”

Borenstein (2009), Harrer et al. (2021)
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Motivation

Metaanalysen in der Medizin

• Inhaltliche Beiträge, z.B. Peto and Parish (1980)
• Methodische Beiträge, z.B. DerSimonian and Laird (1986)
• Richtlinien, z.B. Moher et al. (2009)

Cochrane Collaboration

• Stiftung zur Förderung der evidenzbasierten metaanalytischen Medizin seit 1993
• www.cochrane.org

Campbell Collaboration

• Stiftung zur Förderung der evidenzbasierten metaanalytischen Sozialwissenschaft seit 2000
• www.campbellcollaboration.org
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Motivation

Typische Charakteristika des Metaanalysen-Genres

• Spezifikation von Suchtermen für Studiendatenbanken wie Web Of Science

• Spezifikation des Studienscreenings

• Extraktion von Effektstärken (Cohen’s 𝑑)

• Korrektur von Effektstärken (Hedges’ 𝑔)

• Angabe eines “mittleren” Hedges’ 𝑔

• Mehrebenenanalyse mithilfe eines Linear Mixed Models

• Versuche der Quantifizierung und Korrektur von Biases

Borenstein (2009), Harrer et al. (2021)
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Motivation

Typische Probleme des Metaanalysen-Genres

Apples and Oranges

• Metaanalysen integrieren Studien, die sich in experimentellen Details unterscheiden
• Die zulässige experimentelle Varianz hängt von der metaanalytischen Fragestellung ab

Garbage In, Garbage Out

• Die Qualität eines metaanalytischen Ergebnisses hängt von der Qualität der Primärstudien ab
• Bei geringer Primärstudienqualität kann eine Metaanalyse zumindest diese Erkenntnis bringen

The Filedrawer Problem

• Nicht alle themenrelevante Forschung wird tatsächlich auch publiziert
• Insbesondere sind meist hochwertig angefertigte Nullresultatstudien unterrepräsentiert

Researcher Agendas

• Jeder Studienreport, auch eine Metaanalyse, ist letztlich ein Kommunikationsakt
• Die Kommunikationssender sind bewusst oder unbewusst nicht frei von eigenen Motiven

Borenstein (2009), Harrer et al. (2021)
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Randomisierte kontrollierte Studien

Randomisierte kontrollierte Studie

⇒ Randomized controlled trial (RCT) ⇒ Goldstandard der Interventionsforschung

Randomisierte Studie

• Zuordnung zu einer Behandlungsgruppe nach dem Zufallsprinzip
• Gewährleistung der gleichmäßigen Verteilung von Einflüssen auf alle Gruppen

Kontrollierte Studie

• Ergebnisse in der Studiengruppe werden mit denen einer Kontrollgruppe verglichen
• Kontrollgruppe z.B. keine Intervention, Placebo, beste verfügbare Behandlung
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Randomisierte kontrollierte Studien

698			   BMJ | 27 march 2010 | Volume 340

research methods  
& reporting

The CONSORT statement is used worldwide 
to improve the reporting of randomised 
controlled trials. Kenneth Schulz and 
colleagues describe the latest version, 
CONSORT 2010, which updates the reporting 
guideline based on new methodological 
evidence and accumulating experience

Randomised controlled trials, when appropriately designed, 
conducted, and reported, represent the gold standard in eval‑
uating healthcare interventions. However, randomised trials 
can yield biased results if they lack methodological rigour.1 To 
assess a trial accurately, readers of a published report need 
complete, clear, and transparent information on its method‑
ology and findings. Unfortunately, attempted assessments 
frequently fail because authors of many trial reports neglect 
to provide lucid and complete descriptions of that critical 
information.2‑4

That lack of adequate reporting fuelled the development of 
the original CONSORT (Consolidated Standards of Reporting 
Trials) statement in 19965 and its revision five years later.6‑8 
While those statements improved the reporting quality for 
some randomised controlled trials,9 10 many trial reports still 
remain inadequate.2 Furthermore, new methodological evi‑

