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A CHECKLIST FOR CRITICAL EVALUATION OF
A RESEARCH REPORT

This checklist contains the elements discussedoist mesearch reports, with routine sections such
as “Theory” (or “Literature review”), “Methods”, “6sults”, and “Discussion”, in that order.
Although it is useful to have an evaluation chestkthat follows the order of the report that is
evaluated, a slightly different order for evaluatie used here, mainly for didactic reasons.

Checklist for evaluation
1. Is this a study of the hypothesis?
a. Does the unit of analysis in the study correspoitl the focal unit of the hypothesis?
b. Are the independent variable (IV) and dependeniabé (DV) formulated in the
hypothesis measured in the study?
2. What is the size of the effect that is observethis study?
a. lIs an effect size reported that reflects the r@habetween IV and DV?
b. Is it a non-standardized or standardized effeetsiz
c. How precise is the estimation of the effect sizdéroother words, what is the confidence
interval?
3. How are results presented and interpreted?
a. Does the report give the relevant information (@fféze and confidence interval)?
b. Does the report give superfluous information (digance test)?
c. Does the report’s interpretation of the study’sitissdepend on significance or
confidence interval?
4. What is the study’s research strategy?
a. Does the hypothesis entail a causal claim?
b. Does the study’s research strategy generate evedbaatcan support a causal claim?
c. Is the effect size parameter consistent with tseaech strategy?
5. Which population is studied?
a. Isthe population a part of the theoretical domain?
b. Is the population exactly defined and are its ottaréstics specified?
c. Isthe whole population studied (“census”) or a i@
d. Isthe sample a probability sample?
e. Are there missing cases (“non-response”)? How many?
6. How are the IV and DV measured?
a. Does measurement rely on informants or respondents?
b. Are informants or respondents trustworthy?
c. Are measurements valid?
d. Are measurements reliable?
e. Are measurements accurate?
7. Are results inferred to the study’s population énly
a. Does the report make claims beyond the studiedlptipn (i.e., a larger population;
another population; the theoretical domain; tharij?
b. Is the theoretical domain assumed to be homoger@dusterogeneous?
c. Are results compared (or synthesized) with thosatloér studies?
d. What is the practical relevance of the observeecft)?



Note that this checklist consists of questionse¢@$ked about the study that is reported, and does
not yet mention the criteria by which the answershese questions should be evaluated. These
criteria will be discussed in the various chaptdrghis book.

Chapter 1 discusses (a) the four elements of a hypothesgishéxoncept of “effect size”; and (c)
bad (significance testing) and good (estimationysaat analysing and presenting observed effects.

Chapter 2 discusses research strategies. If the hypothetssea causal claim, then the research
strategy should generate results that can be netexgh as evidence for it. (Not all research
strategies do this.) Different research strategeeerate different types of effect size.

Chapter 3 discusses populations (including sampling and mgssases) and measurement.

Chapter 4 discusses the claims that can be developed bastt aasults of a study, and how a
study’s result should be compared and synthesizétiose of other studies (“meta-analysis”).



CHAPTER 1
HYPOTHESIS AND EFFECT SIZE

This chapter consists of three parts that corredpath questions 1 to 3 of the checklist for the
critical evaluation of research reports.

Checklist for evaluation
1. Is this a study of the hypothesis?
a. Does the unit of analysis in the study correspoitd the focal unit of the hypothesis?
b. Are the independent variable (IV) and dependeniabé (DV) formulated in the
hypothesis measured in the study?
2. What is the size of the effect that is observethis study?
a. Is an effect size reported that reflects the r@habetween IV and DV?
b. Is it a non-standardized or standardized effeetsiz
c. How precise is the estimation of the effect sizdéroother words, what is the confidence
interval?
3. How are results presented and interpreted?
a. Does the report give the relevant information (@fféze and confidence interval)?
b. Does the report give superfluous information (digance test)?
c. Does the report’s interpretation of the study’sitissdepend on significance or
confidence interval?

1.1 Theory and hypothesis

Most studies that report empirical evidence regayda “hypothesis”, present themselves as
“theory-testing” studies. What is theory-testingdavhy would one do it? One form of empirical
research is aimed at describing one or more fag@rding some unit of interest, for instance, the
proportion of members of a population who adhera $pecific opinion (in an opinion poll); the
average productivity in an economic sector (in poreof a national statistical institute); the
success rate of a specific type of project (in mmual report); etc. This descriptive aim requires
(a) that the unit of interest is specified, a “plapion” of people in an opinion poll (e.g., the Dt
adult population), or a population of companiegimeconomic sector (in a report of a national
statistical institute), or a population of projedfsa specified kind in a company (in an annual
report of that company), and (b) that one or maariables” (a person’s opinion; a company’s
productivity; a project’s success or failure) areasured in each member of that population (or in
a probability sample from the population). Often,implicit or explicit aim of such descriptions
is to compare, either between populations; betwaembers within a population; or between
different points in time. In some populations (@specific parts of them) the proportion of people
that adhere to an opinion is higher than in othBreductivity appears to be higher in some
economic type of company than in another type. Juexess of some types of project is higher
than of others. When such a comparative stateradotmnulated, it is (at least implicitly) assumed
that the stated difference (between different pafpohs or between different types of members of
a population) is large enough to bother.



If such a comparative statement is empirically fbtm be true in several descriptive studies, one
might begin to believe that the statement repraserifact”, a difference that probably exists in
any similar population. Then such comparative dpgons might be presented as “stylized facts”
or “empirical generalizations”: women tend to h#tvie opinion more than men; companies of this
type are more productive than other types; projetthis type tend to be more successful than
other types.

“Theory” emerges from an empirical generalization as sa®the generalization moves from a
summary of what can be seen in empirically obsempagulations (women tend to have this
opinion more than men in each of the observed @jouis; etc.) to a claim about what will be the
case innot yet observegopulations (so, we expect that women tend to hlaxgeopinion more
than men in all populations, not only in the ortest have been observed). A generalization of the
latter form is a claim, not a summary of empirichkervations. A theoretical statement, thus, is a
claim about what might be the case in not yet obserwedt®ons (usually populations). The
simplest form of theoretical statement is a cldiat there is a difference between types of cases
(persons, companies, projects, etc.) in all orspecified set of situations.

The implicit assumption in a theoretical claim abauifference between types of cases is that
this difference is large enough to bother. In otherds, thesize of the stated difference matters.
And if a difference is large enough to be relevéman usually it is almost always large enough to
be subject to attempts to change it. If some tyyfgwojects (type A) are more successful than
other types (type not-A) to an extent that mattdrsn this is an invitation to try to change not-A
type projects into type A ones.

Hypothesis

A common format of a theoretical statement is “Jdssociated with Y” indicating that, in general,
cases with a higher value of X have a higher (arely value of Y. An example is “A larger
workforce is more efficient than a smaller one”,iethnormally means “In cases with a larger
workforce there will also be a higher efficiencyhe fact that the concepts in a theoretical
statement, such as X (e.g., size of the workfamo€)Y (e.qg., efficiency), can have different values
(different sizes) means that they saeiable attributes. Formulated in general terms, a thexalet
statement predicts a probability of specific valoésan attribute (Y) given a specific value of
another attribute (X). The fact that the concepta itheoretical statement are attributes implies
that they are attributes of some entity (i.e., mgany or business unit in this example). We will
call that entity the focal unit” (FU) of the statement.

A theoretical statement formulates relations betwée values of attributes of the focal unit. The
focal unit should be specified in the theoreti¢datement, e.g.,Manufacturing companiesith a
larger workforce will also be more efficient”. Walcsuch a statementta/pothesisif it is a
general statement of the association between XYand all instances of the specified entity.
“Manufacturing companies with a larger workforcdl\also be more efficient” is a hypothesis if
it, in principle, is a claim about all manufactugiocompanies, at all times, for all types of product
in all economic sectors, all over the world, efcthis hypothesis is thought to be true for only
specific types of manufacturing (e.g., manufacimh computers) and only for those units of a
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company that are directly involved in manufacturargl sales (and not, e.g., the parts that also
provide banking services to clients), then thisusthdoe specified in the hypothesis, as in: “For
business units that manufacture and sell compuiaits with a larger workforce will also be more
efficient”.

A theory is a coherent and consistent set of theoretictdsents ljypotheseésabout a&ocal unit
i.e. it is a set of statements about probabilitethe values of attributes of the focal unit githe
values of other attributes of that unit.

Other examples

1. “A tangible resource-seeking alliance is moteely to deploy high levels of output and process
control”. This hypothesis states that we can better prétidievel of output and process control of an
alliance if we know its aim than when we do notwrib Or, in the more technical terms of this cleapt
“For focal unit “alliance”: if the value of attrilte X (the aim of the alliance) is “resource-seekitige
value of attribute Y (the extent of its output grdcess control) will be higher than with otherues

of X (other aims)”.

2. “Affective commitment to change is negatively mdito turnover intentions™This hypothesis states
that we can better predict the turnover intentioihemployees if we know their affective commitment
to change than when we do not know it. Or, in otherds: “For focal unit “employee”: if the value of
attribute X (an employee’s level of affective cortnmént to change) is high, the value of attribute Y
(the desire to quit the company) will be lower théth lower values of affective commitment”.

It follows that each theory is defined by four asgeits focal unit, its domain, its concepts (Whic
represent variable attributes of the focal unit)d aelations between concepts as specified in
hypotheses. Each of these aspects will be discusgedn more detalil.

Thefocal unit, i.e. the unit or entity about which the theoryniollates statements, can be very
different things, such as activities, processegney persons, groups, organizations. If, for
example, a theory is formulated about “critical Gss factors of innovation projects”, then
innovation projectis the focal unit. Within a theory, the focal ushould not vary. A theory
predicts values of attributes of that focal undt of other units. A theory about “critical success
factors of innovation projects”, for instance, ig tefinition a theory about characteristics of
innovation projects, not of other things or ensitseich as products, companies, teams, etc. A clear
specification of the focal unit is very importantthe design of a theory-oriented study because
this defines the type of entity about which datestrhe collected. For estimating the size of the
effect entailed in the claimA’ tangible resource-seeking alliance is more liklydeploy high
levels of output and process contrafata must be collected about alliances, not abthéro
entities. For estimating the size of the effectdat in the hypothesisAffective commitment to
change is negatively related to turnover intentiodata must be collected about employees, not
about entrepreneurs, students or companies.

Question 1a of the checklist for critical evaluation of a raseh report refers to this
criterion: Does the unit of analysis in the study corresporith whe focal unit of the
hypothesis?Af not, then the study has no value for you if yeant to find empirical
evidence regarding the hypothesis and hence thg san be discarded in your study.



Thedomain of a theory is the universe of the instances offtical unit (‘case¥) for which the
hypotheses of the theory are assumed to be treshdindaries of this domain should be specified
clearly. For instance, if a researcher developiseary of critical success factors of innovation
projects, it must be clearly stated whether itlésnsed that this theory applies to all innovation
projects, or only to innovation projects of speactfypes, or only in specific economic sectors, or
only in specific regions or countries, or only pesific time periods, etc. Hence the domain might
be very generic (e.g. all innovation projects ireabnomic sectors in the whole world at all times)
or quite specific (e.g. limited to innovation proig in a specific economic sector, in a specific
geographical area, or of a specific type, in a $jggueriod).

Examples

1. “A tangible resource-seeking alliance is moreely to deploy high levels of output and process
control”. This hypothesis is a claim about alliances inegeh It is not a claim about a specific type of
alliance such as alliances in a specific economitcs (e.g., airline alliances) or in specific ctyigs
(e.g., US alliances). If this hypothesis is trimrt it is true for alliances in all economic sestand in

all countries and at all times. If the claim isrfarlated from the outset as only applicable to @ifpe
type of alliance, then this should have been sjgetih the wording of the hypothesis.

2. “Affective commitment to change is negatively rdiato turnover intentions This hypothesis is a
claim about employees in general. It is not a clalmut a specific type of employee (e.g., manual
laborers or white collar workers), or about empks/en a specific economic sector (e.g., dockworkers
or airline pilots) or in specific countries (e.the US workforce). If this hypothesis is true, thers
true for employees in all types of jobs, in all momic sectors, in all countries and at all timéshé
claim is formulated from the outset as only apgileao a specific type of employee, then this stioul
have been specified in the wording of the hypothesi

Question 5a of the checklist for critical evaluation of a raseh report (to be discussed in
Chapter 3) refers to this criteriols the population a part of the theoretical domaih?
not, then the study has no value for you if you ttarfind empirical evidence regarding
the hypothesis and hence the study can be discardedr study.

The conceptsof the theory designate thariable attributes of the focal uniThey specify the
“topic” of the theory. "This is a theory about (topthe determinants of success of a project.”
“This is a theory about (topic) the effects of mya high ... in companies.” An attribute described
by a concept can be absent or present, smallarger, etc. For instance, if the research topic is
“critical success factors of innovation projectisé factorsthat presumably contribute to success
are variable attributes of these projects. In @astance of the focal unit, these factors can be
present or absent, or present to a certain exds, successs a variable attribute of the focal
unit “project”, which can be present or absentp@sent to a certain extent, in each instance of
the focal unit (i.e. in each specific innovatiomject). The attributes that are designated by the
concepts of the theory must definedto allow for the measurement of their value inamses of

the focal unit (cases). When the value of a conisapeasured in such cases, it is calledréable.

