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Frequencies and Descriptives

(Note that some aspects of this output have been rearranged for the sake of presentation!)

Descriptive Statistics

“N” provides the sample size for the entire
data set. “Missing” refers to the number of
entries that are blank, whereas “Valid” is
the number of entries that are not blank.

score /
8
0

4.000
3.117
9.714

i entile
50t percentile
th percentile

2.250
4.000
5.500

Fm

/ Frequegcy  Pércent  Valid Percdnt  Cymulative Percekt
0 2
3 1
4 2
5 1
7 1
1
issing
Tota 8

The “Mean”, “Standard Deviation”, and “Variance” are all calculated as
unbiased estimates of the respective population parameter. Here, the mean
is determined as the average of the scores weighted by their frequencies:

X(fY) @x0)+(1x3)+(@2x4)+ (A x5+ (1x7)+(1 ><8)_4
N 8 -

M=

The “Variance” and “Std. Deviation” are both functions of the Sum of Squares
(not shown in the output) of the scores in the frequency distribution:

SS=Zf(Y—M)

SS=2(0-4)2+1(3—4)2+2(4—4)2 +1(5 — 4)? + 1(7 — 4)?
+1(8 —4)? = 68

Then, the “Variance” (also known as Mean Squares) is calculated as:

SS 68
— =9.714

MMS = 5=

Finally, the “Std. Deviation” is determined by:
SD =+VMS =+9.71 = 3.117

“Percentiles” provide the scores associated with particular percentile ranks.
For example, the 50" percentile is the score in the following position:

Position = PR(N +1) = .50(8 + 1) = 4.5

Thus, the score at the 50" percentile is the 4.5" score in the frequency
distribution — a score of 4.

The first column lists all of the
actual scores in the entire data
set. “Frequency” indicates the
number of times that score

Thé “Percent” column provides
the percentage of cases for each
possible score. For example, of
the 8 scores in the entire data

. e th set, the score of 4 was listed 2
exists. For example, the score times and 2/8 is 25.0%.

4 was listed 2 times.

| The “Valid Percent” column [ Cumulative Percent” is the sum
provides the percentage of cases of all percentages up to and
for each possible score divided by including the row in question. For
the total number of cases. Here, example, 62.5% of scores were a
there were no missing scores, so 4 or smaller. Similarly, 37.5%
the percent columns are equal. were a 3 or smaller.
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Correlations

(Additional analyses have been added for the sake of completeness!)

Descriptives

Descriptive Statistics

score otteeme
alid 4 4
Missing 0 0
Mean 2.000 6.000
eviation 2.449 2.449

Correlation Matrix

Pearson Correlations

Outcomey  Outcome?
| >

44—

These statistics were obtained using the “Descriptives” command described
on the previous page of this guide. Note that they are calculated separately
for each variable.

Pearson’s r 0.500
p-value
Pearson’s r
p-value

Outcomel

Outcome?2

*p<.05,* p< .01, ** p<.00L

These variables represent the relationship
between each variable and itself. Because
variables are perfectly correlated with
themselves (r = 1.0), these quadrants
provide no useful information.

This quadrant represents the relationship between the two variables.

The calculations are dependent on the “Covariance” (COV), which is not
determinable from the summary statistics provided, but rather the data.
Therefore, the calculations for it are not shown here.

“Pearson’s r” is a function of the covariance and the standard deviations of
both variables:
cov 3.000

"= DD, - 2as)(zasy - 00

Though the statistic is not shown, t provides the standardized statistic for
testing whether the correlation differs from zero:

r _ .500 — Gie
JA-m)/N—=2) dA-.5000)/(4—2)

The t statistic follows a hon-normal (studentized or t) distribution that
depends on degrees of freedom. Here, df =N -2 =4 -2 =2, At with 4 df
that equals .816 has a two-tailed probability (p) of .500, which is not a
statistically significant finding.
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Confidence Intervals

(Note that some aspects of this output have been rearranged for the sake of presentation!)

These values of the one-sample statistics are identical to the values that would be
provided by the “Descriptives” commands. See the earlier annotated output for details of
how these are computed from frequency distributions.