1Family Health International, 
Research Triangle Park, NC 27709, 
USA
2Centre for Statistics in Medicine, 
University of Oxford, Wolfson 
College, Oxford 
3Ottawa Methods Centre, Clinical 
Epidemiology Program, Ottawa 
Hospital Research Institute, 
Department of Epidemiology and 
Community Medicine, University of 
Ottawa, Ottawa, Canada 
Correspondence to: K F Schulz  
kschulz@fhi.org
Accepted: 9 December 2009

Cite this as: BMJ 2010;340:c332
doi: 10.1136/bmj.c332

CONSORT 2010 Statement: updated guidelines for reporting 
parallel group randomised trials
Kenneth F Schulz,1 Douglas G Altman,2 David Moher,3 for the CONSORT Group

Flow diagram of the progress through the phases of a parallel randomised trial of two groups 
(that is, enrolment, intervention allocation, follow-up, and data analysis)
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Allocated to intervention (n=...):
  Received allocated intervention (n=...)
  Did not receive allocated intervention (give
    reasons) (n=...)A

ll
oc

at
io

n
En

ro
lm

en
t

Fo
ll

ow
-u

p
An

al
ys

is

Assessed for eligibility (n=...)

Randomised (n=...)

Lost to follow-up (give reasons) (n=...)
Discontinued intervention (give reasons) (n=...)

Lost to follow-up (give reasons) (n=...)
Discontinued intervention (give reasons) (n=...)

Analysed (n=...):
  Excluded from analysis (give reasons) (n=...)

Analysed (n=...):
  Excluded from analysis (give reasons) (n=...)

Excluded (n=...):
  Not meeting inclusion criteria (n=...)
  Declined to participate (n=...)
  Other reasons (n=...)

dence and additional experience has accumulated since the 
last revision in 2001. Consequently, we organised a CONSORT 
Group meeting to update the 2001 statement.6‑8 We introduce 
here the result of that process, CONSORT 2010.

Intent of CONSORT 2010
The CONSORT 2010 Statement is this paper including the 
25 item checklist in the table and the flow diagram. It pro‑
vides guidance for reporting all randomised controlled trials, 
but focuses on the most common design type—individually 
randomised, two group, parallel trials. Other trial designs, 
such as cluster randomised trials and non-inferiority tri‑
als, require varying amounts of additional information. 
CONSORT extensions for these designs,11 12 and other  
CONSORT products, can be found through the CONSORT 
website (www.consort-statement.org). Along with the  
CONSORT statement, we have updated the explanation and 
elaboration article,13 which explains the inclusion of each 
checklist item, provides methodological background, and 
gives published examples of transparent reporting.

Diligent adherence by authors to the checklist items facili‑
tates clarity, completeness, and transparency of reporting. 
Explicit descriptions, not ambiguity or omission, best serve 
the interests of all readers. Note that the CONSORT 2010 
Statement does not include recommendations for design‑
ing, conducting, and analysing trials. It solely addresses the 
reporting of what was done and what was found.

Nevertheless, CONSORT does indirectly affect design 
and conduct. Transparent reporting reveals deficiencies in 
research if they exist. Thus, investigators who conduct inad‑
equate trials, but who must transparently report, should 
not be able to pass through the publication process without 
revelation of their trial’s inadequacies. That emerging reality 
should provide impetus to improved trial design and conduct 
in the future, a secondary indirect goal of our work. Moreover, 
CONSORT can help researchers in designing their trial.

Background to CONSORT
Efforts to improve the reporting of randomised control‑
led trials accelerated in the mid-1990s, spurred partly by 
methodological research. Researchers had shown for many 
years that authors reported such trials poorly, and empiri‑
cal evidence began to accumulate that some poorly con‑
ducted or poorly reported aspects of trials were associated 
with bias.14 Two initiatives aimed at developing reporting 
guidelines culminated in one of us (DM) and Drummond 
Rennie organising the first CONSORT statement in 1996.5 

Editorial by Antes
Research, p 697

Schulz et al. (2010)
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Randomisierte kontrollierte Studien

Allgemeine Systematik von Studiendesigns

Randomisierte kontrollierte Studie (Experiment)