For instance, in a theory of critical success fectaf innovation projects, the concept “project
outcome” needs to be defined such that it is chdaat counts as a “successful’” outcome and what
does not. The “factors” must be defined as wellthst we can measure the extent to which each
factor is present.



Question 1b of the checklist for critical evaluation of a raseh report refers to this
criterion:Are the independent variable (IV) and dependenaée (DV) formulated in the
hypothesis measured in the studfyfot, then the study has no value for you if weant

to find empirical evidence regarding the hypothesid hence the study can be discarded
in your study.

The hypothesesof a theory formulate relationsetween the concepts (i.e., between variable
attributes) of the focal unit. In the typical cabet not always, this relation is a causal one. A
causal relationis a relation between two attributes X and Y obeal unit in which a value of X
(or its change) results in a value of Y (or inak&nge).

Question 4a of the checklist for critical evaluation of a raseh report (to be discussed in
Chapter 2) refers to this criterioDpes the hypothesis entail a causal claiiingd, then
this has implications for what is a good or a lgssd research strategy.

A hypothesis can be visualized by meansajraceptual model Usually such a conceptual model
has inputsifidependent conceptson the left hand side and outpulggendent concepison the
right hand side, linked to each other by arrows guant to the dependent concepts. The arrows
are indications of the direction of the causaltretabetween the concepts. The nature of these
arrows needs to be defined more precisely in theliwg of the hypotheses of the theory.

The simplest building block of a theory is a singyg@othesis that formulates the relation between
two concepts. A hypothesis can be visualized dsvist

Regarding focal unit FU: Determinant J Outcome

This simple model visualizes the hypothesis thragli cases of the focal unit FU, concept X (the
determinant or “independent concept”) has an effectoncept Y (the outcome or “dependent
concept”). The unidirectional arrow represents assumption that a cause precedes an effect.
Because effects are assumed to “depend” on caheegrm “dependent concept” is used for the
outcome Y. Causes X are assumed to be “independenti their effects, hence the term
“independent concept”.

Note that this simple model does neither speciéydbntents of the hypothesis nor the possible galue
of the concepts. If it is presented in this ways ihormally assumed that X and Y are intervalatior
variables and that the relation between them isalaprobabilistic and positive: “Higher X will on
average result in higher Y”. Because other typesoatepts and other types of relation are posstble,
is necessary to add more specifications in the médeterminant X (or Y)” should be specified as
“Extent of X (or Y)” or “Presence of X (or Y)” omether specification of the (range of) values trat
covered by the hypothesis. Furthermore, a sigrofipbsitive; — for negative) must be added to the
arrow in the model.

Note also that the focal unit (e.g., “innovatiomjprct”) is not depicted in the model itself because the
model represents only the variable attributes (ept®) of which the values are linked in the theory,
and not the invariable entity about which the tg@sformulated. For this reason, the model isgred

by a statement about the focal unit. The domaimjsied.



More complicated conceptual models might depictatiehs between a larger number of
independent concepts X1, X2, X3, etc., and depdnmercepts Y1, Y2, Y3tc. For instance, in
a conceptual model of the “critical success factbianovation projects”, the model would depict
a number of different factors (X1, X2, X3, etc.) the left hand side, “outcome” (as defined
precisely) on the right hand side, and an arrogimating from each factor pointing to “outcome”.
Other models might be used to depict more compédations such as with moderating or
mediating concepts.

Note that the word “theory” is used loosely in therature and often refers to sets of statemdras t
are not “theory” as defined here. For instancegdties” such as “the resource based view” or
“transaction cost theory” are perspectives, nat eéprecise hypotheses with defined concepts.

Here follow a number of hypotheses that have beemulated and investigated by Bachelor
students in the Research Training & Bachelor Thesisrse at the Rotterdam School of
Management. For each of these hypotheses, the tougl domain, concepts, relations, and
conceptual model are specified in the followingrapées; and conclusions are drawn regarding
the unit of analysis and variables in a researpbrte

Example 1

Hypothesis: “A tangible resource-seeking alliance is more kel deploy high levels
of output and process control”

Focal unit: Alliance

Domain: All alliances in the world, in all economic seapm all countries, at all
times

I ndependent concept: Type of resource that is sought in the allianceditale versus intangible)

Dependent concept: Extent to which output and process control is used

Relation: Probably causal, probabilistic, positive

Conceptual moded!:

Type of resource| Extent of output and

Regarding focal unit alliance: ;
that issough process contr

A study of this hypothesis must be a study of auteton ofalliances(or a sample from that
population) and must measure for each member optipailation (or sample) (a) the type of
resource that is sought and (b) the extent of dwtpd process control.
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Example 2
Hypothesis:

Focal unit:

Domain:

I ndependent concept:
Dependent concept:
Relation:

Conceptual moded!:

Regarding focal unit employee: Extent of affective > | Strength of the

“Affective commitment to change is negatively relhtto turnover
intentions”

Employee

All employees in the world, in all types of joh,all countries, at all times
Extent of affective commitment to change (from aball to very much)
Strength of the wish to quit (from not at all taywenuch)

Probably causal, probabilistic, negative

commitment to change wish to quit

A study of this hypothesis must be a study of autettpon ofemployeegor a sample from that
population) and must measure for each member opdpelation (or sample) (a) the extent of
affective commitment to change and (b) the strenfthe wish to quit.

Example 3

Hypothesis:
Focal unit;
Domain:

I ndependent concept:
Dependent concept:
Relation:

Conceptual modd!:

Regarding focal unit city (etc.): Crimerate | - | House price

“Higher crime rates have a negative effect on hquises”
Neighborhood or city or region

All neighborhoods (cities, or regions) in the vebrin all countries, at all
times, of all types

Crime rate in the neighbourhood (city, or region)

(Average) price of a house in a neighbourhood (cityegion)

Causal, probabilistic, negative

A study of this hypothesis must be a study of autetpn of houses(or a sample from that
population) and must measure for each member gbdpelation (or sample) (a) crime rate and
(b) the average house price.
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Example 4
Hypothesis:

Focal unit;
Domain:

I ndependent concept:
Dependent concept:

Relation:

Conceptual moded!:

Regarding focal unit entrepreneur:

“The way entrepreneurs allocate their time is iaficed by their tendency
for mental accounting”

Entrepreneur

All entrepreneurs in the world, in all countries all times, in all business
types

The extent to which a person evaluates costs amefibeof activities

The time allocated to work-related activities (wsr®ther activities such
as leisure and family-related) under a time coirgtra

Causal, probabilistic

Extent of mental Time allocated
accountin to work

A study of this hypothesis must be a study of ayetpn ofentrepreneurgor a sample from that
population) and must measure for each member opdpelation (or sample) (a) the extent of
mental accounting and (b) the time allocated tokwor

Example 5
Hypothesis:

Focal unit;
Domain:

I ndependent concept:
Dependent concept:
Relation:

Conceptual moded!:

Regarding focal unit consumer:

“Consumers with higher loyalty to a brand respongrenfavorably to
brand extensions in general and to “distant” exterssin particular”
Consumer

All consumers in the world, in all countries, #ittanes, in all types of
consumption

The degree of loyalty to the brand

Level of intention to purchase a (distant) brantéesion

Causal, probabilistic

Degree of loyalty Purchase
to the bran intentior

A study of this hypothesis must be a study of autetppn of consumergor a sample from that
population) and must measure for each member opdipelation (or sample) (a) the degree of
loyalty to the brand and (b) level of intentionpiorchase a (distant) brand extension.
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You are now able to select research reports teatdevant for your project, in the sense that they
potentially contain empirical information about ydwypothesis, and distinguish these from reports
that do not contain such information because th&yysanother unit of analysis or do not measure
both variables in that unit.

In the following it is assumed that you are evahga report that has “survived” Question 1 of
the checklist. We can now move to question 2.

1.2 Effect size

In the discussion about the four elements of a thg®sis in section 1.1 above, no mention was
made of the size of the effect. However, a hyposh&sch as “Regarding focal unit FU: X causes
Y” is only a shortened version of the theoretidalm that “Regarding focal unit FU: a change in
X has an effect on Yf a size that matters’. The extent to which an effechattersis largely
dependent on the managerial or practical implicatiof the effect.

Managerial relevance

A hypothesis predicts or explains probabilitiesates of attributes of a focal unit. Why are such
predictions made, and why would you want to know/gtze of an effect? The obvious answer is
that there are many situations in which it mattensit the value of an attribute is. For instance,
referring to some of the examples above, we wowoltmally prefer lower turnover intentions
rather than higher ones; higher house prices rdkizer lower ones (if we sell or broker); more
efficient allocations of time rather than less @ént ones; and higher purchase intentions rather
than lower ones. If a researcher develops a tredmoyt a determinant of the extent to which output
and process controls are used in an alliance, weatxhat this extent matters to people involved
in alliances.

If the value of an attribute matters in practideert it is likely that one would like to be able to
manipulate that value. This is the reason that ntlaegries are implicitly, if not explicitly, causal

in nature. If the value of one attribute is caysedlated to the value of another attribute, then i
becomes possible (at least in theory) to achieheglaer probability of a desired value of one
attribute by manipulating the value of the othénilatite. In that sense, causal theories have higher
managerial relevance than non-causal theories.

Example 2: “Affective commitment to change is niegat related to turnover intentionsff this effect

is large enough, then it makes managerial senseatfeonpt) to increase the average affective
commitment to change in a workforce because thighinjmore likely than not) result in a lower
turnover in the company (if a lower turnover isiced).

Example 3: “Higher crime rates have a negative @ffen house prices’lf this effect is large enough,
then it makes real estate sense (to attempt) teease the crime rate in a neighborhood because this
might (more likely than not) result in higher hoyséees in the neighborhood (if a higher houseepric
is desired).
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Example 5:*Consumers with higher loyalty to a braredpond more favorably to brand extensions in
general and to “distant” extensions in particularif this effect is large enough, then it makes
marketing sense to be careful with brand extensg@n®ng as the average brand loyalty is relatively
low (assuming that brands attempt to increase tpgalyway irrespective of whether they contemplate
brand extensions).

Note that the hypothesis in both Examples 1 amdséction 1.1 are causal, but that it is not clear
how the independent concept could be manipulatedder to achieve an effect in the dependent
variable. Managerial relevance is here mainly mtadd: “this is what you can expect”.

Almost all hypotheses in business research areapitidtic in kind, which means that they do
not predict the value of Y in a single case (e¥eha value of X in that case is known), but only
the average value of Y in a set of cases with aip@alue of X. This means in practice that the
managerial relevance of hypotheses is normally niigiher for managers with a portfolio of
cases than managers who manage only one or tws. case

Example 2: “Affective commitment to change is neght related to turnover intentionsThis effect,

if large enough, is relevant if a manager wantslégrease the average level of turnover in the
workforce. It is much less relevant if that managents to keep an individual employee with a high
value for the company. The latter could be a membarminority of employees that have a high level
of commitment to change and also a high desiraito q

Example 3: “Higher crime rates have a negative @ffen house prices This effect, if large enough,

is relevant if a local government or a real estiecloper wants to raise the average house priae in
neighborhood. It is much less relevant for indidtimouse owners who want to raise the price of thei
own homes. Their home could be one of minority afides that have a low price irrespective of the
level of crime in the neighborhood.

Note that the managerial relevance of a hypothesispendent on the strength or “effect size” of
the relation between the two attributes. If a lamgeease of affective commitment to change
results in only, say, one percentage point decreagenover (on average), then the managerial
relevance of the hypothesis is doubtful (eveneféhis some effect). Similarly, if a huge decrease
in crime in a neighbourhood results in only, saye percentage point increase in house prices (on
average), then it is doubtful whether the hypothesrelevant (even if there is such an effect) for
a local government or a real estate developer. i(@ly, there might be other good reasons for
trying to bring down the crime rate in a neighbaoti.)

Note also that this (more or less subjective) edion of the practical relevance of a theoretical
statement is also dependent on the costs invotvdteimanipulation of the independent variable.
If affective commitment to change could be influetidy a cheap and simple method such as
sending an email message to all employees in whiep are praised for their efforts, then it is
relevant to know that the resulting higher commitite change has a negative influence (though
perhaps small) on the desire to quit. Howeverydinea small decrease in crime rate requires huge
investments in surveillance and other measures,ttieeeffect of such a decrease in the crime rate
on house prices should be considerable to makessuitivestment worthwhile. (Again, obviously,
there might be other good reasons for that investine
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If a hypothesis is considered potentially relevami if it is determined how strong the causal
effect should be in order to achieve the desireel lef relevance, then it becomes useful to conduct
studies in which the actual effect size is estimhat@r managers it is usually (only) useful to know
what the effect size is in the cases which theyaganin contrast, theoreticians and academic
researchers are interested in knowing the effeetisithe (much larger) theoretical domain.

Effect size measures

Most effect sizes in business research can be gobunpo four categories or types:

1. Measures of association
Main examples: regression coefficient; gamma coleffit; and correlation coefficient.
These effect size measures can be calculatedhifthetindependent variable and the
dependent variable are of a ratio type (or arddrkas such, for instance if a nominal
variable is treated as a dummy variable in a resgpasanalysis).

