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Abstract —This article presents a meta-analysisof experimentstesting the
hypothesis that consciousness (in particular, mental intention) can cause
tossed dice to land with specified targets face up. Seventy-three English
language reports, published from 1935 to 1987, wereretrieved. Thislitera
ture describes 148 studies reported by atotal of 52 investigators, involving
more than 2 million dice throws contributed by 2,569 subjects. The full
databaseindicatesthe presence of a physica biasthat artifactually inflated
hit rates when higher dice faces (e.g., the “6” face) were used as targets.
Analysis of a subset of 59 homogeneous studies employing experimental
protocols that controlled for these biases suggests that the experimental
effect sizeisindependentlyreplicabl e, significantly positive,and not explain-
able as an artifact of selective reporting or differencesin methodologica
quality. The estimated effect size for the full database lies more than 19
standard deviations from chance whilethe effect Sze for the subset of bal-
anced, homogeneousstudies lies 2.6 standard deviationsfrom chance. We
concludethat thisdatabase providesweak cumulativeevidencefor agenu-
ine relationship between mental intention and the fall of dice.

Introduction

lacta deaes. (Thedieiscast).
— JuliusCaesar (100-44 B.C)

Forty thousand years ago, primitive peoplesbdieved that destiny could be
reveded by casting bones, or influenced by sacrifice and prayer (Radin,
1957; Watson, 1988, p. 13). It appearsthat astragalomancy (divination by
dice) was universally employed in ancient times, with evidencefor "' casting
lots" ranging from African tribes, to the Inuit, to the Mayans. The related
concepts of chance and destiny play significant roles in the beliefs of early
peoples, as reflected, for example, in Siva, the Hindu god of a thousand
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names, who is portrayedin some statues as determining the fate of mankind
by throwing dice (Harvie, 1973).

Today, sophisticatedmen and women still **roll the bones™ in casinos, and
gtill fervently wish for favorable destinies. The language, garb, and technol-
ogy have changed, but the primeval urge to know and control fate remains
the same.

Isit possibleto mentally control how "thedieiscast?Many believe that
the answer must be "' no," for gambling casinosgenerally enjoy huge profits.
However, casino profitsare calculated by subtracting gamblers wins from
losses. With gambling wagersrunning in the hundredsof millionsof dollarsa
year in many casinos, and gamblers losing more than winning on average,
thegamblingindustry can still record a healthy profit. Gamblerswhotend to
win or lose consistently undoubtedly differ in innate mathematical abilities
and memory skills, but one wonderswhether some of the consistent winners
occasionaly violate chance expectation (assuminga fair game).

Beginningin 1935, researchers havetested the hypothesisthat the fal of
dice may beinfluenced by mental intention. Over the next half century, 52
investigators? published (in English) theresultsof 148 such studies. Thebasic
experiment is deceptively smple: A die face is prespecified, then a die (or
group of dice) istossed while the subject "'wills" that face to turn up. If the
subject's intention matchesthe resultingdie face, a**hit™ is scored. If more
hits are obtained than expected by chance, thisis taken as evidencefor the
hypothesis.

The relevant literature has been criticized and reviewed in detail numer-
oustimes (Edgeet a., 1986; Girden & Girden, 1985; Girden, 1962, Girden
et a., 1964; Murphy, 1962; Rhine, 1944), but in spite of continuing experi-
ments and reviews, no clear consensus has emerged on the state of the hy-
pothesis. Much of the ongoing controversy is undoubtedly the result of poor
replicability of the hypothesized effect, and thefact that behind thisstraight-
forward task liesa wide array of methodological pitfalls(Barber, 1976), any
one of which can legitimately cast doubt on experimental results.

Still another factor perpetuatingthe controversyisthat previousreviewsof
thisliterature have generaly focused more on the presenceof real or imag-
ined methodol ogical flawsthan on the empirical data itsdlf. Studiesexamin-
ing how refereesjudgetheadequacy of experimental reportshaveshown that
prior beiefsabout a hypothesiscorrel ate highly with assessmentsof method-
ological adequacy (e.g., Nisbett & Ross, 1980). Thus, in general, skeptics
tend to judge these experiments as methodol ogically flawed, while propo-
nentstend to see the same set of experimentsas methodol ogically adequate.
Thisinteraction between bdlief and assessment of flawsisimportant because
skepticscharacteristically dismissany experiment they consider to beflawed,
and hence, end up dismissing most if not all of the positiveevidence. The

! Largely stimulated by the work of J. B. Rhine, L. Rhine, and their colleagues.
2 “Investigators” are defined here as the combined number of unique authors.
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present report usesthe techniques of meta-analysi sto addressthe question of
methodological quality in away that ismoreexplicit and objectivethan the
narrative review (cf. Glass, McGaw, & Smith, 1981; Rosenthal, 1984).

| Method
Meta-Analysis

The quantitativeliterature review, aso called meta-anaysis, hasbecomea
valuable tool in the behavioral and socia sciences. Meta-analysisis analo-
gous to well-established procedures used in the physica sciences to deter-
mine physical parametersand constants. The technique assessestheissue of
replicationof ahypothesized effect within abody of studiesby examiningthe
distribution of ""effect Szes™ (Bangert-Drowns, 1986). I n the present context,
the null hypothesis (no mental influence on the fall of dice) specifiesan
expected mean effect size of zero. A homogeneousdistribution of effect Sizes
with nonzero mean indicates replication of an effect, and the size of the
deviation of the mean from itsexpected val ue estimatesthe magnitudeof the
effect.