• Die experimentellen Einheiten werden den Studienbedingungen zufällig zugeordnet
• Beispiel: Online Psychotherapie vs. Face-To-Face Psychotherapie bei Depression

Nicht-randomisierte kontrollierte Studie (Quasiexperiment)

• Untersuchung natürlich bzw. bereits bestehender Gruppen
• Beispiel: Online Psychotherapie bei Depression vs. Schizophrenie

Analyse eines bestehenden Datensatzes (Korrelationstudie)

• Nicht-randomisierte, nicht kontrollierte Studie
• Beobachtungsstudie ohne Intervention
• Beispiel: Analyse von Paneldaten
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Randomisierte kontrollierte Studien

Charakteristika randomisierter kontrollierter Studien

• Vorhandensein einer kausaltheoretischen Hypothese vor Studienbeginn

• Gute Manipulierbarkeit von unabhängigen Variablen

• Explizite Operationalisierung der untersuchten Konstrukte

• Kontrollierbarkeit möglichst vieler Studienbedingungen

• Typisch für bereits gut erschlossene Gegenstandsbereiche
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Randomisierte kontrollierte Studien

Designschemata

• R: Randomisierung
• O: Observation (Test, Messung)
• X: Exposition experimenteller Bedingung
• Experimentelle Bedingungen von oben nach unten
• Zeitliche Abfolge von links nach rechts

Beispiel

R X O
R O

• Bedingungszuweisung erfolgt durch Randomisierung
• Nur eine Gruppe erhält das Treatment
• Beide Gruppen absolvieren die Messung
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Randomisierte kontrollierte Studien

Randomisierte einfaktorielle Studiendesigns

• Gesamtgruppe wird zufällig auf experimentelle Bedingungen aufgeteilt

• Eine unabhängige Variable mit zwei oder mehr Leveln

• Populäres Designs in der klinischen Forschung

• Varianten

o No-Treatment Kontrollgruppe

o Placebo Kontrollgruppe

o Vergleich zweier Treatments

o Zwei-Treatment Vergleich mit Placebo-Kontrollgruppe

o Pretest-Posttest-Designs
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Randomisierte kontrollierte Studien

No-Treatment Kontrollgruppe

R X O

R O

• Vergleich eines Treatments zu keinem Treatment
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Randomisierte kontrollierte Studien

Placebo Kontrollgruppe

R X O

R X𝑃 O

• Placebo = Scheintreatment

• Vergleich eines Treatments zu keinem Treatment

• Kontrolle studieninduzierter Effekte (Placeboeffekte)
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Randomisierte kontrollierte Studien

Vergleich zweier Treatments

R X𝐴 O

R X𝐵 O

• Vergleich Standardtreatment A und neues Treatment B

• Keine Aussage über Effektivität des Standardtreatments
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Randomisierte kontrollierte Studien

Zwei-Treatment Vergleich mit Placebo-Kontrollgruppe

R X𝐴 O
R X𝐵 O
R X𝑃 O

• Vergleich Standardtreatment A und neues Treatment B
• Aussage über Effektivität des Standardtreatments möglich
• Placebotreatment kann ethisch nicht vertretbar sein

Beispiel: Einfluss von Psychotherapie auf Depressionssymptomatik

• Face-To-Face Psychotherapie (A)
• Online Psychotherapie (B)
• Seelsorge (P)

→ Keine Aussagen über Pre-Treatment Gruppenunterschiede möglich

→ Keine Aussage über Dropout Charakteristika möglich
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Randomisierte kontrollierte Studien

Pretest-Posttest-Designs

R O X𝐴 O

R O X𝐵 O

R O O

• Untersuchung von Pretest-Posttest-Differenzen

• Fokus auf Treatment-induzierte Verbesserungen/Verschlechterungen

• Subtraktion von Pre-Test-Gruppenunterschieden möglich

• Untersuchung von Dropout Charakteristika möglich

• Mögliches Auftreten von Testeffekten (Lernen, Gewöhnung, Ermüdung)

• Höherer Zeit- und Kostenaufwand
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Randomisierte kontrollierte Studien