2. Differences between means
Main examples: the difference between means ofdmmore experimental groups; and
differences between means of groups defined bgdtegories of a nominal variable
(such as gender, or type of alliance).

3. Differences between proportions
Main examples: abnormal returns in event studied;differences between proportions
of groups defined by the categories of a nominahkbée (such as gender, or type of
alliance).

4. Odds ratios and risk ratios
Main examples: differences in success or failutevben groups.

Note that some (not all) of these effect size messcan be expressed in a non-standardized and
in a standardized format. Effect sizes are stanzady expressing them in “scale free” units of
the size of one standard deviation as observetkeistudy. Because standardized measures are
“scale free”, they are more easily comparable betwstudies. However, it is more difficult to
interpret the practical relevance of a standardeféstt size because of the abstract nature of its
units. If we want to assess the practical relevarfi@ observed effect size, it is more intuitive

to express the effect in terms of the actual measant scale.

These measures and their characteristics will beudsed more extensively in Chapter 2. In this
phase of this book, we will confine ourselves tentifying the effect size that is reported in the
study that you are critically evaluating. Thisigually very difficult because most research report
do not clearly report an effect size but somethmegy different: a significance level, usually
expressed in terms pfvalue or t-statistic. Note thatvalues and t-statistics anet effect sizes.

Procedure for finding an effect size in a researcleport
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In most research reports, a number of hypothedébeaviormulated in an early part of the report
(before the “Methods” section) and a conclusionulibese hypotheses will be drawn in a later
part of the report (usually the “Results” sectioffjat conclusion is usually based on a number.
The problem with routine ways of reporting is ttf@s number is usually not the observed effect
size but a significance level. In such cases, ask fas a reader is to find the effect size that is
observed in the study despite the author’s eftortdraw our attention to its “significance”.

Procedure for finding the effect size

1. Identify “your” hypothesis in the report. Usuallynamber of different (though related) hypotheses
are “tested” in one study. Usually these hypothesesiumbered (H1, H2, H3a, H3b, etc.). Your
hypothesis will be only one of them. Identify thenmber of your hypothesis.

2. Find in the report the paragraph (or sentence)allysun the “Results” section, in which a
conclusion is drawn about the hypothesis. Normgty, can easily identify that paragraph because
it mentions the number of your hypothesis (e.g2 tsiconfirmed”).

3. Find a reference to a number on which the conatusggarding the hypothesis is based. If you are
lucky, an effect size is mentioned (b=...; r=...; d=.lf you are less lucky, p-value is mentioned
or a number of asterisks (such as ***, indicatpr®.01). Usually, there is a reference to a table in
which relevant numbers are reported, for instatitable 4 shows that H2 is confirmed (p<0.01)".

4. Find the relevant table; identify the relevant eofuand row (representing your independent and
dependent variables); and find the relevant effizet in the cell defined by your variables.

5. Find out what the relevant effect size measurtsithe effect size that you have identified in the
table a regression coefficient (b=...), a correlatoefficient (r=...), a difference between means
(d=...), etc.?

6. Find out whether the effect size is expressed mstandardized or standardized units.

7. Find (or compute) a confidence interval.

Step 4 in this procedure is crucial and must make shat you can give a positive answer to
Question 2a of the checklist for critical evaluataf a studyis an effect size reported that reflects
the relation between IV and DV?

Step 6 in this procedure results in an answer tes@an 2b of the checklists it a non-
standardized or standardized effect siddf’s is important information for the interpretati of
the study’s result in terms of practical relevaaoel for comparison with effect sizes found in
other studies.

Step 7 in this procedure results in an answer tesfan 2c of the checklisHow precise is the
estimation of the effect size or, in other wordsats the confidence intervallhe width of the
confidence interval is an indication of the premisof the point estimate of the effect size.

If you have been successful, you have now answé&uwektion 2 of the checklist for critical
evaluationWhat is the size of the effect that is observedisnstudy?’ou must be able to express
this effect size in specified units (i.e., it mu clear what the effect size measure is and, if
relevant, whether it is non-standardized or staidad) and, if possible, with a confidence
interval.

1.3 Interpretation of a study’s results
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Part 2 of the checklist (What is the size of tHedadfthat is observed in this study?) is not eviahea
After having answered the questions of that pathefchecklist, you have an effect size and, in
most cases, a confidence interval. You might hadedifficulty in finding this information in the
research report. In Part 3 of the checklist, yollevialuate the relevance of the information about
the effect that is presented and interpreted byailthor(s) and the extent to which relevant
information is missing. Thgeneral rulehere is that information about the observed eféext
and its precision should be foregrounded and tifatration about “statistical significance”, if
presented at all, is not used for interpretatidre hackground of this rule is discussed extensively
in Chapters 1 and 2 of Geoff Cumming’s bddkderstanding the new statistics

If the answer to Question 3a of the checklist fitiaal evaluation of a studyDoes the report give
the relevant information: effect size and confideiderval?y is negative, then it is quite likely
that the author will not discuss an effect size hadce will err in drawing conclusions of the
results of the study.

If the answer to Question 3b of the checkliBbés the report give superfluous information:
significance tesffds positive, then it is quite likely that the authall draw conclusions based on
“significance” and hence will commit the fallacy dfe slippery slope of (non)significance
(Cumming, 2012, pp.28-32).

The answer to Question 3Ddes the report’s interpretation of the study’suks depend on
significance or confidence interval@ives usually a pretty good indication of whettier author’s
conclusions regarding the results of the studybmanonsidered correct and useful. If the report’s
interpretations depend on the effect size andoitdidence interval, then it is not very likely that
these interpretations are wrong. However, if thagrpretations depend on significance, than it
is quite likely that they are (at least partiallyong.Notethat we are talking here about the report’s
interpretations not about the observedsults Hence, it is your task as critical reader to €re=s’
potentially informative and useful results from anthor's misinterpretations due to their
application of significance thinking.
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CHAPTER 2
RESEARCH STRATEGY

This chapter discusses a study’s research strdi@gysing on two main issues:

1. Does the research strategy generate evidenceahaupport a causal interpretation of the
observed effect size? (Question 4b of the checkbistcritical evaluation of empirical
evidence)

2. Is the effect size parameter consistent with tteeaech strategy (Question 4c of the
checklist for critical evaluation of empirical eeiace)

A large majority of hypotheses in business resesr@mplicitly or explicitly) causal in nature. In
the literature it is quite common that authors jungpn an observed statistically significant result
(interpreted as the confirmation of a practicalyevant relation between two variables) to an
advice to managers to manipulate one variable “{titdependent” one) in order to generate a
desired effect on another variable (the “dependent). Therefore, it is important to make a
distinction between types of studies that allowsehinferences and those that do not (or less so).
It will be argued that an experimental approacthes golden standard for generating evidence
regarding a causal claim.

The term fesearch strategy will be used here for types of research thatedifh (a) the type of
claim for which empirical evidence is collected {mw causal versus non-causal claims) and (b)
how such evidence is generated. The main distim¢tiat will be made is between experimental
and cross-sectional (non-experimental) researelegfies, which results in a typology with three
main types: cross-sectional, experimental, andiepigeerimental research strategies. The term
“internal validity ” is introduced to express the extent of fit betw#ee evidence that is generated
in a study and the type of claim that the study esaknternal validity cannot be “measured” but
is the outcome of an argumentation. The researalegly that has the lowest level of internal
validity for generating evidence regarding a caesfact is the cross-sectional study, which will
be discussed first. Then we discuss the experimvgmth is the most internally valid research
strategy for generating evidence regarding a caeffatt. Because, however, there are many
causal hypotheses in business research that chenetperimentally investigated for practical
reasons, the question arises whether there areratheexperimental research strategies that have
a higher internal validity than cross-sectionaésesh. We discuss some of such non-experimental
strategies that are more valid than the crossesedtstudy.

In this chapter it is also shown that each typeeeéarch strategy can be defined by how the rows
(“cases”) and columns (“variables”) are define@icorrespondindata matrix, and that the type
(“scale”) of the variables determines the typeféct size parameterthat is most appropriate in
the study at hand. This implies that designing rgarnally valid study consists of the correct
specification of the rows and columns of a datarinathis makes the data matrix the pivot of a
research project because the first step of actealhgucting a study then consists of filling the
cells of the data matrix with scores.
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2.1 Associations and the cross-sectional study

A very common research strategy in business relséatbe cross-sectional study: a “sample” of
cases is selected; the independent and dependealblga are measured in the sample; and a
multiple regression analysis is applied. This tgbestudy can usually not generate evidence in
support of (or against) the causal direction thatiplied in the hypothesis (i.e. the claim that on
variable has an effect on the other, and not therse, or that the effect is caused by another,
unobserved or “omitted” variable).

Exercise 2.1
Check whether you fully understand the fact thatass-sectional study is not an internally valid
research strategy for generating evidence regaraingusal claim by answering the following
guestions.
* Which causal claim can be supported by the eviddmatgin the Netherlands, villages with a
larger number of cows per inhabitant have alsogetanumber of children per family?
» Swedish researchers found that marriages in whehtsband participates more in household
tasks and in the care for the children have a high®rce rate than marriages with a more
conventional division of labour. Critically discuge conclusion in a Dutch newspaper that
husbands’ higher rate of participation in househwabdk results in a higher divorce rate.

* Interpret the high correlation between job satisfecand job performance.

A cross-sectional research strategy is internadlydv(only) for a study of the simplest type of
hypothesis, namely a study with the aim to assasly)(how much two variables co-vary (i.e.,
how much change in one variable co-occurs withangk in the value of another variable). We
will use the term association for such a co-vasiatMhat type of evidence do we need to support
a claim of an association? If both variables in hlgpothesis are continuous, we can “observe”
such an association in a scatter plot. If the hypsis expresses a positive association (i.egtest
that, on average, a higher value of one variabdsseciated with a higher value of the other), then
the pattern in the following scatter plot (Figuré)2can be seen as supporting evidence. Note that
this example is fictitious and is used here onijltistrate in a very introductory way how a redati
between two variables can be observed in a sqgaltter(See Cumming, p.382 for much more
realistic plots.)

Figure 2.1 Scatter plot showing an association between two variables
Data matrix for a cross-sectional study
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Each point in the scatter plot in Figure 2.1 isied by a value on the horizontal X-axis and a
value on the vertical Y-axis. This implies that fhlet is derived from a data matrix in which for
each case a value for X and a value for Y is sjgekifs in Figure 2.2.

Cases Value of X Value of Y
Case 1l X Y1
Case 2 X Y2
Case 3 X Y3
Case 4 X Ya
Case 5 X Y5
Case 6 X Y6

N = Hx Hy

Figure 2.2 Data matrix defining a cross-sectional study with continuous variables

There are informal ways by which we can, more ss keasily, “see” the association of X and Y in
a data matrix. One way of observing an associdigiween X and Y is ranking the cases in the
data matrix according to their (increasing or dasmeg) value of X and also ranking them
according to their (increasing or decreasing) valiu¥, and then comparing the two rankings. If
the rankings are roughly similar, i.e. if cases @teated high in both rankings (and other cases
low in both rankings), this is evidence of an asstan between X and Y. As shown in Figure 2.1,
another way of “seeing” the association betweem& 4 is plotting the cases in a scatter plot and
then observing the empty corners in the plot: &gp(low X; high Y) and bottom right (high X;
low Y).

The relationship stated in the hypothesis “X isoagged with Y” might be notated as a bi-
directional connection: %Y. In principle, it does not make a difference whia@riable is called

X and which is called Y, and for observing thisdygf relation (if variables are continuous) it does
not matter which variable is on the X-axis and whooe is on the Y-axis. A more formal approach
than just looking at the scatter plot and seeimdpad of data points that is stretched from the
lower left corner of the plot to its upper rightreer would entail plotting a trend line in the $eat
plot. However, we can only talk about an “effea&siif we are able to quantify the strength of the
association.
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Effect size parameters for a cross-sectional studyith continuous variables

It is easy to see an association between two Magab a data matrix and even easier to observe
it in a scatter plot. However, it is another mattogether to determine trsrength of the
association (or its “effect size”). One indicatdrstrength is a value that indicates how much
change in the value of Y is associated with how mtltange in the value of X, on average. The
most straightforward indicator of this type of sigéh is theregression coefficienti.e. the value

of bin the expression thatescribes the trend liney=a+oX. A regression coefficient expresses
the average change of the value of variable Y fitswof Y) that is associated with a change in the
value of variable X (in units of that variable).

An entirely different concept of strength of anasation, which requires an entirely different
indicator, is the precision with which the valueloé one variable in a single case can be predicted
when we know the value of the other variable fat ttase. In practical terms the question is the
following. If we know the value of X for a case acampute the value of Y, using the regression
formula, how close or far off, on average, wouldtthalue be from the observed one? The most
straightforward indicator of this type of strengghthecorrelation coefficient. A correlation of 1
corresponds to the situation in which all casespageisely on a trend line with a positive slope.
A correlation of O corresponds to the situatiomwhich the scatter plot is a formless cloud through
which no trend line can be drawn and hence infaonabout the value of X in a case does not
contain any information about its value of Y, ithe situation that can be expressed by the
expression: Y=ag, i.e., a constant with random variation around it.