Meta-analysesassume that effects being compared are similar acrossdif-
ferent experiments, that is, that al studies seek to estimate the same popula-
tion parameters. Thus, the scope of a quantitative review must be strictly
delimited to ensure appropriate commonality across the different studies
that are combined (Glass, 1978). Thiscan present a nontrivial problem be-
cause replication studiestypicaly investigatea number of variablesin addi-
tion to thosestudiedin the original experiments. I n the present case, because
different subjectsand experimental protocols were employed within the re-
viewed literature, some heterogeneity attributable to these factors was ex-
pected inthe obtained distribution of effect sizes. However, the circumscrip-
tion for the review required that every study in the database have the same
primary goa (mental influenceof thefal of dice) and, hence, would estimate
the same underlying effect.

Circumscription of Meta-Analysis

This meta-anaysis examined studies testing whether mental intention
couldinfluencethefal of diceand, in particular, causea prespecifieddieface
to land face up after being tossed. The usua measureof this"'influence” isa
statistical test that comparesthe number of obtained hitsto chance expecta
tion. Becausethistest isalmost dwaysreported asa standard normal deviate
(i.e., zscore) in the reviewed literature, we determined effect Sizeasa zscore
normalized by the square root of the samplesize(N), e = z/V]Tf, where N was
the total number of individual random events.

Excluded from thisanaysiswere experimentswhere the goal wasto cause
dice to fdl in specific locations (e.g., " placement™ studies), or where the
hypothesis involved looking at patterns of die falls (e.g., “quarter decline”
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and similar studies). Given this regtrictive circumscription, it should be
noted that J. B. Rhine (and well as other parapsychologists)considered that
the best evidence for a mental effect on dice were consistent patterns ob-
served in dice data rather than hits on prespecified die faces. Nevertheless,
the present study examined only the die face studiesin an attempt to evalu-
ate an elementary hypothesisin agroup of conceptually simpleexperiments.
If the present meta-analysi sshowed no evidencefor the el ementary hypothe-
g, there would be less motivation to study more complicated hypotheses
and experiments.

The Literature

Thefollowing journal s were surveyed for studiesfitting the above circum-
scription: Journal of Parapsychology, European Journal of Parapsychology,
Journal of the American Society for Psychical Research, and Journal of the
Society for Psychical Research. In addition, through the use of a specialized
bibliographicdatabase,® we retrieved other relevant studiesfrom the follow-
ing sources. Research Letter (of the University of Utrecht's Parapsychology
Laboratory), Newdletter of the Parapsychology Foundation, Proceedings of
the Society for Psychical Research, Proceedings of the First International
Conferenceof Parapsychological Studies, Journal of Experimental Psychol-
ogy, Parapsychological Journal of South Africa, and a book, The Algonquin
Experiments (see the references for details). Abstracts of the proceedings of
the annual conventions of the Parapsychol ogical Association, asreportedin
the volumes Research in Parapsychology (for the years 1980-1987), were
aso examined.?

Unit of Study

A "unit of study" was defined as the largest possible aggregation of non-
overlapping data collected under a singletarget (i.e., a predefined die face).
For each unit of study, the following data were recorded: The number of
subjects, theintended diefacetarget, theaim (i.e., to hit or to missthetarget),
the number of dice tossed at once, the total number of dice thrown in the
study (N),the number of hits(H), the probability of asingleevent (p),” and a
series of quality criteria (described below). From H, N, and p, a standard
normal deviate (z score, corrected for continuity) and an effect sze (e= z/
\/X/’), were calculated. The Sgn of the z score (and e) was established accord-
ing to whether the observed result matched the intended aim. Thus, a nega-

* Parapsychol ogical Sources of Information Center, 2 Plane Tree Lane, Dix Hills, NY 11746.

* We may have missed a few studies reported in Research in Parapsychology for the years
1972-1979.

* The usual hit probability wasp = 1/6, but in a few casesthe target was more than one die
face, such asfaces4, 5, or 6, in which case the hit probability wasadjusted accordingly.
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tivez scoreobtained under intention to* am low”” wasrecorded asa positive
score.$

Control studieswere defined as experiments performed under conditions
in which (a) dice were tossed with no specified target aim, and (b) the condi-
tion was defined as such in the published report. This definition excluded
some studies in which control data was collected by replicating an experi-
ment with adifferent aim (e.g., aiminglow for the sametarget, or aiming for
faces 1 through 6 an equal number of times). These studies were coded as
"protocol™ controls.