Desceipti v v D /SE\ The “Standard Error of the Mean” provides an estimate of how spread out the
can Y \: distribution of all possible random sample means would be. Here it's
utcome 8.000 4.000 3.117_A 1102 ) calculated as:
SE. = SD _ 3.117 — 1102
MTUNT VB T

One Sample T-Test

~ 95% Confidence Interval ™\

t df p ( Lower Upper )
Outcome \_ 3.360 7 0.008 / 1.394 6.606
Note. All tests,\mehesis_i.s_ﬁapuJaﬂen—meﬁs different from 6 ﬁk
This material provides a statistical This section provides a confidence interval around (centered on) the “Mean.” Calculation
significance test. It is important for the next requires the appropriate critical value. Specifically, the t statistic (with 7 df) that has a
topic, but not immediately relevant to the probability of .05 equals 2.365. As a result:
confidence interval. Cly = M + (teprriear) (SEy) = 4.000 + (2.365)(1.102)
Thus, the researcher estimates that the true population mean is somewhere between
1.394 and 6.606 (knowing that the estimate could be incorrect).
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One Samplet Test

(Note that some aspects of this output have been rearranged for the sake of presentation!)

These values of the one-sample statistics are identical to the values that would be
provided by the “Descriptives” commands. See the earlier annotated output for details of
how these are computed from frequency distributions.

Des v v s~ SE ) The “Standard Error of the Mean” provides an estimate of how spread out the
Q can < distribution of all possible random sample means would be. Here it's
utcome 8.000 4.000 3.117_A 1102 ) calculated as:
~—" o S _3u7_
YTUN T V8 '
“Cohen’s d” provides a standardized
One Sample T-Test effect size for the difference between
95% Confidence Inter the two means.
t df P m Cohen's d|( Lower Upper M-—u -=3.000
Outcome \__-2.722 7 0.030 _/ 3000 )\ _-0963 ] \_5.606 __ -0.394 d=—p==3q1; — 0963
Note. All tests,\mehesis_i.s_ﬁapuJaﬂen—meﬁs differént from 6 . Given Cohen’s heuristics for
interpreting effect sizes, this would be
The “statistic”, “df”, and “p” columns provide The “Mean Difference” is CRNEREEE & I Cias
the results of the statistical significance test. the difference between

First, t provides the standardized statistic for
the mean difference:

_ M—pu  —3.000
~ SEy,  1.102

The t statistic follows a non-normal
(studentized or t) distribution that depends on
degrees of freedom. Here, df =N-1=8-1=
7. At with 7 df that equals -2.722 has a
two-tailed probability (p) of .030, a statistically
significant finding.

= —2.722

the sample mean (M = 4)
and the user-specified
test value (u = 7). For the
example, the sample had
a mean one point higher
than the test value. This
raw effect size is
important for the
significance test, the
confidence interval, and
the effect size.

This section provides a confidence interval around (centered
on) the “Mean.” Calculation requires the appropriate critical
value. Specifically, the t statistic (with 7 df) that has a
probability of .05 equals 2.365. As a result:

CIDIFF = MDIFF + (tCRITICAL)(SEM) = —3.000 t (2365)(1102)

Thus, the researcher estimates that the true population mean
difference is somewhere between -5.606 and -.394 (knowing
that the estimate could be incorrect).
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Paired Samples t Test

(Note that some aspects of this output have been rearranged for the sake of presentation!)

These descriptive statistics are calculated separately for each variable.

Descriptives .
s N Nean SE \ These are the standard errors for each variable calculated separately.
Outcomel 4 2.000 2.449 1.225 )4— O S IS VRSt
SD  2.449
e2 4 6.000 1.225 SEy, = "2 = — 1225
VN V4
Notice that the standard errors are equal because the variables have
the same standard deviation.
Paired Samples T-Test
95%-Confidence Tnteral
t df p /m SE Difference m [/ Lower Upper
Outcomel - Outcome2 (  -3.266 3 0.047 N_ -4.000 1.225 )\ -1.633 )\ -7.898 -0.102

/

)v\

The “statistic”, “df’, and “p”
columns provide the results of the
statistical significance test. First, t
provides the standardized statistic
for the mean difference:
Mp —4.000

L= SE, 1225
The t statistic follows a non-normal
(studentized or t) distribution that
depends on degrees of freedom.
Here,df =N-1=4-1=3. Atwith
3 df that equals -3.27 has a
two-tailed probability (p) of .047, a
statistically significant finding.

= —3.226

The “Mean Difference” is simply
the difference between the two
means listed above. However,
the “SE Difference” is not
determinable from the summary
statistics presented here but
rather the raw data.

The Std. Deviation of the
differences can be determined
from this information:

SDp = (SED)(\/N)
SDp = (1.225)(V4) = 2.449

Cohen’s d” provides a
standardized effect size
for the difference
between the two means.

e M, —4.000
" SDp,  2.449
d=-1.633

Given Cohen’s heuristics
for interpreting effect
sizes, this would be
considered an extremely
large effect.