Note that the non-standardized regression coeficéd the correlation coefficient represent
entirely different concepts of strength! A very higorrelation can occur together with a very low
regression coefficient, e.g. if all data pointsdie an almost flat trend line, as in the middle of
Figure 2.3.

Figure 2.3 Scatter plotsthat represent different values of correlation.
(Taken from the Wikipedia page on the Pearson mchoment correlation coefficient)
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The second row in Figure 2.3 contains a numbereofdt lines with different slopes (and hence
different non-standardized regression coefficiehtg)all with a perfect correlation of 1. Note that
these scatter plots show a distribution of datatsan a space defined by X and Y in original scale
values and that it is assumed that the X-axis afaXi¥ are the same for all plots in this second
row of Figure 2.3. Differences in slope, then, cade equivalent differences in the non-
standardized regression coefficientStandardized regression coefficients (for bivariate
associations as in this case) are equal to thelation coefficients, and all are equal to 1 in the
second row of Figure 2.3. The explanation for ggsivalence is that moving from the left to the
middle of this row, the standard deviation of Yreduced to the same extent as the non-
standardized regression coefficient (or slopegiticed. Hence, the change in Ystandardized
units stays the same.

In comparison, on the left side of the first rowkmgure 2.3 there are three scatter plots with
different data clouds (and hence different correfe, as indicated by the number above the plot)
but with the same slope. Again, the standardizgdession coefficients in this row are equal to
the correlations, because the standard deviation€ eand Y change accordingly with the
increasing scattering of data points (from thetiefthe middle of the row).

The third row in Figure 2.3 shows relationshipsvimch the linear component is zero and, hence,
both coefficients have the value 0.

It is important to note that the correlation cogéint has no causal direction. It is, thereford, no
an indicator of the likelihood that the value okorariable will change (in a desired direction) by
manipulating the value of the other variable. Clatren has‘predictive” value: the higher the
correlation between X and Y (i.e., irrespectivevbiether it is a positive or a negative correlatjon)
the more precisely we can predict the value of ¥ gase if we know the value of X in that case.
That is, if we know the standard deviations of Xl ah because the Pearson product-moment
correlation (used here) isstandardizedneasure. The strength of the correlation is therse of

the average distance from the trend line. Howdvem the fact that we can “predict” the value of
Y if we know the value of X (a prediction whichrisore or less precise, depending on the strength
of the correlation) it does not follow that we garedict thechangein the value of Y, if any,
following a changein the value of X. Association or correlation dot entail any information
aboutcausal direction In fact, no effect size does contain informatefrout causality. Only
research strategies give such information.

A two-fold conclusion follows:
1. An effect size represents the size or strengthrefadion, or association.
2. The research strategy in which the effect size geseerated allows (or does not allow) to
interpret the relation or association as evidentethe strength of a cause-effect
relationship.

Exercise 2.2
Take one or more research reports and answer libevifog questions.
» Is the hypothesis (implicitly or explicitly) inteed as a causal one?
* Is the research strategy in the study cross-sedfion
» Develop other interpretations of the study’s rethdin that X causes Y.
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We have discussed the logic of cross-sectionaarebeand of correlation and regression with the
simple example of a bivariate association (i.easgociation between only two variables). In actual
research practice, it is always assumed that ablariof interest Y is associated with a large
number of other variables X1, X2, X3, etc., whidrshould be included in the study. Confusingly,

the main argument for the inclusion of multipleightes in a cross-sectional study is usually an
argument about causes: Y is supposed to have teutiiuises, or a number of “determinants” or
“antecedents”. This type of causal argument is ioitpgh the use of multiple regression analysis
in the standard research paper. Multiple regresgchniques are used routinely in order to
“explain” the variance in the value of a “dependerdriable by the variance in the values of

multiple “independent” variables.

How does the inclusion of multiple “independentitiahles change the study? It hardly does, as
long as we analyze each additional variable seglgirathe data matrix is expanded with a number
of columns. These columns (for X1, X2, X3, etcg apot different in principle from the column
for X in the data matrix presented in Figure 2.2.association between Y and X1, X2, X3, etc.,
can informally be observed by ranking the caseléndata matrix according to their (increasing
or decreasing) value, and then comparing the rgskas in the bivariate case. Also, scatter plots
can be made for each association. But things geé mmomplicated if we want to compare the
different strengths of these different associatidrexcause the results of a multiple regression
analysis cannot be presented in a bivariate sqaltier

A multiple regression analysis produces a regrassoefficient for the regression of Y on each
“‘independent variable” X1, X2, X3, etc., that isofoected” for the co-variance of the other
variables included in the analysis. Because thigection is often formulated as a correction for
the “influence” of the other variables, the implisiiggestion of causality is even more easily made
than in a bivariate regression analysis. Non-statizked regression coefficients cannot be
compared because each “independent” variable kBaswh scale in which one unit means
something radically (and incomparably) differeiifra unit on the scale of another “independent”
variable. For this reason it is quite common tod#adize the regression coefficients in a multiple
regression analysis. If we compare standardizetesspn coefficients we are still comparing
fundamentally incomparable relations (“apples aearg’; such as the “influence” of the size of a
firm on its performance with that of its distancer a port) but we compare them on one common
denominator, namely in terms of their observedarane.

However wide the variances of variables might djffteese variances are made equal through
standardization. If a standardized regressioffficamt for X1 is larger than for X2, this means
that a typical variation in the value of X1 expkumore of the variation in the value of Y than the
typical variation in the value X2 does. Standardizegression coefficients can be transformed
into partial correlations in, in principle, the samay as by which a bivariate regression coefficien
can be transformed into a correlation coefficient.
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Effect size parameters for a cross-sectional studyith a nominal variable

If one of the variables in the hypothesis is nattowous, the (informal) ranking of cases and the
(more formal) plotting of a trend line are not pbks Take the following hypothesis that was
discussed in Chapter 1: “A tangible resource-segéliiance is more likely to deploy high levels
of output and process control”. Assume that X anldaye been observed in all members of the
population of US airline alliances. Assume alsa tha population has six members. The data
matrix could like look the one in Figure 2.4.

Cases Value of X Value of Y
(T = tangible; (level of control;
| = intangible) scale from 1 to 7)

Alliance 1 T 6

Alliance 2 T 4

Alliance 3 T 2

Alliance 4 I 5

Alliance 5 I 3

Alliance 6 I 1

N =6 T=50%;1=50% | pu=35

Figure 2.4 Data matrix defining a cross-sectional study
with one discontinuous variable

In this population, an association between theaslf X and Y can be observed by comparing
the average level of control between the two graafpalliances (tangible resource-seeking and
intangible resource-seeking alliances). The obskawerages of level of control in this example
are 4.0 in the tangible resource-seeking alliarane$ 3.0 in the intangible resource-seeking
alliances. In the analysis, therefore, we would cadtulate the trend line but just compute the
difference between the meansf the two groups.

Definition of a cross-sectional study

When we estimate correlation coefficients and regjom coefficients, or differences between
means, in cross-sectional studies, we assume dlsasare “comparable”, i.e. that there are no
other relevant determinants of X and Y that diffetween cases. Because cases in the data matrix
must be “comparable” or “similar in relevant reggécall cases in the data matrix should be
members of a specified population, i.e. a poputatiowhich cases share the characteristics that
define it. For instance, in a study of a hypothedisut firms (i.e. the focal unit is a firm), we
should generate a data matrix of firms that are be¥mof the same population, e.g. firms in a
specific economic sector, in a specific countryemion, of a specific size, etc. In other words, th
data matrix that we need for a study of an associa the data matrix that is generated in a study
of a specific population in which X and Y are ohv&al (or “measured”) for each member of that
population at one point in time. Hence, define the cross-sectional study as a research strategy
in which values of the relevant variables are oles@iin all members (or in a probability sample
of members) of @opulation of instances of a focal unit.
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Summarizing this discussion of the analysis of eis$ion, the preferred research strategy for
studying an association is a cross-sectional stlidg.values of variables X and Y are observed
(“measured”) in all members of the population (‘&st3, or in a probability sample. The observed
values are entered in a data matrix with as mawg s there are cases and with as many columns
as there are variables in the hypothesis.

When all variables are continuous, the effect paeameters of interest are the regression
coefficient (which, however, easily suggests a ahrtedation even though such a relation cannot
be assessed in this research strategy) and thelatarn coefficient. Both coefficients can be
generated in a bivariate and multivariate analy@isly standardized regression coefficients are
comparable. Correlation coefficients are alwaysddiadized by definition. There is nothing wrong
with regression analysis in itself as a tool fosatéing the mathematical characteristics of a
relation between two variables. There is, howewaer,almost unavoidable — but unjustified —
suggestion of causality as soon as the researelsaiidtided that Y is regressed on X rather than
XonY.

When one of the variables is not continuous, tlecefsize parameter of interest is usually a
difference between means.

2.2 Causal relations and the experiment

An association between two variables might be edtais a bi-directional connectionsX. It
does not make a difference which variable is caleahd which is called Y, and for observing
this type of relation (if variables are continuoiig)oes not matter which variable is plotted oa th
X-axis of a scatter plot and which one is on thex¥s. However, the most common hypothesis is
a causal one: “X causes Y” or “Higher values ofaXise higher values of Y”,2¢Y. As suggested
by the arrows in the conceptual models of the exesngf hypotheses in Chapter 2, each of them
is probably meant as describing a causal relatraniiding those of which the explicit wording
only formulates a mere association between X and Y.

A cross-sectional study is not an internally vakdearch strategy for studying a causal relation.
Take, for example, the following hypothesis diseasabove: “Consumers with higher loyalty to
a brand respond more favorably to brand extensiorgeneral and to “distant” extensions in
particular.” A non-causal association between these variables can be observed in a cross-
sectional study. Assume that Coca Cola has exteitddatand to shoes (“Run to success on
Coke!”). A population of Coca Cola consumers cdoddselected. This could be, for instance, a
class of students in business administration. ltgytal the Coca Cola brand and the intention to
buy Coke shoes can be observed (measured) in é#oh students in this population and a trend
line can be drawn. If this line has an upward s|dipie is evidence of an association between brand
loyalty and purchase intention. But this assocraisonot necessarily evidence afausalrelation.

If we want to generate evidence of a causal relatie need a research strategy that allows us to
see in the data affect(i.e. a change in Y) that followscause(i.e. a change in X). This requires
an experimental approach. Tlegperiment is a research strategy in which the value of an
independent variable is manipulated and, nexty#hge of the dependent variable in each of these
instances is observed. The word “next” is crucetduse causality implies a temporal order: the
effect cannot precede the cause.
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Data matrix for an experimental study

An experimentis a research strategy in which values of thepeddent variable are manipulated
in instances of the focal unit (recruited from aafied population) and (changes of) values of the
dependent variable are observed in these instahtgbe most commonly used experimental
design, the independent-groups design, the marnipulaf the value of the independent variable
takes place in two (or more) experimental groupsseS should be randomly assigned to these
groups, then each group gets a “treatment” and, ies observed what the value of Y is in these
cases. This procedure results in as naatg matricess there are groups. Figure 2.5 is an example
of two matrices in the simplest form of an indepamelgroups experiment (with two groups, e.g.,
one “experimental” and one “control” group). Indlexample there are two matrices, one for each
group that is defined by a value of X @nd x) that is assigned experimentally.
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Group 1. X=xg Group 2. X= X2

Cases Value of Y Cases Value of Y
Case 1.1 Y1 Case 2.1 M1

Case 1.2 Vo Case 2.2 )

Case 1.3 V3 Case 2.3 A3

Case 1.4 Va Case 2.4 ¥a

Case 1.5 Vs Case 2.5 M5

= M x1 N = L x2

Figure 2.5 Data matrices defining a two-independent-groups experimental design

An example

Experimental research is difficult. For instanddsialmost impossible to manipulate someone’s
loyalty to an existing brand (such as Coca Colagkmight be so much ingrained in a customer
that it can even be considered a part of someaahersgity. It is also difficult to “control” for otar
factors than brand loyalty that might influence some’s intention to purchase a brand extension
(such as, e.g., negative newspaper reports abeuttiality of Coke shoes). Students who
empirically investigated (a version of) the hypaiiseé‘Consumers with higher loyalty to a brand
respond more favorably to brand extensions in gareard to “distant” extensions in particular”,
therefore, invented a fictional brand (Alpha, famdecause of its shampoo line) with an equally
fictional brand extension (Alpha sporty digital wla}y. Subjects for the experiment were recruited
from the population of students in business adrration at the Rotterdam School of Management
(N=30). These subjects were randomly assignedrée texperimental groups (N=10 each). Each
group received a “treatment” which resulted inpeedively, a low, medium and high level of
loyalty to the Alpha brand. (Technical details sashhow and why this “treatment” works are not
discussed here.) Next, each subject was given @igiésn of the Alpha sporty digital watch.
Finally subjects were asked how likely it was tthety would purchase the watch. This score was
entered into the matrix. Assume that the strenfitheopurchase intention was measured on a scale
of 1 to 10. The data matrices could look like tbkofving.

|  Group 1. Lowloyalty | Group 2. Medium loyalty | Group 3. High loyalty |




Cases Purchase Cases Purchase Cases Purchase
intention intention intention
Student 1 1 Student 11 3 Student 21 6
Student 2 1 Student 12 3 Student 2 6
Student 3 2 Student 13 4 Student 23 7
Student 4 2 Student 14 4 Student 24 7
Student 5 3 Student 15 5 Student 25 8
Student 6 3 Student 16 5 Student 26 8
Student 7 4 Student 17 6 Student 27 9
Student 8 4 Student 18 6 Student 28 9
Student 9 5 Student 19 7 Student 29 10
Student 10 5 Student 20 7 Student B0 10
N=10 u ow=3 N=10 u mediun=2 N=10 u high=8

Figure 2.6 Data matrices of a three-independent-groups experimental design

In these three connected matrices, an associativvebn the values of X and Y can be observed:
the average level of purchase intention is 3.énlow loyalty group, 5.0 in the medium loyalty
group and 8.0 in the high loyalty group. This agsian itself cannot be seen as evidence of a
causal relation. However, the fact that none ob¢hsubjects could have had a loyalty to the
fictional Alpha brand before these subjects haerendt the experiment and, hence, no previous
intention to purchase an Alpha sporty digital watolild have existed, implies that differences in
observed levels of purchase intention can onlyda&iSed” by the experimental treatment, i.e., by
the different levels of brand loyalty.