Mean Effect Size

Given the per study effect size ¢, described above, the overdl weighted
mean effect size was calculated as e = 2 w;¢;/2 w;, Where w, = N;, and i
rangesfrom 1to Kstudies. Thestandard error of éis s, = 1/} Z w,. A quality-
weighted effect szewasdetermined asé, = 2 (Q,w;€;)/ 2 (Q;w;), where Q; is
the quality score (described below) assessed for study i. The standard error
associated with &, is sep, = V2 (Q?0,)/(Z (Q;m,)

Quality Criteria

Thefollowingquality criteriacover virtualy all published criticismsof the
present experiments, including the issues raised in Girden’s (1962) critical
review of dice experiments. The criteria were coded as being either present
(1) or absent (0) in each report:

(A) Automatic recording—Die faces automatically recorded onto perma-
nent medium (e.g., photographed onto film). This helped eliminate
human recording errors, and reduced the possibility of data selection.

(B) Independent recording— Independent (human) data recorder, other
than the experimenter. If present, this criterion helped increase the
trustworthinessof the recorded data, and provided aseparaterecordfor
later comparison and double checking.

(C) Data selection prevented—Thisrefersto designswith sequential-frame
photographic data recordings, or studies in which data was kept in
bound record books, or some other method of ensuring that all data
were used in the final analysis.

(D) Data double checked—Data was manually or automatically double
checked for accuracy.

(E) Witnesses present—Witnesses were present during data recording to
help reduce the possibility of mistakesor fraud.

(F) Control noted—A control study was mentioned, but no details were

¢ Six of 148 ofexperimental studieswerelowaim, i.e., the prescribedintention wasto missthe
target face.
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published. Thiscriterion reflectsthe fact that the author(s) recognized
the importance of performinga control test.

(G) Local control — Control data obtained under the sameconditionsasthe
experiment, using the samesubject(s) and same conditions, but with no
specific mental effort applied to the dice. A loca control is usualy
conducted at the same time as the experiment, sometimes alternated
with experimental conditions.

(H) Protocol control —Study designed in a manner such that controls are
inherently a part of the experiment (e.g., controls for dice bias, equal
number of throwsfor each dieface, equal number of throwsfor asingle
die facein both high- and low-aim conditions, etc.).

(1) Calibration control —Long-term randomness test; usually before and
after an experimental series. This differs from a loca control by its
longer duration, and by not being conducted under the samesetup and
protocols as the experiment itsdlf.

(J) Fixed run lengths— Optiona stopping ruled out by prespecified design.

(K) Formal study — Prespecified methodol ogy; analyses prespecifiedin ad-
vance of experimentation.

In addition to the above factors, the following criteria were coded with
(arbitrarily assigned) partial credit:

(L) Dicetossmethod—
0.00 = dicetossed by hand,
0.50 = dicetossed by hand but bounced against a back wall,
103D = dice tossed by a cup or chute (semimechanical release),
2.00 = tossed automatically by machine.
(M) Subject type—
0.00 = personsselected on the basisof prior performanceor individuals
claiming special abilities,'
0.50 = experimenter(s) as sole subject,
0.75 = experimenter participatedin experiment along with subjects,
103D = unselected subjects.

The maximum scoreastudy could receiveisthe sum of the present/absent
codes, plus2for thedicetoss method and 1 for unsel ected subjects, for atotal
of 14. Thisreatively simpleadditive method has been shown to be an excel-
lent predictor of overall methodological quality (Dawes, 1979). Note that
this quality measureis dependent on the detailsthat researchersdescribein
their publications,thus, given that someparticularsmay beleft out of shorter

" This criterion is assigned zero credit to reflect the skeptical suspicion that personsclaiming
specia abilitiesmay be more induced to attempt fraud to back up their claim. Recdl that these
criteriaaredesigned to reflect a worse-caseassessment of experimental methodology. It could be
argued that persons selected on the basis of prior performanceshould be assigned higher credit.

e
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Fig. 1. Effect sze meansfor controls, experiments, experimentsweighted by quality, and for 24
experimenterswho performed three or fewer studies. Error barsare one standard error.

reports and abstracts, the present quality measure is expected to underesti-
mate "'true’ methodologica quality.

Results

Overall Analysis

The literature search retrieved 73 relevant publications, representingthe
effortsof 52 investigators(40 different first authors) from 1935to 1987. Over
this 53-year period, a total of 2,569 subjects attempted to "'influence"
2,592,817 dice-castsin 148 experimental studies, and 153,288 dice-castsin
31 control studies. Sample size (i.e., the number of dice tossed) per study
ranged from 60 to 240,000 (median = 5,500); the number of subjects per
study ranged from 1 to 393 (median = 3). Of the 148 studies, 44% were
individually significant at the 5%level.