Treatment-und-Kontrollgruppen-Designs in der Psychotherapieforschung

Treatment

Kontrolle

Pretest Posttest

Pretest Posttest

Untersuchung von Pretest-Posttest-Differenzen
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Randomisierte kontrollierte Studien

Treatment-und-Kontrollgruppen-Designs in der Psychotherapieforschung

Beispieldatensatz (T = Treatment, C = Control, 𝑛𝑡 = 15 Patient:innen, 𝑛𝑐 = 15 Patient:innen)

ID Group PreBDI PosBDI dBDI
1 1 T 28 31 -3
2 2 T 31 27 4
3 3 T 27 28 -1
4 4 T 35 27 8
5 5 T 31 23 8
6 6 T 27 26 1
7 7 T 32 26 6
8 8 T 32 27 5
9 9 T 32 30 2
10 10 T 29 29 0
11 11 T 35 26 9
12 12 T 31 26 5
13 13 T 28 29 -1
14 14 T 23 29 -6
15 15 T 34 25 9
16 16 C 30 28 2
17 17 C 30 31 -1
18 18 C 33 32 1
19 19 C 33 30 3
20 20 C 32 33 -1
21 21 C 33 31 2
22 22 C 32 28 4
23 23 C 30 31 -1
24 24 C 24 26 -2
25 25 C 32 35 -3
26 26 C 30 36 -6
27 27 C 30 29 1
28 28 C 25 27 -2
29 29 C 28 32 -4
30 30 C 31 30 1

Untersuchung der Pretest-Posttest-BDI-Differenzen (dBDI)
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Effektstärke

Primary outcome measure

• Primäres Ergebnismaß

• Ein zumeist quantitatives Maß, das den Effekt einer Intervention messen soll

• Festlegung im Rahmen von RCTs üblicherweise vor Studienbeginn

• Bei RCTs oft Grundlage von Poweranalysen

Beispiele bei RCTs im Bereich Psychotherapieforschung zur Depression

• BDI-II Reduktion

Primäres Ergebnismaß für Metaanalysen ⇒ Cohen’s 𝑑
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Effektstärke

Cohen’s 𝑑 in den Worten von Jacob Cohen
“Thus, we see that the absence of the phenomenon under study is expressed by a null hypothesis which specifies an exact value for a
population parameter, one which is appropriate to the way the phenomenon under study is manifested. Without intending any necessary
implication of causality, it is convenient to use the phrase “effect size” to mean “the degree to which the phenomenon is present in the
population,” or “the degree to which the null hypothesis is false.”

Whatever the manner of representation of a phenomenon in a particular research in the present treatment, the null hypothesis always means
that the effect size is zero. By the above route, it can now readily be made clear that when the null hypothesis is false, it is false to some
specific degree, i.e., the effect size (ES) is some specific nonzero value in the population. The larger this value, the greater the degree to
which the phenomenon under study is manifested. Thus, in terms of the previous illustrations:

1. If the percentage of males in the population of psychiatric patients bearing a diagnosis of paranoid schizophrenia is 52%. and the
effect is measured as a departure from the hypothesized 50%. the ES is 2%; if it is 60%, the ES is 10%, a larger ES.

2. If children of multiple births have a population mean IQ of 96, the ES is 4 IQ units (or- 4, depending on directionality of significance
criterion); if it is 92, the ES is 8 (or - 8) IQ units, i.e., a larger ES.”

3. If the population product moment r between neurophysiological and questionnaire measures of introversion-extroversion is .30, the
ES is .30; if r is .60, so is t he ES, a larger value and a larger departure from the null hypothesis, which here is r = 0.

4. If the population of consumers preferring brand A has a median annual income $700 higher than that of brand B, the ES is $700. If
the population median difference and hence the ES is $1000, the effect of income on brand preference would be larger.

Thus, whether measured in one unit or another, whether expressed as a difference between two population parameters or the departure of a
population parameter from a constant or in any other suitable way, the ES can itself be treated as a parameter which takes the value zero
when the null hypothesis is true and some other specific nonzero value when the null hypothesis is false, and in this way the ES serves as
an index of degree of departure from the null hypothesis.”