Effect size parameters for an experimental study

If the matrices in Figure 2.6 are filled with scefer, in other words, if the values of Y have been
observed in all cases of both groups), a causatagm®n between X and Y can be observed if the
mean value of Y in one group (e.g., the “experiraBrgroup) is different from the mean value of
Y in the other group (e.g., the “control” group)erite, the relevant effect size parameter is the
difference between the meansf the two groups. This is the same effect sizaupater as the
one discussed above for the cross-sectional stutthyardiscontinuous variable. Here we do not
have a discontinuous variable but one that has beeripulated in such a way that two groups of
cases have been created such that all members gfonp have the same value of the independent
variable. The difference between the mean valiéiofthe two experimental groups is internally
valid evidence of a causal relation because optheeding manipulation of the value of X, which
was absent in the example of two types of alliance.

Note that it is not only assumed that the experimerita@atment” is effective but also that it is

equally effective in each member of a group. Withthis assumption we could not talk about a
difference between groups that differ (only) in tfedue of the independent variable. It is quite
common to test the correctness of this assumptitmav'manipulation check”. Although such a

check yields information about the value of theejpeihdent variable in all subjects, this information
is normally not used in the analysis.
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Figure 2.6 in the example above illustrates thatdifference between the mean value of Y (here
purchase intention) between groups is the effeetjgarameter of interest. The observed means of
strength of purchase intention is 3.0 in the gradgh low brand loyalty, 5.0 in the group with
medium loyalty and 8.0 in the group with high IdyalNote that we cannot just calculate the
differences between means (2.0 between the lowraailum loyalty groups, and 3.0 between the
medium and high loyalty groups) but also must aoresta confidence interval around these
differences. If we would randomly allocate the sa@te students to the three experimental
conditions, we would have three groups with anott@mposition than we had in our first
experiment and hence we would have slightly diffieresults. In other words, we are confronted
with sampling variation and hence we must consttanfidence intervals around our results. (See
Cumming, Chapter 6, particularly pp.154-164.)

Definition of an experimental study

An experimentis a research strategy in which values of thepeddent variable are manipulated
in instances of the focal unit (recruited from aafied population) and (changes of) values of the
dependent variable are observed in these casesxgganiment, thus, generates evidence about the
size of a causal effect by demonstrating that ffexiecan be produced (at will) by manipulation
of a cause. Experiments have a high levehtdrnal validity for causal claims because of this
direct link between manipulation and effect, if @tlpotential causes of differences in the values
of the dependent variable can be ruled out. Inresht non-experimental studies have a low
internal validity for causal claims because it aanpe known how an observed association came
into existence. However, non-experimental studimgehgenerally a higher level etological
validity , because they allow the observation of associstibat actually exist (i.e., that are not
produced by a researcher’s intervention).

Observing a causal relation also requires thatroplossible influences on the value of the
dependent construct (i.e., other causes) are ‘@litedi. This is usually done by designing the
experiment in such a way that known influencestheesame for each of the cases and that
unknown influences are randomly distributed betwegrerimental groups. In order to guarantee
the internal validity of the experiment, i.e. to kaasure that we really observe an effect of the
manipulation of the value of X, cases should b&amparable” or “similar” as is possible. This
is achieved by selecting cases from a specific ladipn (as in the cross-sectional study) and by
randomizing these cases over experimental andalaanditions.

An additional way of ensuring comparability betwélea experimental groups is by measuring the
value of the dependent variable before the experime. by conducting a so-called “pre-test”
(which better can be called a “pre-measurementyuth a pre-test is conducted, the right-hand
column in the data matrices does not contain theevaf Y (“post-test” or “post-measurement”)
but the change in the value of Y between pre-tedtpmst-test in each case. The experiment, then,
is aimed at generating differences in mean valfi¢isexchange in the value of between groups

of cases with different values of X.
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Note that, in the statistical analysis of experimengdults, it is assumed that the cases in the
experimental groups are members of a probabilitypda of a population. This is quite apparent
on theDance ppage ofESCI chapters 5-6 in which the treatment group is considered t@be
probability sample of a Treatment population, ahd tontrol group is considered to be a
probability sample of a Control population. Theulesof the experiment are interpreted as results
for a population. In the large majority of experms experimental groups are not probability
samples but convenience samples (e.g. studentstegtby means of self-selection through an ad
in the elevator of a university building). Thisashuge problem, because this means that there is
no statistical basis for inferring an experimeméslult to a population, not even to a population of
students, and hence that, in a critical syntheste (Chapter 4 below), we cannot specify a
population to which the experimental result canalteibuted. This problem is overcome, in
principle, in a population-based survey experin{saé Mutz, 2011).

2.3 Quasi-experimental research strategies

An experimental study as outlined above is usutbsible if the focal unit is a person or a
situation in which a person can be brought. Studigssychological theories, for instance, can be
conducted by random assignment of people (“subjetdsdifferent experimental conditions.
Regrettably, the requirements for conducting a @raxperimental study of a hypothesis about
organizationscan rarely be realized in real life, because itsgally difficult to find comparable
cases that could be assigned to different expetamh@onditions. Also the costs of such an
experiment (if possible at all) might be prohibéiy high. Often it is very costly to intervene in
organizations just for the sake of research. Alghosuch obstacles for experiments in real life
exist, this does not mean that field experimengs,axperiments with companies, business units,
projects, and “real” employees, are not possiblas Type of experiment is increasingly popular
in economic research in general, and in developsstenies in particular (see Banerjee and Duflo,
2009). Field experiments will not be discussed Hereause, although getting somewhat more
recognition, they are still quite rare in businasd management research.

There are, however, a number of alternative rebestrategies that are not experimental (in the
sense that the researcher does not manipulateathe @f an independent variable) but have a
higher internal validity for causal claims than ttss-sectional study. Here, three of these
approaches will be discussed: event study, timesstudy, and the longitudinal study.
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2.3.1 Event study

An even is something that is suddenly present and theghtrtause a change in a dependent
variable of interest. An example is the effect ofamnouncement (e.g. an announcement of a
merger) on the stock value of a firm. &uent studyis a research strategy in which changes in
the value of a dependent variable are observedsascin which an event has occurred. Because
the value of the dependent variable might have gbduanyway even in the absence of the event,
the actual change in value of that variable mustbbechmarked against what would have
happened without the event. In other words, sityilas in an experiment we need a “control”
group. But because this is not an experiment inrclvltiases are assigned to the experimental
condition (with the event) or the control conditibmithout the event), the benchmark must be
found in some other way. How this is done diffeesneen studies. A common way is to identify
a number of similar cases (similar apart from thespnce of the event) and to use the average (or
weighted) change of value of the dependent variablhose cases as a “control”. The most
important example of this procedure is the varidblmormal returns” in event studies regarding
stock. An abnormal return is the return (stock ealof a company compared to the average (or
weighted) return of similar companies.

An important reason for the similarity between ¢vent study and the experiment is that an event
is a discrete phenomenon. The independent vargaldave only two values: present or absent.
The absence of the event is the normal (“contradindition. The occurrence of the event is the
“experimental” condition. Instead of “manipulatingie event (which a researcher cannot do in
these cases), the researcher waits for the evdrapjoen. The event study is less internally valid
for a causal claim than the experiment, becaus@aksibility cannot be excluded that both the
event and the observed change in the value ofdpertient variable are caused by an unobserved
third variable (another event). The shorter theetspan between the event and the change in value
of the dependent variable, the more suggestivadiiéa causal relation between the two.

Data matrix for an event study

In contrast to the experimental study, in which m&e as many data matrices as there are
experimental conditions (see Figures 2.5 and &i@have only one data matrix in the event study.
This is a data matrix with only the cases withékient. As mentioned above, there are no separate
observations of cases without the event becaussthparison with those cases is included in the
value of Y (stock price, or “return”). For instanée a study of the effect of an event on stock
value, the scores in the data matrix are not tHeevaf Y (“return”) for these cases but the
difference between this value and the average mhaexl value in a benchmark group (“abnormal
return”).

Figure 2.7 is an example of a data matrix of amestudy.

30



Group with the event. X=1 (present)

Cases Difference of the value
of Y with benchmark

Case 1 y

Case 2 y

Case 3 y

Case 4 y

Case 5 y

N = K x=1

Figure 2.7 Data matrix defining an event study

Effect size parameter for an event study

If the matrix in Figure 2.7 is filled with scoresr(in other words, if the benchmarked values of Y
have been observed in all cases of the group Wwétevent), a causal association between X and
Y can be observed if the mean value of Y in theesagith the event is different from zero. The
value “zero” means that there is no difference leetwthis group and the “control” group. The
relevant effect size parameter is theanof Y in the group. If the dependent variable isrfabmal
return”, then the score is a percentage differeme®veen the case with the event and the
comparison group. The effect size in the studhasmtthe average abnormal return, expressed as a
percentage.

Definition of an event study

An event studyis a research strategy in which values of the ieddpnt variable (relative to the
values in a benchmark group) are observed in instaaf the focal unit with the event. An event
study suggests causality because the value otjpendient variable is measured immediately after
the event. However, the possibility that therensther cause for both the event and the change in
the dependent variable cannot be excluded. Insémade, the event study is the poor sister of the
experiment.
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2.3.2 Time series study

Many relevant independent variables are not discetents such as announcements, new
strategies, disasters, etcetera, but are continMéasnight, for example, be interested in the effec
of the size of a specific type of investment (inlals or euros) on the performance of a firm or a
business unit. We cannot conduct an experimentintwwe invest more money in one groups of
business units than in another group. We do not wanonduct a cross-sectional study either,
because that research strategy would not provigathsany evidence about the causal effect. We
cannot conduct an event study because we areteotsted in the effect of having an investment
(however small or large) as compared to not hagm@vestment but, rather, are interested in the
effect of the size of the investment. The prefeoption, though less attractive than the experiment
and the event study (which both are not feasibléigicase), is a time series study.

A time series studyis defined in this book as a research strategyhich it is observed in one
instance of the focal unit how the values of thgependent and the dependent variabtesge

over time. If changes in the value of the dependent vagiabbobservably followindhe changes

in the value of the independent variable, thisloaiseen as evidence of a causal effect. However,
as in the cross-sectional study, there is a pdggithat both variables are following changes in
the value of a third, unobserved variable. Thiatetyy is much weaker (in terms of internal validity
for a causal claim) than the event study becalse tls no comparison with a “control” group or

a benchmark. The internal validity of this reseastiategy is somewhat higher than the internal
validity of the cross-sectional study because efdhronology of (first) the change in the value of
the independent variable and (next) the chandeeivalue of the dependent variable. This implies
that much care should be given to the choice otithe period (time lag) between the change in
the value of the independent variable and the ahanghe dependent one. Theoretical and
practical insights are needed to estimate the tiraieis needed for an effect to occur. For instance
if we study the effect of the size of an investmamthe performance of a business unit, we must
know how that investment is supposed to “work’ptlgh what mechanisms, etc. Because these
mechanisms differ between (types of) business uiels knowledge is essential.

Data matrix for a time series study

In contrast to the event study, in which we haggaup of different cases in which the event has
occurred, a time series study is a study of onky case. The rows of the data matrix are different
points in time or, more precisely, pairs of scarethe independent variable (at one point in time)
and of the dependent variable (at a later poitinie). For instance, in a study of the effect & th
size of investments in new product developmentthaduccess in terms of sales of new products,
a row in the data matrix will have the investmentertain time period (in the X column) and the
sales of new products a number of years lateh@rytcolumn). The number of years is dependent
on the average time that it takes for this busirfasgt) to develop and market a new product.
Because we want to stay as close as possible exfberimental design, and hence to the event
study, we are interested in halvangesn the value of X are followed lshangesn the value of

Y. Figure 2.8 is an example of a data matrix afreetseries study.
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“Cases"=pairs of Change in value of| Change in value of Y
observations of X and| X between time 1 | between time 1+p and
Y separated by time and 2, between 2+p, between time
period p time 2 and 3, etc. 2+p and 3+p, etc.