Figure 1 summarizesthe overall results: a nonzero effect for experimental
studies (¢ = .01220 a.00062),® and a control effect within chance limits(é
=.00093 + .00255, p = .715).° The overdl leve of statistical significance

¢ Weighted mean effect size estimate, plusand minus one standard error.

° Probabilities are estimates calculated with the ""STAT PAC" inverse normal distribution
function on the Hewlett-Packard HP41CX programmable calculator. Probabilitiesassociated
with effect sizesare determined from z = ¢/se, whereseisthe standard error.

— |
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(Stouffer z method) for experimental studies is z = 18.2, and for control
studies, z = 0.18. Experimental effect size weighted by methodological qual-
ity isalso nonzero (¢ = .00723 = .00071). Note that the quality weighted
effect size is significantly smaller than the nonweighted effect size. More
about thislater.

The number of studies conducted per investigator'® ranged from 1 to 21,
with the majority of investigators(64%)reporting one, two, or three studies.
To examine the possibility that a minority of investigatorsreporting four or
more studies may have skewed the mean effect size with exceptionally large
scores, we calculated mean effect size for 25 investigators reporting three
or fewer studies (n = 42 studies). The result was € = .01640 + (D126, thus
the overall effect size does not appear to be due to a few exceptional inves-
tigators.

Filedrawer Analysis

In the behavioral and socid sciencesit is wdl known that experiments
with significant resultstend to be published more often than nonsignificant
studies (Hedges, 1984; lyengar & Greenhouse, 1987; McNemar, 1960). Ina
meta-analysis, this reporting bias may inflate the estimate of effect size and
overall statistical significance. Thisiscalled the " filedrawer effect.” Oneway
of assessing the effect of this presumed hidden filedrawer of nonsignificant
studiesis by calculating a'*failsafe’ number (see Rosenthal, 1984, p. 108).
Thisisthe number required to reduce the observed overall mean zscoretoa
nonsignificant level (i.e., just below z = 1.645).

In the present analysis, the failsafe number is17,974. Thismeansit would
take almost 18,000 additional studies averaging a null effect to reduce the
observed resultsto a nonsignificant level. Thisisaratio of 121 unretrieved,
nonsignificant studies to each study retrieved in the meta-analysis. Ro-
senthal (1984, p. 110) suggests that an effect is robust with respect to the
filedrawer if thisratio is 5:1 or greater. A filedrawer of 18,000 studies would
require, for example, each of the 52 investigators involved in these dice
experiments to have conducted one unpublished, nonsignificant study per
month, every month, for 28 years.

Thereisanother way to addressthefiledrawer problem. If investigators(or
journal editors) tend to favor publication of statistically significant reports,
we might expect the distribution of reported z scores to show a depressed
number of studies reported just before the point of conventional signifi-
cance, or a discontinuous "' spike' starting at z = 1.645. Figure 2 plots the
distribution of z scores; a suspected filedrawer **notch™ is evident in the
range 1.0 < z < 2.0. This notch gives us a way to estimate the size of the
"red" filedrawer.

10" Investigator" here refersto the first author of a publication; there were 40 different first
authorsin the present database.

e
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Fig. 2. Distribution of observed z scores, expected normal curve based on 148 studies, and best
Gaussian fit to the observed distribution.

We begin by assumingthat the positivetail of the curve (scoresz= 1.645)
does not hide a filedrawer effect. Sincethis portion is, by definition, 5%0of a
normal distribution, we can reconstruct the magnitude of the" entire™ distri-
bution. The number of studiesin the positivetail is65, thusthe total distri-
bution is 20 X 65, or 1,300 studies. Subtracting the 148 observed studies
from this figure leaves our estimate for the size of the "'true" filedrawer at
1,152, for aratio of ninefiledrawer studiesfor each observed study. Now we
append to the reported z-score distribution an additional 1,152 z scores,
selected at random from a normal distribution and bounded within the
range —1.645 < z < 1.645. The Stouffer z score resulting from this file-
drawer-adjusted databaseis 7.557 (p< 10713).

We can aso add an additional 1,152 nonsignificant effect sizes to the
origina distribution to determine a new, filedrawer-weighted effect size. To
form the nonsignificant effect sizes, we used the randomly selected z scores
generated for the above filedrawer-adjusted database, as wdl as the same
sample sizes observed in the original data. The procedure was to take the
sampleszesfrom the 148 original studies and replicatethat set eight times
(subtracting 32 extradata points) until 1,152 samplessizes were generated.
Then, effect sizeswere calculatedin the usual way (z/\/IT/for eachstudy). The
resulting overall mean effect szewasé = .00165 = .00021 (p< 107'%). This
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distribution consisted of an overal sample size of some 23 million (simu-
lated) dice tosses. Thus, it seemsthat the filedrawer problem cannot ade-
quately explain the mean effect size or the overal levd of statistical signifi-
cancein thisdatabase.