Cohen (1988) Statistical power analysis for the behavioral sciences
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Effektstärke

Cohen’s 𝑑 in den Worten von Jacob Cohen

20 2 THE t TEST FOR MEANS 

sizes increase above 20 or 30 cases. The only noteworthy exception to the 
above is under the condition of substantially unequal variances together 
with substantially unequal sample sizes (whether small or large). Summaries 
of the evidence in regard to the "robustness" of the t (and F) test is provided 
by Scheffe (1959, Chapter 10), and in less technical terms, by Cohen (1965, 
pp. 114-116). See also Boneau ( 1960, 1962). 

2.2 THE EFFECT SIZE INDEX: d 

As noted above (Section 1.4), we need a "pure" number, one free of our 
original measurement unit, with which to index what can be alternately 
called the degree of departure from the null hypothesis of the alternate 
hypothesis, or the ES (effect size) we wish to detect. This is accomplished by 
standardizing the raw effect size as expressed in the measurement unit of 
the dependent variable by dividing it by the (common) standard deviation 
of the measures in their respective populations, the latter also in the original 
measurement unit. For the two independent samples case, this is simply 

(2.2.1) 

for the directional (one-tailed) case, and 

d = lmA -mal (2.2.2) 
a 

for the nondirectional (two-tailed) case, 

where d = ES index fort tests of means in standard unit, 
m", m 8 =population means expressed in raw (original measurement) 

unit, and 
a = the standard deviation of either population (since they are 

assumed equal). 

The use of d is not only a necessity demanded by the practical require­
ments of table making, but proves salutary in those areas of the behavioral 
sciences where raw units are used which are quite arbitrary or lack meaning 
outside the investigation in which they are used, or both. Consider, for ex­
ample, the question whether religious groups A and B differ in their favor­
ableness toward the United Nations. The latter may well be indexed by an 
ad hoc attitude scale which yields a score expressed in points, such that 
the more points the more favorable the attitude. The absolute size of a 
point is a consequence of arbitrariness in the decisions made by the investi­
gator, and/or in the scale construction method, and/or in the writing or selec­
tion of the items. If the A population has a mean of 280 and the B popula­
tion a mean of 270, the question "How large is the effect?" can only be 

Cohen (1988) Statistical power analysis for the behavioral sciences
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Randomisierte kontrollierte Studien

Cohen’s 𝑑 in den Worten der metaanalytischen Community

The standardized mean difference can be considered as being comparable across

studies based on either of two arguments (Hedges and Olkin, 1985). If the outcome

measures in all studies are linear transformations of each other, the standardized mean

difference can be seen as the mean difference that would have been obtained if all data

were transformed to a scale where the standard deviation within-groups was equal to 1.0.

The other argument for comparability of standardized mean differences is the fact

that the standardized mean difference is a measure of overlap between distributions.

In this telling, the standardized mean difference reflects the difference between the

distributions in the two groups (and how each represents a distinct cluster of scores)

even if they do not measure exactly the same outcome (see Cohen, 1987, Grissom

and Kim, 2005).

Consider a study that uses two independent groups, and suppose we wish to

compare the means of these two groups. Let �1 and �1 be the true (population) mean

and standard deviation of the first group and let �2 and �2 be the true (population)

mean and standard deviation of the other group. If the two population standard

deviations are the same (as is assumed in most parametric data analysis techniques),

so that �1 5�2 5�, then the standardized mean difference parameter or population

standardized mean difference is defined as

�5
�1 � �2

�
: ð4:17Þ

In the sections that follow, we show how to estimate � from studies that used indepen-

dent groups, and from studies that used pre-post or matched group designs. It is also

possible to estimate � from studies that used other designs (including clustered designs)

but these are not addressed here (see resources at the end of this Part). We make the

common assumption that �1
2 5�2

2, which allows us to pool the estimates of the

standard deviation, and do not address the case where these are assumed to differ

from each other.