Case 1 X Vi
Case 2 X Yo
Case 3 X Y3
Case 4 X Y4
Case 5 X ys
Case 6 X Ve

N= Hx Hy

Figure 2.8 Data matrix defining a time series study

Effect size parameter for a time series study

A causal association between X and Y can be obddirtteere is aorrelation between the change

in value of X and the later change in the valu¥ aihd if there is a positiveegressionof changes

of Y on preceding changes of X. In other words,dffect size parameters for a time series study
are the same as for a cross-sectional study. Howeveata point in a scatter plot (which
corresponds to a row in the data matrix) does eyotesent the values of X and Y in a case (e.g. a
firm) but rather a change in the value of X andtar change in the value of Y in the same instance
of the focal unit (e.g. a firm). Different data pts in the scatter plot represent different points
time.

Definition of a time series study

A time series studyis a research strategy in which changes in theev@ithe independent variable
as well as subsequent changes in the dependeablaare observed in one instance of the focal
unit. A time series study suggests causality bex#us change in value of the dependent variable
is measured after the change in value of the inu#g@ variable. However, the possibility that
there is another cause for both changes cannotddeded. In that sense, the time series study is
weaker than the experiment and also weaker thaevidagt study.

The one remaining research strategy that will Bewised in this chapter, the longitudinal study,
is even weaker as a strategy for generating evedahout a causal claim.
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2.3.3 Longitudinal study

A time series study is only possible if we caneclldata for one case over a period of time. That
period of time must be much larger than the timedee for an effect to become observable. Let
us again take the example of the effect of the sfzeavestment on the success of new product
development. If the time needed for the developraadt marketing of a new product is 5 years
and we measure annual changes in X and Y, thereee data for each year over a 16-year period
if we want to fill 10 rows in the data matrix. Weed data for 11 eleven years (say from year 1 to
year 11) in order to observe 10 annual changekdnvalue of X. Similarly, we need (in this
example with an assumed product development pefiddyears) data from year 6 to year 16 in
order to observe the corresponding changes inaluewf Y. The good news is that we need data
for only one instance of the focal unit (e.g. omeJ for one study.

If it is not possible to collect data for many difént subsequent points in time in one case (which
would mean that a time series study is not feasililenight be possible to collect data about a
limited number of points in time in more cases. iligkagain the example of the causal effect of
the size of investments on the success of new ptathvelopment, we might be able to observe
a change in investments between two points in {ng., between the year 2000 and the year
2003) in the firms of a population and a changeew product success about five years later (e.qg.,
between 2005 and 2008) in the same firmsomygitudinal study is a research strategy in which
a change in the value of the independent variaideadater change in the value of the dependent
variable are observed in a population. If changethe value of the dependent variable are
associatedwith the earlier changes in the value of the iraejent variable, this can be seen as
evidence of a causal effect. However, as in thesssectional study, there is a possibility thahbot
variables are following changes in the value dfiedt unobserved variable. This strategy is much
weaker (in terms of internal validity for a causkdim) than the event study because there is no
comparison with a “control” group or a benchmatkslalso weaker than the time series study in
this respect because there might be differencéseimnfluence of unobserved variables between
the cases of the population, whereas many of sadhbtes do not differ between time points in
one firm. In that sense, unobserved variables ntigltetter “controlled” for in a time series study.
The internal validity of the longitudinal study (fa causal claim) is still somewhat higher than the
internal validity of the cross-sectional study hesmof the chronology of (first) the change in the
value of the independent variable and (next) ttegk in the value of the dependent variable (as
in the time series study).

Data matrix for a longitudinal study

Figure 2.9 is an example of a data matrix of a itagnal study. This matrix is very similar to the
one for a time series study. The columns for thieabées are defined in the very same way, namely
as a change in the value of X and Y between twe pwints (of which the change in the value of
X precedes the change in the value of Y). Howeahercases (rows) are defined very differently.
Rows in this data matrix are not pairs of obseoretiat different points in time (in one case). Here
rows are separate cases (e.g. firms), all obsat/édte same points in time (“time 17, “time 27,
“time 1+p”, and “time 2+p” in Figure 2.9).
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Cases Change in value of X Change in value of Y
between time 1 and 2 | between time 1+p and 2+p
Case 1 X Y1
Case 2 X y2
Case 3 X Y3
Case 4 X Va
Case 5 X Vs
Case 6 X V6
N = Hx Hy

Figure 2.9 Data matrix defining a longitudinal study

Effect size parameter for a longitudinal study

As in the time series study, a causal associagbmden X and Y can be observed in a longitudinal
study if there is @orrelation between the change in value of X and the latengban the value

of Y and if there is a positiveegressionof changes of Y on preceding changes of X. Theceff
size parameters for a time series study are, thesame as for a cross-sectional study. Datagoint
in a scatter plot represent different members pbpulation (as in a scatter plot for the cross-
sectional study). However, in contrast to the csesgional study, these points represent the
changeof the value of X and aubsequenthange in the value of Y in a case rather thantpest
values of X and Y at a given point in time.

Definition of a longitudinal study

A longitudinal study is a research strategy in which changes in theevafuthe independent
variable as well as subsequent changes in the depewariable at a later point in time are
observed in the members of a population. A longitaldstudy suggests causality because the
change in value of the dependent variable is medsfter the change in value of the independent
variable. However, the possibility that there isther cause for both changes cannot be excluded.
For this reason, and because there might be unaukdifferences between the members of the
population, the longitudinal study is weaker imtsrof internal validity for a causal claim than all
other research strategies except the cross-selcsinny.

The most challenging aspect of a longitudinal stisgdgps with the time series study, to determine

how much time should elapse between the chandgeiaalue of X and the subsequent change in
value of Y.
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CHAPTER 3
CASE SELECTION AND MEASUREMENT

This chapter consists of two parts that correspaeitial questions 5 and 6 of the checklist for the
critical evaluation of research reports:
1. Which population is studied? (Question 5 of thec&hst for critical evaluation of
empirical evidence)
2. How are the IV and DV measured? (Question 6 ofctiecklist for critical evaluation of
empirical evidence)

When a research strategy has been chosen (prefaraleixperimental study, an event study or a
time series study, assuming that the hypothesmsaissal), the researcher must construct the
correspondinglata matrix in which each variable has its own column. Theaesh strategy and
the data matrix define the effect size parametarithgenerated in the study.

The “Methods” section of a research report will n@ntion the term “data matrix”, but it
will mention (a) the research strategy (which, @sussed in Chapter 2 above, determines
the general form of the data matrix), (b) the “s&@hpwhich is another word for how the
rows of the data matrix are defined) and (c) “measuis (which is another word for how
the cells of the data matrix are filled). Issue (@search strategy, was discussed in the
previous chapter. Issues (b) and (c), case seteahid measurement, will be discussed in
this chapter.

3.1 Population

We want to estimate an effect that is formulated lypothesis or research question. That effect
is a relation between characteristics (variablésy tfocal unit”, which is preferably explicitly
specified in the hypothesis (see Chapter 1). Tits¢ $tep of selection of a “sample” in any study
consists of choosing@opulation from the theoretical domain. A population is adeihstances

of that focal unit. It is, by definition, a subgdétthe theoretical domain (which is the total Jedlb
cases to which the hypothesis applies). Figure(i3ekt page) is a visual representation of the
theoretical domain and three of its populationse @bmain is populated with all instances of the
focal unit (“cases”). In this figure the boundaradhe domain are solid black lines, but in realit
the boundaries and the “contents” of the domaihmnaitmally be in flux: cases tend to emerge and
disappear all the time. The cases in a domain teridrm subsets which can be identified and
named, “populations”. A population is a set of cadefined by one characteristic or by a set of
characteristics. The population of “airline alli@st is an example of a population in the domain
of all alliances in the world, in all economic sat, in all countries, at all times (Example 1 in
Chapter 1 above), that is defined by one charatte(i.e., airline industry) that distinguisheg th
members of this population from all other allianaeshe domain. An example of a population
defined by a larger set of characteristics (airimdustry; size; region) is the population of “US
alliances of airlines with a total turnover of @ast [n] dollars a year”.
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X

Figure 3.1 Domain, cases and population
(from Dul & Hak, 2008: 46)

The checklist for critical evaluation of empiricalidence contains the following questions
regarding “case selection”:

5. Which population is studied?

Is the population a part of the theoretical domain?

Is the population exactly defined and are its ottaréstics specified?
Is the whole population studied (“census”) or a gl&?

Is the sample a probability sample?

Are there missing cases (“non-response”)? How many?

PoooTR

Question 5al§ the population a part of the theoretical domaintight appear to be superfluous,
because it seems so obvious that a population dveuselected from the theoretical domain. But
this requirement is often violated. For instantes quite common that a population of companies
or of business units is selected for a study of/gothesis about projects or teams or, another
example, that a population of consumers is seledteda study of a hypothesis about
advertisements or brands.

Examples

In a study of a hypothesis about projects (e.gorévX is associated with more success in projedts”)
often occurs that a population of companies iscéeteand that managers of these companies are asked
to report whether they think that, in their compgmpjects with more X are more successful. A prope
study of this hypothesis requires that a populatifjprojectsis selected and that X as well as success
is measured for each project.

A common mistake in a study of a hypothesis aboands (such as “Brands with more X have more
Y”) is to ask consumers whether they think thanlsawith more X have also more Y. Such a study is
an opinion poll, not a proper study of the hypoities proper study requires that a populatiobrainds

(not consumers) is selected and that X and Y amsuored for each brand. It might still be necessary
to recruit persons for the experiment. If this aschese persons are not cases themselves but only
function as raters for the measurement of variatfitize brands, etc., such as purchase intentrangb
loyalty, etc. The example of such a study discussedhapter 2 (see Figure 2.6) demonstrates that
usually such a study is a study of only one caseC@ca Cola in the example, not of a population of
brands. This is usually entirely overlooked by ekpenters as well as their readers.
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Question 5blé the population exactly defined and are its clutedastics specified?s important

in several respects, both for a critical evaluatbrthe study itself and for the usefulness of its
results for the critical synthesis. Assuming thas ithe aim of every single study to generate an
effect size for a population, there are only twosvaf selecting the cases that are included in the
study: either all members of the population arecel (“census”) or a sample. The sample must
always be a probability sample, for the simple oeathat this is an absolute requirement for
statistical inference from the sample to the pdjta In both cases (census and sample), we must
have a complete and correct list of members optpmilation when we conduct a study. We need
this list when we conduct a census because all raestdd the population must be observed (by
definition). We also need this list when we draprabability sample because we can only draw
such a sample if we have a complete and correatgbag frame” (which is the list of members
of a population). There are some exceptions tddtter requirement. For instance, in countries
that have no population register there is no cotaptampling frame for drawing a probability
sample. In that case, alternative ways of drawisgraple must be chosen. However, in all cases
it is the aim to get a sample that, in statistreagpects, can be treated as a probability samgle. A
discussed above, also cases in experimental gehpsd be members of a probability sample, in
principle. When critically discussing experimentasults, it should be taken into account when
this requirement is not adhered to (which is oftencase).

The problem with results of non-experimental ad aglexperimental studies in “samples” which
are not probability samples is that there is n@iigesubset of a theoretical domain to which we
can infer the study’s results. Results pertain dolythe (accidental) data set, and cannot be
interpreted as “representing” an interpretable g@atg of cases such as a population. This is a
problem in a critical synthesis of empirical evidenn a theoretical domain because we cannot
fruitfully investigate potential determinants oketlariety in effect sizes (for which we need to
know the characteristics of the populations in \Whaa effect size is observed). This problem also
arises if one wants to draw conclusions about menegelevance from a study’s results. Such
conclusions can only be drawn if it is known in ahipopulation the effect size is observed,
because such conclusions are limited to that ptipula

Another problem with populations with experimergghat perhaps 90% of experimental studies
about hypotheses regarding people or teams (i.pothgses about consumers, employees,
managers, etc.) select their cases from only ope ¢f population, namely WEIRD (Western,
educated, industrialized, rich, and developed;Hsm@ich, Heine and Norenzayan (2010).

Question 5cl6 the whole population studied (“census”) or a gde?) and question 5dg the
sample a probability samplg@are meant to assist in a critical evaluationashgling procedures,
and in drawing a conclusion about the methodoldgipality of the sample. Convenience
sampling (such as “sampling” a list of companiet thappen to be known to the researcher, or a
university, or a consultancy company, or a trairgegtre, etc.) is very common in business and
management research. However, such lists usuathy foselection of cases with an unknown
relation to the population that they are supposetligpresent”. Such lists certainly do not count
as “probability” or “random” samples. Hence, a fantental requirement for the application of
inferential statistics is violated in such studies.
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Question 5e Are there missing cases (“non-response”)? How marng?meant to assist in a
critical evaluation of the data safter sampling (or after a population is selected foeastis). A
requirement for the application of inferential &8¢s in a data set (i.e., in inferring an effeize

in a population from the effect size observed mdhata) is that the sample (or the population in a
census) is complete. If cases are missing, themust assume that these cases are not missing at
random (MAR) but that some selective (i.e., noti@n) selection mechanism (NMAR) is playing
out. When missing cases are systematically diftefem observed cases in some way, the
observed effect size will be different from theu# one in the sample or population. The problem
with this type of bias (“selection bias” or “nonsgonse bias”) is that we do not know how large
it is, for the simple reason that the missing casesnissing. The ignorance and negligence about
non-response and non-response bias in businessa@amagement research is huge. Some repairs
have been made after Rogelberg and Stanton pudlitieér overview of the problem and of
(inevitably deficient) ways by which one might amfet to assess it (Rogelberg & Stanton, 2007).