It must be noted, however, that the above assessment of the filedrawer
effect makestheimplicit assumption that significantly negativestudiesareas
likely to be reported assignificantly positivestudies. In fact, only eight stud-
ies were reported as significantly negative (compared to 65 positive), imply-
ing that significantly negative studies truly occurred some eight times less
often than significantly positive studies, or that there was a reporting (or
editorial) bias favoring the publication of positive studies. Which isa more
plausible conclusion?

One way of addressing thisissueisto compare studies published before
and after the mid-1970s, for this is when the Journal of Parapsychology
adopted the policy of publishing al studies, positive or negative, significant
or nonsignificant (Broughton, 1987). The number of studiespublished after
say, 1975, was 16. Of these, one was significantly negative and three were
significantly positive. If we assume that reporting of post-1975 studiesis not
biased according to the outcome of the study (recognizingthe fact that the
post-1975 sample size is small), this would imply that a genuine ' mental
effect” may produce something like a 3:1 ratio of significantly positive to
negative studies. If we reduce the full databaseratio of 8:1 by three, we are
dtill left with a5:1 ratio, implying that the pre-1975 databaseindeed contains
a reporting bias favoring studies reporting positive significance. Therefore,
we must consider the overall (1935-1987) database as suspect with respectto
the filedrawer problem.

Another way of examining the potential biasing effectsof selective report-
ing isto examine the rel ationship between reported z scoresand the year of
publication. This relationship, shown in Figure 3, reveds that studies re-
ported from the 1940sthrough the 1960swere substantial ly moresignificant
than later studies. This suggeststhat (@) earlier studies were conducted in
some significantly different fashion than later studies, (b) that the effect
declined over the years, or (c) that the apparently greater magnitude of the
earlier studies reflect an artifact of selective reporting. We believethat selec-
tive reportingis the more parsimonious explanation of thisdecline. (How-
ever, it isinterestingto notethat effect sizedoes not significantlydecline over
time; dope= —-.001, t,,, = 1.691, p=.093.)

Homogeneity Analysis

If replication experimentswere exact, and if the hypothetical ability were
uniformin the population, the distribution of effect sizesmight be expected
to be homogeneous. However, such distributions are rarely homogeneous
because replicationsare rarely intended to be exact. Instead, most experi-
mentsare designed to examine the same or similar phenomena under many

—
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Fig. 3. Reported z scoresdeclined over time (slope= -.059, ¢4, = 3.15 1, p = .002).

different conditions. Thus, to adjust for the heterogeneity introduced by
different experimental conditions, and to reduce possibility that the overal
mean effect size (and significancelevels) may have been spuriously enlarged
by extreme values, we deleted potential " outlier' studies as follows: If the
homogeneity statistic™ for al studies combined was significant (at the p
< .05levd), thestudy that produced thelargest reduction in thisstatisticwas
deleted. This procedure was repeated, reducing the database one study at a
time, until the homogeneity statistic had become nonsignificant.

Results showed that out of the total of 148 studies, it was necessary to
delete 52 (35%)to produce a homogeneousdistribution of effect sizes. This
may be compared with exemplary physical and socid sciencereviews, where
it issometimes necessary to discard as many as45%0f the studiesto achieve
a homogeneousdistribution of effect sizes (Hedges, 1987). Of the discarded
studies, 33 had positive effect sizes (22% of the entire database) and 19 had
negativeeffect 9zes(13%).The mean weighted effect sizewith the remaining
96 studiesisé = 0.00459 + .00087. Thecombined significanceleve (Stouffer
z) of these 96 studiesis z = 5.336 (p < 1077). This homogeneity analysis
suggests that the experimental effect isindependently replicable.

Note that a filedrawer failsafe number is based on the assumption that a
distribution contains all retrievable studies. When some studies are elimi-
nated as dtatistical outliers, asin a homogenized distribution, we have by

' A test for homogeneity for X estimatesof ¢; isgiven by Hy = ¥ w(e; — &)*, where H, hasa
chi-squaredistribution with K — 1 degrees of freedom.

—
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definition created a selected subset of studies, so one of the underlying as-
sumptions of the filedrawer effect is violated. We assume that if the file-
drawer effect isrobust with respect to afull distribution, then it isalso robust
with respect to the homogenized form of that distribution. (However, in the
present case, since the pre-1975 database is uncertain with respect to the
filedrawer problem, the homogeneous subset is suspect as well.)