Computing d and g from studies that use independent groups

We can estimate the standardized mean difference (�) from studies that used two

independent groups as

d 5
X1 � X2

Swithin

: ð4:18Þ

In the numerator, X1 and X2 are the sample means in the two groups. In the

denominator Swithin is the within-groups standard deviation, pooled across groups,

Swithin 5

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðn1 � 1ÞS2

1 þ ðn2 � 1ÞS2
2

n1 þ n2 � 2

s
ð4:19Þ

where n1 and n2 are the sample sizes in the two groups, and S1 and S2 are the

standard deviations in the two groups. The reason that we pool the two sample

26 Effect Size and Precision

estimates of the standard deviation is that even if we assume that the underlying

population standard deviations are the same (that is �1 5�2 5�), it is unlikely that

the sample estimates S1 and S2 will be identical. By pooling the two estimates of

the standard deviation, we obtain a more accurate estimate of their common value.

The sample estimate of the standardized mean difference is often called Cohen’s

d in research synthesis. Some confusion about the terminology has resulted from the

fact that the index �, originally proposed by Cohen as a population parameter for

describing the size of effects for statistical power analysis is also sometimes called d.

In this volume we use the symbol � to denote the effect size parameter and d for the

sample estimate of that parameter.

The variance of d is given (to a very good approximation) by

Vd 5
n1 þ n2

n1n2

þ d2

2ðn1 þ n2Þ
: ð4:20Þ

In this equation the first term on the right of the equals sign reflects uncertainty in the

estimate of the mean difference (the numerator in (4.18)), and the second reflects

uncertainty in the estimate of Swithin (the denominator in (4.18)).

The standard error of d is the square root of Vd,

SEd 5
ffiffiffiffiffi
Vd

p
: ð4:21Þ

It turns out that d has a slight bias, tending to overestimate the absolute value of � in

small samples. This bias can be removed by a simple correction that yields an

unbiased estimate of �, with the unbiased estimate sometimes called Hedges’ g

(Hedges, 1981). To convert from d to Hedges’ g we use a correction factor, which is

called J. Hedges (1981) gives the exact formula for J, but in common practice

researchers use an approximation,

J 5 1� 3

4df � 1
: ð4:22Þ

In this expression, df is the degrees of freedom used to estimate Swithin, which for

two independent groups is n1 þ n2 – 2. This approximation always has error of less

than 0.007 and less than 0.035 percent when df �10 (Hedges, 1981). Then,

g 5 J � d; ð4:23Þ

Vg 5 J2 � Vd; ð4:24Þ

and

SEg 5
ffiffiffiffiffi
Vg

p
: ð4:25Þ

For example, suppose a study has sample means X1 5 103, X2 5 100, sample

standard deviations S1 5 5.5, S2 5 4.5, and sample sizes n1 5 n2 5 50. We would

estimate the pooled-within-groups standard deviation as
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Definition (Cohen’s 𝑑 im Treatment-und-Kontrollgruppen-Design)
Gegeben seien ein Treatment-und-Kontrollgruppen-Design mit einer Treatmentgruppe 𝑡 und einer Kontrollgruppe 𝑐
und es seien

𝑦𝑡1, ..., 𝑦𝑡𝑛𝑡 und 𝑦𝑐1, ..., 𝑦𝑐𝑛𝑐 (1)

die skalaren reellen Werte des primären Ergebnismaßes jeder Gruppe. Es seien weiterhin

̄𝑦𝑡 ∶= 1
𝑛𝑡

𝑛𝑡
∑
𝑗=1

𝑦𝑡𝑗, 𝑠2
𝑡 ∶= 1

𝑛𝑡 − 1

𝑛𝑡
∑
𝑗=1

(𝑦𝑡𝑗 − ̄𝑦𝑡)2
und ̄𝑦𝑐 ∶= 1

𝑛𝑐

𝑛𝑐
∑
𝑗=1

𝑦𝑐𝑗, 𝑠2𝑐 ∶= 1
𝑛𝑐 − 1

𝑛𝑐
∑
𝑗=1

(𝑦𝑐𝑗 − ̄𝑦𝑐)2
(2)

die Mittelwerte und die empirischen Varianzen beider Gruppen. Schließlich sei

𝑠 ∶= √ (𝑛𝑡 − 1)𝑠2
𝑡 + (𝑛𝑐 − 1)𝑠2𝑐

𝑛𝑡 + 𝑛𝑐 − 2 (3)

die gepoolte empirische Standardabweichung der beiden Gruppen. Dann ist Cohen’s 𝑑 im Treatment-und-
Kontrollgruppen-Design definiert als