The general rule here can be simple. If we encoumtstudy with non-response, the question
should be asked how much different could the resalte been if those case are substantially
different from the ones that have been observed iBhthe method of “worst-case resistance”,
discussed by Rogelberg and Stanton (2007, p.202)rdsults of this approach, which give some
idea of the potential bias resulting from the nmgsiess of cases in the study, are sobering. It will
appear that, with the usual response rates in éssiresearch, results could have had any other
value (i.e., much smaller, much larger, with a reed sign) than the result obtained in the group
of respondents. This is a very good reason foridensg the results of any study with more than,
say, 20% missing cases as not better than reshithwould have been obtained by throwing a
dice, i.e., useless.

If the simple principles, as outlined in this sentB.1, are applied to mainstream business research
evaluation results are usually very disappointMgst cross-sectional studies must be considered
asfailed studiebecause of incorrect sampling procedures andforesponse. Most experimental
studies cannot be considered informative about @ulption because cases are normally not
sampled from a population. On the positive sidessing cases are rare in experiments. It is,
however, an open question (because not investigatedsufficient extent) how experimental
results could be biased due to the self-selecti@ages (which is the routine selection method).
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3.2 Measurement

Although never published in a research report,ctire of any study is the data matrix. First, an
empty data matrix is constructed that is consistethtthe research strategy (see Chapter 2). When
a population is selected for the study and whes diecided whether a census or a sample study
will be conducted, all cases of the population ample will be allocated to a row in that data
matrix. The number of rows is fixed from then ohefe will be as many columns as there will be
variables. The design of a study is almost comméthat point, except for one issue, namely a
decision about how the cells of the data matrixutdhdve filled. This is a question that must be
answered for every column (variable). The technieah for filling a cell in the data matrix is
‘measurement”.

In order to fill the cells of the data matrix we sttimeasure” the value of each variable in each
case. Avariable is a concept (mentioned in the hypothesis) thatdee precisely specified for the
cases in the study. This specification must desdnitdetail the possible values that the variable
can have. For instance, if the concept that mushbasured is “project success”, the variable
“success” might be specified in different ways, ls&s “monetary success” expressed as the
amount of dollars that is generated by the prdjeet, a ratio type variable), or as “satisfaction”
expressed as a (“subjective”) rating by the compamg scale from “none” via “a bit” and “quite

a lot” to “very much” (i.e., an ordinal type varialp This specification must bealid and the
resulting “score” must beeliable andaccurate

As discussed above, research strategies are ddfindkir different types of data matrices, not
by their methods of measurement. The data that pasilate a data matrix can be collected in
any (appropriate) way, such as through observatmmrgent analysis, semi-structured interviews
and also questionnaires. The latter are only apjatepif data must be collected regarding a
person’s opinions and beliefs.

Evidence, data and scores

When you fill a cell in the data matrix, usuallyuyoannot just observe some characteristic of the
case on that row but must process your observatisome systematic way in order to produce a
score that is comparable between cases. It is lugefoake a distinction between the following
stages of this process: collecting relevant evidestoring it for further processing, and finally
generating a score.

Evidenceis what the researcher observes. It can be capiumdifferent ways: in memory, in an
audio recording device, as a picture, as a videa, @py of a document, as a note in a notebook.
Datais evidence that is stored by the researcher upbaard or, nowadays more likely, on a hard
drive or memory stick. Data are ordered in filesuch a way that they can easily be accessed for
further processing, but also for audit purposesoiheone asks you about the evidence on which
your results are based. (Note that, in responseases of fraud, academic institutions have
developed new regulations for the storage of dBtata are available to the researcher at will (for,
e.g., checking or coding). They are not ystare which is the value of the variable that will be
entered into the data matrix. Data must first deg@arized ocoded
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Example

Take the following example of the measurement#rgon’s opinions or attitudes by means of a semi-
structured interview. The interviegvidencdi.e., what a respondent has said) is recordedrime form

(i.e., through a voice recorder). What is recordeight then be transcribed or summarized in a
document. This transcript or summary (with the gorecording as a backup and as a source of
information about tone of voice, etc.) is ttieta These data must be interpreted and categorized or
codedin order to typify the opinions that have been roead in that respondent.

Usually the researcher knows from the outset wimat &f score on what kind of “scale” is required
or desired as the outcome of the measurement, rasikriowledge will steer decisions in the
development of the measurement protocol. This @illisstrated with an example of different
indicators of a new product development projeatscess.

Example: three operationalizations of “project sass”

Financial succesdJsually the score (for the data matrix) shouldhbe@mount in some currency (dollar,
euro, etc.). Relevamtvidencdor financial success is the financial data altbetproject. This evidence
becomeslataif it is copied from the company’s financial infoation system (or a report) and is stored
in the researcher’s data base. If the variablefined as thextentof financial success, a figure can be
copied from the data base to the data matrix.déydver, the scale is defined differently, e.g.les t
presence or absenad financial success, then the dollar or euro am®uust be coded into one of
these two possible scores. This means that a cqatoagpdure must be applied by which monetary
amounts are evaluated as indicating success (m@sdisence), which requires that a cut-off point is
specified.

Timely delivery A criterion must be specified for evaluating thege of delivery as “on time” or “too
late” (or any other score deemed relevant for §pothesis) Evidenceregarding the date of product
delivery as well as the deadline that was statddrbemust be collected from the company’s
information system and stored in the researchgstgem. Now it iglata A scorefor timeliness results
from the comparison between these two dates (deadlnd actual delivery).

Satisfaction Ideally, the company has generated one or mooairdents in which the project is
evaluated. Relevant parts of these documents amvitlence“Text analysis”, “document analysis”,
and “content analysis” are the terms used for gemeyscoresfrom texts. Coding is simple if an
evaluation report has a clear conclusion in whieh firoject is unequivocally judged as a success or
not. But coding is more complicated if such a judginmust be generated by the researcher from
different, ambiguous, and sometimes contradictstgtements in a report. Then the researcher must
have a procedure for finding the evaluation rasthe text. (Here it is difficult to distinguistsgparate
phase between evidence and score which could [sdevad “data”.)

These examples illustrate that good measuremeniresca lot of decisions which will influence
the quality of the evidence first, then the date] Ainally the scores that will be analyzed in arde
to generate the effect size of the study. Theswsides must be reported in the research report, so
readers can assess measurement quality. When weonaraluate the quality of a measurement
procedure (for every variable separately), we mgstthree main criteria: measurement validity,
measurement reliability, and accuracy.
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Measurement validity

A measurement of an attribute (or a variable aitapis valid if variations in the attribute caugal
produce variation in the measurement outcomes (Bora et al., 2004)lt is not possible to
“objectively” assess the degree to which measurémaeldity has been achieved. A level of
validity is an outcome of argumentation and dismrssThis can be illustrated with the three
indicators of success of a project.
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Example: three operationalizations of “project sass”

Financial succesdf financial records must be read in order toiese financial evidence relevant for
assessing the degree of financial success of agbrope it directly or indirectly (after some
computation), the type of financial data that aeeded must be precisely specified. It is not ptessib
just to copy any financial number from records dmiy those numbers whose “meaning” are precisely
defined. The “meaning” of a specific number (md$¢m an amount in, say, dollars) is known if it is
known how it was produced. If, for instance, thetsanvolved in a project must be computed from
financial records (in order to assess whetheranfifal gain has occurred), it must be known how the
company assigns costs to projects. If relevantscaist not included in the costs documented in the
financial records, or when revenues are attribtetthe project that actually were generated in ways
that are not connected to the project, then thenfifal success of the project is overestimated., And
reversely, if costs are attributed to the projeett tactually are not related to the project, ardf all
revenue from the project is included in the reverage documented in the records, then an
underestimation of the project’'s financial succesdikely. If necessary, financial data must be
recalculated in such a way that they exactly raprahe researcher’s definition of the variablEhis
must be done for each case in which it is appragrfar the simple reason that the eventual scses
entered in the data matrix must be comparablehdfrecords or reports do not contain sufficient
information on how the various numbers or amourgehbeen calculated, it may be necessary to
retrieve this information from (financial) staff mrder to judge the validity of the evidence. I&th
evidence is not valid in terms of the researchadgfnition, staff could be asked to identify anttieve
other, more valid evidence. In sum, a valid wayexifracting evidence of the financial success of a
project consists of:

1. Precisely defining what the researcher consideb® tthe financial success of a project.

2. Translating that definition into precisely descdlperational procedures.

3. Evaluating the firm’'s procedures for computingfinancial success of a project, if any, against

these procedures.

4. If necessary, identifying or computing other, meadid evidence.
The criterion for measuremevilidity of this instrument is whether every detail ofgtecedures can
be justified in terms of the researcher’s defimitaf financial success.

Delivery time There might be different types of delivery timfepooject results (the publication of the
written report, the oral presentation of the restdt management, the final financial record, etxd.),
which some might not count as the delivery timenasint in the researcher’s definition. Therefore, th
researcher must define in a quite detailed way whabnsidered the delivery time as meant in the
hypothesis (and what is not). The researcher'sidiefn must be translated into precise proceduras t
are applied to candidate pieces of evidence ofeiglitime which are identified in reading the relet/
documents or in the verbal reports from companif stho were involved in the end phase of the
project. The criterion for measuremeanalidity of these procedures is again whether they ariigast

in terms of the researcher’s definition of delivérge.



Satisfaction This indicator of success refers to success #isede by the company, not by the
researcher. This is an important distinction, whioiplies that it is not necessary to apply the
procedures outlined in the two previous examplégrd is no need to evaluate the “correctness’ef th
company'’s judgment. The outcome of the companyauation can be accepted, irrespective of how
it was generated (although the researcher migltbeested in the company’s procedures and might
want to try to collect evidence on these procedasewell). Measurementlidity here refers to the
validity by which the researcher identifies, retds, and codes the company’s evaluation, irrespecti
of how the company has generated its evaluatiosase this evaluation has not been recorded in a
document by the company, the researcher must (refeet a company’s satisfaction with a project
through interviews. There are more and less valayswof retrieving judgments (such as these
evaluations of project success) from respondenist@rviews and/or through questionnaires, which
will not be discussed here.

Measurement validity, thus, concerns the qualitgaxth element of the measurement protocol or
“instrument” in terms of the criteria that followoim the (as precise as possible) definition of the
concept that is measured.

Some household examples: A set of scales will 8ggd as giving a valid measurement of weight

because it is clear and transparent, in princlpd&y weight translates into a specific position of a

dial and how different weights give different rdsuwn that scale. This applies in the same way to
a set of scales for body weight as well as foriattscales. It is equally clear how a thermometer
translates differences in temperature to diffetemperature readings. For mercury thermometers
this translation follows a different path than fhgital thermometers.

It is obvious why we cannot read a temperature cales and cannot read a weight on a
thermometer. However, in business research sometar@milar mistake is made: a weight is
measured as if it is a temperature. This can beram made by the researcher. It can also be a
mistake made by an informant. One common way teeaelefficiency in business research is to
useinformantsfor measurement. Usually, a questionnaire is sestith informants. Informants
who take the effort to answer the questionnairetreitier conduct some sort of measurement
(e.g., must weigh something), or must remember #ome way, or must find it in documents or
an information system (of weightings performedhe past by the organization), and they must
report that information in the questionnaire. Ihetwordsthe informant is asked to conduct the
measurement for the researcher without being i as a researchend, therefore, without
knowing the researcher’s definition of the varialllee scores obtained in this way usually have
guestionable validity: the researcher does not kwadvat actually was “measured” by the
informant.

Reliability

If a measurement is valid, a next quality criterisnthat it is also reliableReliability is the
precision of the scores obtained by a measurerRetiaability, as defined here (i.e. the precision
of scores), can be measured. This is usually dgrgeberating more than one score for the same
variable in each case, e.g. by asking the samdignéwice or by having two independent coders
code the same evidence, and by assessing how imeicksulting scores differ.
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The reliability (or precision) of these scoreshs aiverage difference between the scores for each
case. The smaller this difference, the higheraspitecision (or reliability) of the instrument. hi
way of calculating measurement reliability can dméyused for quantitative scores (i.e., ration and
interval variables). For nominal and ordinal vakésh reliability can be measured by calculating
the proportion of cases in which the different nieasients result in identical scores. This can be
expressed as an inter-observer, inter-rater, trrigest similarity rate.

Example: three operationalizations of “project sass”

Financial successWhen a valid procedure for measuring financialcess of a project has been
developed, its reliability can be assessed by gimarthat two or more persons, either company staff
or researchers, or their assistants, collect ade data using these guidelines and then compute the
degree of success from these data. The reliabflilyese scores can be expressed in terms of jonecis
i.e., as the average difference between the twan@e) scores. If the reliability of the scores is
insufficient (in terms of a criterion that was fartateda priori) measurement procedures should be
further specified until a sufficient level of rdiidity is achieved.