Temporal Analysis

Some critics assert that each new generation of parapsychologistsstarts
from scratch, without acknowledging or benefitting from previous re-
searchers efforts(e.g., Marks, 1986). The assertion is part of an argument
aleging that parapsychology isa pseudoscience, because it lacksa research
tradition, like a "'red" science. The assertion can be tested by examining
asessed experimental quality over time (seeFig. 4). Thetrend issignificantly
positive, indicating that later researchersdid not take note of earlier method-
ological criticisms. The critical allegation is not supported.

Quality Analysis

Critics have long maintained that experimental effectsin parapsychology
will decline as methodol ogical quality improves, thereby reflecting a regres-
sion to the true (null hypothesis) mean effect size of zero. The relationship
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Fig. 4. Methodologica quality improved over time (lope= .07, 1,4, = 5.12, p<10~%). [Some of
the pointsin this and followinggraphs may overlap, thus the number of plotted points
may appear to be fewer than indicated by the degrees of freedom. In al graphsit was
confirmed that all data pointsarein fact plotted.]
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between assessed methodological quality and experimental effect szein the
full database is nearly significantly negative (slope= —.002, 7,,s = 1.845,p
=.0672), but this decline is less apparent in the homogeneous database
(Fig. 5).

However, the dopes from these linear regressionsdo not reflect the fact
that we should have greater confidence in effect size estimates from studies
with larger sample sizes and less confidence in studies with smaller sample
sizes. Therefore, a more appropriate test would examine the slope of a
weighted linear regression, where the weight reflects our confidence in the
individual effect sizes. We usetheinverseof thestandard error astheweight-
ing factor for each study (i.e., weight = \/]7, where N isthe sample sizefrom
study i).

Thedope(x 1standard error) of aweighted linear regression for theentire
database is —0.0029 + 0.0010 (N = 148, z = slope/se = —2.874, p = .004).
Thus, in the overall database, there is indeed evidence that effect size de-
creasesasquality increases. Thisisalso reflectedin the fact that the quality-
weighted effect sizeisabout half the unwei ghted effect size (asshown in Fig.
1). However, this relationship is not significant in the homogeneous data-
base: slope = —0.0006+ 0.0007 (N= 96, z = —0.8927, p = .372). Based upon
the assumption that a homogeneous database providesa better basis upon
which to assessthe magnitude of an effect size, it appearsthat the effectisnot
affected by methodological quality. Still, it is prudent to keep in mind that
the slope observed in the overall database supports the critics' assertion.
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Fig. 5. In the homogeneous database, effect size is essentially constant across methodological
quality (slope= —-@D1, tg5 = .802, p = .4244).
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Distributional Analysis

Some critics have claimed that some ps studies involving dice are flawed
because the a priori probabilities of die faces are rarely equal (Scarne,
1974).2 These biases arise because die faces on most common dice are
marked by scooping out small bitsof material. For example, the6” face has
sx scoops removed which causeit to have dightly less massthan the other
die faces. On any random toss, this bias makesthe 6 most likely to land face
up, followed by the 5, 4, 3, 2, and 1 face. Thus, an experiment exclusively
usingthe 6 faceasthetarget may be flawedbecause we could not tell whether
the reported results were due to a consciousness-mediated influence, or the
(potentially) higher probability of a 6.

To see whether this suspected dice bias was present in the current data-
base, we examined all reports where published data allowed the separate
calculation of effect size for each die face tossed under experimental and
control conditions. The biases(Fig.6) arefound in thesestudies, asindicated
by a high correlation between the experimental and control curves (r
= 0.826), as well as a significantly positive slope of a linear regression be-
tween the two curves (slope= 0.514, t, = 2.935, p = .0426).

However, the observed experimental effect sizesalso suggest the presence
of an anomaly beyond the artifacts caused by dice biases. For example, in
Figure 6 we see that for each die face the experimental effect sizeislarger
than the control; and after a Bonferroni adjustment, wefind that dieface6is
significantly larger (z = 3.765, p = .0002, two-tailed"?).

But, regardlessof this suggestive difference, the presenceof any artifact in
thisgroup of studies raisesdoubts about the overall database. Therefore, we
examined a subset of studies that controlled for these dice biases—<studies
employing design protocols where die faceswere equally distributed among
the six targets. We refer to such studies asthe** balanced protocol subset.

Balanced Protocol Analysis

Sixty-nineexperimental studiesemployed protocolsin which targetswere
evenly balanced among the six die faces. These studies (Table 1) show (a)
evidencefor the " mental influence™ hypothesis, both in terms of effect size
and overal level of statistical significance; (b) an effect sizethat isrelatively
constant across different measures of methodological quality; and (c) a file-
drawer requiring a 20:1 ratio of unretrieved, nonsignificant studiesfor each
observed study.