𝑑 ∶= ̄𝑦𝑡 − ̄𝑦𝑐
𝑠 . (4)
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Bemerkungen

• ̄𝑦𝑡 − ̄𝑦𝑐 ist die empirische Effektstärke.
• 𝑑 ist die mithilfe der gepoolten empirischen Standardabweichung standardisierte empirische Effekstärke.
• 𝑑 misst den Unterschied der Mittelwerte in Einheiten der gepoolten Standardabweichung, z.B.

̄𝑦𝑡 − ̄𝑦𝑐 = 0 ⇔ 𝑑 = 0 ̄𝑦𝑡 − ̄𝑦𝑐 = 𝑠 ⇔ 𝑑 = 1 ̄𝑦𝑡 − ̄𝑦𝑐 = 2𝑠 ⇔ 𝑑 = 2. (5)

• Für 𝜇0 = 0 gilt im Sinne der Zweistichproben-T-Teststatistik, dass

𝑇 = √ 𝑛𝑡𝑛𝑐
𝑛𝑡 + 𝑛𝑐

𝑑 ⇔ 𝑑 = √ 𝑛𝑡 + 𝑛𝑐
𝑛𝑡𝑛𝑐

𝑇 . (6)

• Ersetzt man in der Definition von Cohen’s 𝑑 die gepoolte empirische Standardabweichung 𝑠 durch die empirische

Standardabweichung der Kontrollgruppe, so erhält man das nach Glass (1976) benannte

Δ ∶= ̄𝑦𝑡 − ̄𝑦𝑐
√𝑠2𝑐

. (7)

• Glass Δ wird heutzutage allerdings eher selten als Effektstärkenmaß im metanalytischen Kontext betrachtet.
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Bestimmung von Cohen’s 𝑑 für den Beispieldatensatz
D = read.csv("./2_Daten/Zwei_Gruppen_Design.csv") # Einlesen des Datensatzes
y_t = D$dBDI[D$Group == "T"] # Daten der Treatmentgruppe
y_c = D$dBDI[D$Group == "C"] # Daten der Kontrollgruppe
n_t = length(y_t) # Umfang Treatmentgruppe
n_c = length(y_c) # Umfang Kontrollgruppe
bar_y_t = mean(y_t) # Mittelwert der Treatmentgruppe
bar_y_c = mean(y_c) # Mittelwert der Kontrollgruppe
s2_t = var(y_t) # empirische Varianz der Treatmentgruppe
s2_c = var(y_c) # empirische Varianz der Kontrollgruppe
s = sqrt(((n_t-1)*s2_t + (n_c-1)*s2_c)/(n_t + n_c -2)) # gepoolte Standardabweichung
es = bar_y_t - bar_y_c # empirische Effektstärke
d = (bar_y_t - bar_y_c)/s # Cohen's d

Mittelwert Treatmentgruppe : 3.07
Mittelwert Kontrollgruppe : -0.4
Gepoolte empirische Standardabweichung : 3.82
Empirische Effektstärke : 3.47
Cohen's d : 0.91
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Motivation

Randomisierte kontrollierte Studien

Effektstärke

Selbstkontrollfragen
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Selbstkontrollfragen

1. Erläutern Sie, warum Metaanalysen aus ethischer Sicht sinnvoll sind.

2. Erläutern Sie den Unterschied zwischen Narrativen Reviews und Systematischen Reviews/Metaanalysen.

3. Nennen und erläutern Sie vier typische Probleme des Metaanalyse-Genres.

4. Erläutern Sie den Begriff der randomisierten kontrollierten Studie.

5. Erläutern Sie den Begriff des randomisierten kontrollierten Pre-Posttest Design anhand eines Beispiels.

6. Erläutern Sie den Begriff des Primary Outcome Measures.
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