Delivery time If a valid procedure for measuring the exact slaeplanned and actual delivery and for
determining its timeliness is developed, the rdlitgtof the score can be assessed by arranging tha
two or more persons identify both the planned &daictual delivery date and then rate the deligery’
timeliness. Assuming that there are only two pdesbores (“on time” or “too late”), the reliabyliof
these measurements will be expressed in termsgdrthportion of cases in which the different raters
have generated the same score.

Satisfaction When a valid procedure for the measurement ofvédae of the company’s project
evaluation is developed, the reliability of the resoobtained in this way can be assessed by using t
same procedures described above for assessinglthbility of financial success or timeliness of
delivery. If evidence is extracted through quaklatinterviews with persons, the more structured a
gualitative interview is (e.g., instructions regaglthe interview as well as the questions spegtiiine

the interview guide), the more reliable will be tbeidence generated in the interview. Evidence
generated in interviews by different interviewenthwthe same person should obtain similar or the
same evidence. If the data are generated throgtgmdardized questionnaire, consisting of questions
with a set of response categories, reliability @ially assumed to be good, although different
measurement conditions (e.g., how the questionmsiirtroduced to the respondent, the absence or
presence of other people such as supervisorsleagokes, whether scores are obtained in an intervie
or by self-completion) will influence the relialjliof the scores that are obtained.

Back to our household examples: The score onaf setles for body weight might vary an ounce
when weighing the same body weight several timesva@ might find that “reliable” (precise
enough), but for our kitchen scales we might waotimmore precision. Similarly, for outdoor
temperature we might find a difference of one ggatie between readings too imprecise
(unreliable), but one centigrade difference betwwemreadings of the temperature in a kitchen
oven might not bother us.

As mentioned above, using informants for measureérfignsending them a questionnaire) is a
threat to measurement validity. It is also a thteateliability, depending on how seriously the
informant conducts the measurement (or tries teereber something).

Note that Cronbach’s is an attempt to assess measurement validityreliability.
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Accuracy

If a measurement is valid and has a sufficient elegrf reliability (precision), a third and final
quality criterion is that the score is accurater Fstance, a set of scales can give a valid
measurement of weight and the score on that seaéave an acceptable degree of reliability
(precision), but it can consistently give a scdrat tis two units too high or low. This might or
might not be important. For instance, if we invgate the hypothesis that adhering to a specific
diet might result in successful slimming, we migbt bother that weight scores are consistently
two kilograms higher than the true weight of thetipgoants in our study, because this will not
influence an effect size that is expressed in tesfrtee number of kilograms lost (assuming that
we use the same set of scales for every measureandrdccuracy of the scales stays the same
during the study).

Evaluation of the quality of a study’s measurements

The aim of question 6 of the checklist is to suppaeader in assessing the quality of measurement
in a study. It contains questions about the differguality criteria discussed above. These
guestions should be answered for every variablaraggy.

6. How are the IV and DV measured?

Does measurement rely on informants or respondents?
Are informants or respondents trustworthy?

Are measurements valid?

Are measurements reliable?

Are measurements accurate?

PO oTR

A research report should allow a detailed assedssofi¢imese aspects of measurement by reporting
for every variable how evidence is sought, obseriegistered, and coded. The report should give
information about how the researcher has evalutied/alidity, reliability and accuracy of the
measurements in the study.
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CHAPTER 4
CRITICAL SYNTHESIS

This chapter discusses two main issues:
1. How is the result of a study discussed in a rese@gort? (Question 7 of the checklist for
critical evaluation of empirical evidence)
2. How can results of different studies be synthestzed

Conclusions from a single study

A theoretical claim (or “hypothesis”) applies toiverse (or “domain”) that usually is very large
or even infinite, i.e., all consumers everywheralbatimes, all firms everywhere at all times, etc.
It is not possible to measure the hypothesizeattiffichis whole domain, because it is not possible
(or at least not practical) to observe every sirgglse in the domain. The best we can do is to
investigate the effect in different subsets of thesnain (which we call “populations”). Therefore,
a theory-oriented research report (a “single stud/isually a study of just one population from
the domain.

Results of a single study pertain only to the $eases (“sample” or “data set”) that is studidd. |
the sample is a probability sample from a definedypation, then results can be inferred to that
population, with a margin of error that is repraseérnby the confidence interval. Because science
is not a form of magic or revelation, no conclusiwhatsoever can be drawn about cases (i.e.,
populations) that have not been studied. One ofettieaordinary characteristics of published
research reports is that in many of them it is abtuclaimed that general conclusions and
managerial recommendations can be derived fromsthdy. A research report can thus be
evaluated in terms of the extent to which the autiioks that results can be magically generalized
to other cases, other populations, other experisnenteven the future. Question 7a of the checklist
for critical evaluation Does the report make claims beyond the studiedlpbpn, i.e., a larger
population; another population; the theoretical damm the future?} formulates this question.

Because results of a single study cannot be geredaio other populations than the one studied,
the results of such a study can have only mandgetevance for the population that has been
studied. If we take this limitation in mind, we cask the question what exactly is the managerial
relevance of the study’s results for that poputatio those cases, one can ask the question: If it
is important for managers to change Y, is the ¢f§&xe in the study large enough to make it
worthwhile to engage in activities to change X? Hawch must X change in order to result in a
relevant change of Y? This is question 7d of theckhst for critical evaluatiorfWhat is the
practical relevance of the observed effect(sNote that this question must be answered by an
interpretation of the effect size (and its precisiexpressed by a confidence interval), and cannot
be answered by interpretingpaor t-value.
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In general, populations differ in important resgedtherefore, it is to be expected that effectssize
observed in different populations will differ. Hengf the results of a study differ from the result
of another study, one cannot draw the conclusiahdhly one of them can be right. (This mistake
is made in current discussions in psychology, ifctvithe failure to “replicate” a result is used as
an argument for doubting the sincerity or profesalcskills of researchers who have published
results that are different.) Obviously, results tenwrong, and every study must be critically
evaluated, but it is only to be expected that teswill differ between studies. The implicit
assumption behind the expectation that resultsfigrdnt studies should be more or less the same
is that the theoretical domain is homogeneous. gt be an acceptable assumption in natural
science, and hence sometimes in medicine, butértainly not an acceptable assumption in social
science as well as in business research. Homogeofdihe domain is the exception and should
only be assumedfter a series of studies in rather different populatibage all shown more or
less similar results. This issue is addressed legtipn 7b of the checklist for critical evaluation
(Is the theoretical domain assumed to be homogermdusterogeneou$?

If a study’s results are different from the resatother studies, it should never be assumed that
this study is closer to having demonstrated a “refiiéct size than any other study. Every result
must be considered as information about the padpuldhat is studied and, assuming that the
studies are good ones, differences between reshdtdd be interpreted as information about (real)
differences between populations. The question thecomes how these differences can be
explained. Hence, a quality criterion for the Dission section of a research report is whether (and
how) an attempt is made to compare and interpeetsthdy’s results with the results of other
studies. This criterion is expressed in questiofAre results compared (or synthesized) with those
of other studies)?

When all seven questions of the checklist for eaitievaluation have been answered (in some
detail), a conclusion can be drawn about diffeesptects of the quality of the study that has been
evaluated.

If it is concluded that the results of a study aatnme trusted (e.g. if no probability sample was
drawn in a cross-sectional study of a populationf considerable non-response has occurred; or
if measurement cannot be considered valid, reliableé accurate), then the study should be
considered as providingo empirical evidencabout the hypothesis. If the study was designed as
a study of the hypothesis, then the study musobsidered dailure.

If it is concluded that the results of a study bartrusted, but that the authors have not presented
and interpreted these results in a correct or médive manner (e.g., by reporting “significance”
and not reporting effect sizes), then one shouldkeman attempt to “rescue” the valuable
information that is contained in the study from ghwthor’s misinterpretations.

If it is our aim to generate a Critical Synthesigh®e empirical evidence regarding a hypothesis,

then we should select (only) those studies of ty@othesis that have trustworthy results and

synthesize the results of these studies. It iseqgo@immon that we can only generate such as
Synthesis after having found or computed relevaiiormation about effect sizes ourselves, when

that information was not reported in a study’s ngpo
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Critical Synthesis and meta-analysis

In theory-oriented research we want to find out hange the effect is of an independent variable
on a dependent variable in different parts of atéical domain. We are interested in the variation
of effect sizes through the domain: Is this vaoiatiarge or small? What is the smallest effect size
in the domain, and where do we find it? What isltiigest effect size in the domain, and where
do we find it? Can we find determinants of the &ioin or, in other words, can we explain or

predict where the effect size will be large or dth&tatistical meta-analysis can help us to find
answers to such questions. The input of statisticata-analysis consists of the effect sizes
observed in the studies in different populations.

A finding in a single study can be close or fanirthe actual effect in a population due to sampling
variation. Meta-analysis in its simplest form (igsa“fixed effect model”; see Cumming, pp. 207-
209) assumes that differences in findings betwéddliess can be attributed entirely (or mainly) to
sampling variation or, in other words, that alldas investigate the effect size in thame
population We take as an example for discussion a seri@éstitious studies of response time to
a word task, as presented by Cumming (pp.187-193).

Exercise 4.1
Take theOriginal 31 page ofESCI Meta-Analysisand answer the following questions:
* What is the hypothesis that is investigated in $eises of (fictitious) studies?
* What is the outcome of the meta-analysis?
* From which of the 16 single studies could one hareglicted this meta-analytic outcome?

In this simple example the hypothesis is not al@utlation between an independent and a
dependent variable but only an expectation abautrtean response time that will be observed in
a study (namely 300 milliseconds). The mean resptinges in this example differ considerably
between studies. For instance, in Study 13 (Malawean response time of 690 milliseconds is
observed, whereas in Study 15 (Over) the mean nsgptme is 314 milliseconds. The mean
response time as calculated in the meta-analygisti®ver 400 milliseconds; far more than 300
but far lower than 690. A first conclusion fromdhgxample is thato conclusions can be drawn
from a single studgf a theory. This shows that an effect size cdp bacorrectly estimated after

a series of replications

Also note that the outcome of a null hypothesisi§igance test in a single study does not give
any information that is relevant for an estimatidthe overall or average effect size. If one would
take the result of the study with the lowpstalue (here Study 13; highly significaptyalue not
presented in Figure 7.5) as the most convincingltieas is often done, then one severely
underestimates the “normal” or “average” speeesponse. Note that Study 6 (Fox) has observed
a mean response time that is very close to theageespeed, but that the finding of this study in
current routine practice would have been intergrete giving no evidence for a longer response
time than 300 milliseconds. This illustrates thatconclusions can be drawn from the statistical
significance of an outcome of a single study

Now consider a number of other issues regardirgeakample of meta-analysis (Exercise 4.2).
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Exercise 4.2
Regarding th®riginal 31 page ofESCI Meta-Analysis,answer the following questions:
* To what kind of people does the hypothesis (thatiean response time is 300 milliseconds) apply?
In other words, what is the “theoretical domain”?
* What is the relation between the subjects in thé&sgtudies and the theoretical domain?
* How is it explained that the mean effects diffensiderably between these 16 studies (from 314 @0 69
milliseconds)?
* What is the main assumption that makes the metlysasas presented here?

The distribution of mean response times in thisaagtalysis can entirely be explained as resulting
from sampling variation The assumption of a fixed-effect meta-analysthas the distribution of
findings represented in Figure 7.5 is caused bypfiagvariation only. Because thrie effect
size is assumed to be constant (“fixed”), differezgults from different parts of the domain can
and should be interpreted as resulting from sargplariation (also called “sampling error”) and
measurement error, not as reflecting true diffeesn&tatistical procedures of meta-analysis that
use the fixed effect model “correct” for these typé “error” and estimate the true effect size that
would have been observed if these errors woulcerist.

But, consider the possibility that Mahov is onetloé few researchers who does not conduct
experiments with his own students (which is thetireupractice in psychology, marketing, and
most other disciplines) but instead with memberthef“public”. Would it still be defensible to
assume that the difference in outcome between thieoM study (Study 13) and the other studies
is due to sampling variation only? And what if Gqi6tudy 7) and Over (Study 15) had conducted
their studies with, e.g., trained air force persafinThen the large differences in observed mean
response times might be, at least to a large extenéxplained by real differences between the
people studied and less by (still existing) sangpirariation. Therefore, and more realistically, it
must be assumed that the theoretical domain igdgegreous and that differences in findings
between studies must be attributed to actual @iffees in effect between the studied populations
rather than to sampling variation. This is the osaghy most researchers (and we in this book)
use the so-called “random effects model” for metahgsis (Cumming, p.209).

Because the effect sizes are expected to diffevd®st populations, a Critical Synthesis of the
extant empirical evidence regarding a hypothesisilshnot focus on calculating an “average” or
overall effect size for the domain. Such an averagehardly any meaning. Much more interesting
and relevant is generating (a) a description amahgfication of thevariationin effect size through
the domain and (b) an understanding of the detemmt$nof higher or lower effect sizes. “Simple
Meta-Analysis” (SMA), a simple software tool for taeanalysis developed at the Rotterdam
School of Management, generates a “predictionvatéof effect sizes in the domain, which is a
description and quantification of the variation abserved effect sizes. It does not contain a
possibility to investigate determinants of thatiaaon. Other, more complex software tools for
meta-analysis do contain such features.
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