However, as mentioned in theanalysisof theentire database, it isobserved
that of these 69 studies, 23 were reported assignificantly positive whileonly

'2 1t should be noted that J. B. Rhineand hiscolleagueswereamong thefirst to recognizeand
take into account the dice bias problem.
'3 The statistic used to determine significanceof the difference between means was z = (e

— eo)/Vseg® + sect.
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Fg. 6. Relationship between die face and effect size for experimental and control conditions.
The numbers indicate the number of studies contributing to the effect size estimate.
Error bars are one standard errors.

one was reported as significantly negative. The large excess of significant
positive studies raisesthe possibility of a reporting bias, so to examinethis
issue, we calculated the rel ationship between reported z scores and time of
publication. A linear regression results in a virtualy flat dope (dope =
—.002, £, = .136, p = .892); aregression between effect sizeand timeisaso
nonsignificant (sope= .0003,t = 1.109, p = .272). Therefore, thereisreason

TABLE 1
Analysisof subset of studies using balanced target protocols. The quality vs. effect size slope
iscalculated using a weighted linear regression, as discussed above
in the section on Quality Analysis

Probability
(Two-tailed)
Number of studies 69
Effect size 00861 +.00110 <107
Quality-weighted effect size .00706 + 00115 <10~
Quality vs effect Sze dope —.00081 + .00007 279
Stouffer z 7.617 <1074

Filedrawer failsafe number 1410
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TABLE 2
Analysisof homogeneoussubset of studiesusing balanced target protocols

Probability
(Two-tailed)
Number of studies 59
Effect size .00315 £.00121 .009
Quality-weighted effect size .00294 + AD126 .020
Slope for quality vs effect Sze —.00013 £ .00024 .603
Stouffer z 3188 01

to believe that this subset of the entire database does not appear to be seri-
ously compromised by a selective reporting artifact.

A similar analysis was performed on a homogenized, balanced distribu-
tion (achieved after discarding 10, or 14% of the studies). Results summa-
rized in Table 2 show (a) evidencefor the hypothesized effect in a homoge-
neous subset of experiments, suggesting that the effect is replicable; and (b)
the effect S zeisessentially constant acrossdifferent measuresof methodol og-
ical quality.

Efect of Different Quality Weighting Schemes

One might argue that the method used to assessexperimental quality was
nonoptimal because it gave the same (unit) weight to the different criteria
used to ratequality. For example, one might assert that the ' balanced proto-
col'" quality criterion should be weighted more heavily than, say, the "' data
doubled-checked" criterion, because without a balanced protocol one could
not be sure how much of thefina effect wasdueto inherent dice biases. The
same goesfor the other quality criteria— some are arguably moreimportant
than others, and the overall quality assessment should take such differences
into account.

To judge the effects of different weighting schemes, we asked 11 scien-
tists'* to assign importance weightsto each of thequality criteria. A scaleof 1
to 5 was used, where 1 indicated that a criterion wasof relatively low impor-
tance in establishing a credible dice experiment, and 5 indicated critical
importance. Table 3 showsthe meansand standard deviationsof their com-
bined responses, listed in descending order by weight.

On observing the vaues in Table 3, notice that there is relatively good
agreement on which criteria are judged to be important in establishing a
credible dice experiment, and which criteriaare judged as not so important.

' This included seven members of the Parapsychological Association, two members of the
Society for Scientific Exploration, an experimental physicist,and acomputer scientist. All were
familiar with standard experimental methodologies.
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TABLE 3
Means and standard deviations for quality criteria weightingfactors

Criterion Mean Weight SD
Dice-machine 4.73 0.65
Protocol control 4.45 0.69
Fixed run lengths 4.27 0.79
Automatic recording 4.09 0.83
Formal study 4.00 1.18
No data selection 3.82 1.17
Local control 3.82 1.40
Double check data 3.82 1.40
Independent recording 3.64 1.03
Dice-cup 345 1.13
Witnesses present 3.36 1.36
Calibration 3.18 1.40
Subjects—unselected 2.73 1.35
Subjects— experimenter and unselected 2.64 112
Subjects—selected 2.55 1.29
Subjects— experimenter only 2.27 1.42
Dice— bounced 2.00 1.34
Control noted 1.73 1.35
Dice—by hand 1.00 0.63

Thisagreement is reflected in the fact that more extreme weightsgenerally
resulted in smaller standard deviations. To reflect these agreements, we cre-
ated a simplified weighting scheme in which criteria rated with a mean of 4
or abovewereassigned a5, and the rest were assigned a 1. Thesewerecalled
extreme weights, whereas the means from the survey were called opi ni on
weights.

To assessthe effect of these new weighting schemes on the meta-analys's,
we produced three arrays of quality scoresfor al 148 studies: one array for
the original method, and one for each of the new weighting schemes. Then
we examined the correlation matrix among thesearrays. Table 4 showsthat
these three methods produced similar overall scores. This confirmsthe ex-
pectation that a simple combination of unit weightson various elementary
variables can be as good as (and sometimes better than) so-called expert
opinion (Dawes, 1979).

TABLE 4
Correlation matrix for three methods of weighting experimental quality (N = 148)
Unit Opinion Expert
Unit 1 —
Extreme 872 1 —
Opinion 916 957 1
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Potential Moderating Variables

Further analysisrevealed a possible moderator variable: effect sizein the
homogeneous database (N = 96) differed according to the type of subjects
tested (Fig. 7). Thissuggeststhat unsel ected subjectsdid not perform aswell
as persons selected on the basis of prior testing. Honorton & Ferrari (1989)
reported similar findings in a meta-analysis of forced-choice precogni-
tion tests.

Discussion

Reviews of dice experiments have raised humerous arguments why the
evidence for a" mental influence™ hypothesisshould not be taken seriously
(e.g., Girden, 1962, 1985). Besides raising an assortment of methodological
and statistical criticismsthat can affect al experiments, severd dice-specific
criticismsare often mentioned. Oneisthefact that the a priori probabilities
of diefacesare rarely equal (Scarne, 1974); arelated problem isthat dieface
probabilitiestend to change as dice are used (Scarne, 1974). In addition, the
effectsof environmental variableson dice behavior (such astemperature and
humidity) can be difficult to predict. Nevertheless, by controlling for these
and other factorsthat can potentially introduce statistical biases, a rigorous
dice experiment can be performed.

0.030

0.026 -
0.022 -

0.018 -

0.014 4 % N=9

0.010 4 { NE 20

N=42

effect size

0.006

unselected E with S Edone Heated
subject type

Fig. 7. Effect size by thetype of subject, with standard error bars. " Unselected" werevolunteers;
"E with ™ means that experimenters participated as subjects in the experiment along
with other subjects; "'E alone' means that experimenters were the sole subjects; and
" Selected" weresubjectschosen on the basisof prior testing.” Nisthe number of studies
used to determine the effect size.
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In analyzing the full database, an overall experimental effect was observed
to be morethan 19 standard errorsfrom chancel® whilethe control effect size
was within 1 se. After partialing out those first authors who had reported
three or fewer studies, the experimental effect sizewasfound to be 13 se, thus
the effect could not be explained as an artifact of a few experimenterswho
had reported exceptionallysignificant results. A filedrawer analysisindicated
that nearly 18,000 additional nonsignificant studies would be required to
nullify the observed results, thus selective reporting would not be a reason-
able explanation for the effect.

Next, we addressed the possibility that the resultswere primarily caused by
studies that can be identified as statistical outliers. This was examined by
creating and analyzing a homogeneous distribution of effect sizes. This re-
duced the overal effect sizefrom 13to 5 se. This 5 se homogeneous result
suggested that the anomaly is both genuine and replicable.

The next stepwasto see whether effect sizeswould declineasexperimental
quality improved—the "' regression-to-the-mean' criticism. If such a rela
tionship were observed, it would suggest that the **perfect’ experiment
would consistently demonstrate null results. Analysis of the full database,
using a linear regresson weighted by experimental sample size, did lend
support to the regression-to-the-mean hypothesis, however analysis of the
homogeneoussubset did not.

The next analysis examined the data for evidence of biases that can be
attributed to dight differences of mass among the different dice faces. Evi-
dencefor this biaswasfound, prompting an analysis of a subset of the data-
base in which such biases were controlled for by experimental protocal. In
this subset of 69 **balanced protocol™ studies, the effect Sze was some 7 se,
the effect did not significantly covary with quality, and the filedrawer effect
required 20 nonsignificant studies for each observed study. To achieve a
homogeni zed subset of balanced studies, it was necessary to discard 10 out-
liers. This lowered the effect to 2.6 se, but no significant relationship with
quality was observed.

The last analysis addressed the question of whether a different weighting
scheme might have provided quality assessment scores that better reflect
expert opinion. Thisanalysisindicated that weights based upon expert opin-
ion, an extreme weighting scheme, and unit weighting all produced similar
scores, thus the original quality assessment method was deemed to be an
adequate measure of experimental quality.

Conclusion

This meta-analysisexamined a straightforward hypothesis: Mental inten-
tion iscorrelated with the fall of specified die faces. Based primarily on the
analysis of a homogeneoussubset of balanced protocol studies, we conclude

!5 Hereafter, the phrase “‘standard errors from chance” is designated as “se.”
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that the aggregate evidence suggeststhe presence of a weak, genuine mental
effect.

Many parapsychologistsconsider the best evidence for a mental intention
effect on dice to be consistent patterns observed in the data rather than
simple counts of direct hits on die faces. Given that we believe the present
meta-analysis provides some evidencefor a mental effect on dice, we recom-
mend that future meta-analyses of dice studies concentrate on examining
these claimed patterns.

The possible mental effect evaluated in this study resemblessimilar con-
sciousness-related effects observed in both microscopic (Radin & Nelson,
1989; Schmidt, 1987) and macroscopic (Dunne, Nelson, & Jahn, 1988) ran-
dom physica systems.
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