This confidence interval is centered on
the “Mean Difference” of the two
variables. Calculation requires the
appropriate critical value. Specifically,
the t statistic (with 3 df) that has a
probability of .05 equals 3.182. As a
result:

Clp = Mp + (tCRITICAL)(SED)
Cl, = —4.00 + (3.182)(1.225)

Thus, the researcher estimates that the
true population mean difference is
somewhere between -7.898 to -0.1.02
(knowing that the estimate could be
incorrect).
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Independent Samples t Test

(Note that some aspects of this output have been rearranged for the sake of presentation!)

Group Descriptives

-~

These values of the group statistics are calculated separately for each level or condition. They
are not identical to the values obtained from analyzing the variable as a whole.

_—Group N Mean  Sb—~_ / SE \
Outcome (1 4 2.000 2.449 1.225
4 6.000 2. 1.225

separately. For the first condition:
SD 2449

— = ——=1.225
VN V&

SEM =

These are the standard errors for each condition calculated

Notice that the standard errors are equal because both groups
have the same standard deviation and sample size.

The pooled (or weighted average) Std. Deviation of the groups can be determined
from the group descriptive statistics:

- _[(SDP)(dfy) + (SDI)(df;)  [(2.449%)(3) + (2.449%)(3)
WITHIN = df, + df, B 3+3

Cohen’s d” provides a standardized effect size for the difference between the two
means:

= 2.449

_ —4.000
T 2449

M
d= DIFF

= = —1.633
SDwrrhin

Independent Samples T-Test

df

MeearrDifference _ SE Differenee__ /ﬁén's

95% Confidence Interval

Outcome  \_-2.309 6.000 .060

) (_ -4.000

17322 \_-1.633 _/~8238 _

Note. All tests, varian

med equal f

LTS @9

The “statistic”, “df’, and “p” columns
provide the results of the statistical
significance test. First, t provides the
standardized statistic for the mean
difference:

M, — M, —4.000
SEpirr 1732

The t statistic follows a non-normal
(studentized or t) distribution that
depends on degrees of freedom. Here,
df=N-2=8-2=6. Atwith 6 df that
equals -2.309 has a two-tailed probability
(p) of .060, a finding that is not
statistically significant.

= = —2309

points lower.

sample sizes.]

The “Mean Difference” is the difference between the two
group means. For the example, group one’s mean was 4

The “SE Difference” is a function of the two groups’ individual
standard errors. When sample sizes are equal:

SEDIFF = ’SElz + SEZZ
SEDIFF =+ 12252 + 12252 = 1732

This value is important for both the significance test and the
confidence interval. [Importantly, the computation of the
standard error of the difference is more complex for unequal

This section provides a confidence
interval around (centered on) the “Mean
Difference.” Calculation requires the
appropriate critical value. Specifically,
the t statistic (with 6 df) that has a
probability of .05 equals 2.447. As a
result:

CIDIFF = MDIFF i (tCRITICAL)(SEDIFF)
Clyypr = 4 + (2.447)(1.732)

Thus, the researcher estimates that the
true population mean difference is
somewhere between -8.238 and .238
(knowing that the estimate could be
incorrect).
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>

OneWay ANOVA

(Note that some aspects of this output have been rearranged for the sake of presentation!)

Descriptives —Qutcore

Faetor _ Mean SD N
2.000 2.449 4
6.000 2.449 4

3 7.000 2.449

These values of the group statistics are calculated separately
for each group. They are not identical to the values obtained
from analyzing the variable as a whole.

A grand mean can be determined by taking the weighted
average of all of the group means:

2 n(Mgrovp) _ 4(2) +4(6) +4(7)

M = = 5.000
TOTAL N 444+4
ANOVA - Outcome <
%:zﬁ\ SUM Of Squares ar MeamrSquare—_ / F P \/ n: \
56.000 2 28000 —— (4.667 0.041 0.509
Residual 54.000 9 6.000 ———

Note. Typeth-Stum-ef-Squares

“Factor” statistics are a function of the differences
among the groups:

SSBETWEEN = n(MGROUP - 1"47‘07‘AL)2
SSBETWEEN =S 56000

The degrees of freedom (“df’) are a function of the
number of groups:

dfsprween = #groups —1 =2
The “Mean Square” is the ratio of the “Sum of
Squares” to the “df”:

)

MSgperwren = = 28.000

deETWEEN

“Residual” statistics are a function of the
within group variabilities. Because SS for
each group equals 2.00 (SS = SD? x df):

The “F” statistic is a ratio of the between
and within group variance estimates:

"~ MSyrmv  6.000

An F with 2 and 9 df that equals 4.667
has a two-tailed probability (p) of .041, a
statistically significant finding.

= 4.667

SSWITHIN = 551 + 552 + 553
SSWITHIN =18 + 18 + 18 = 54

The degrees of freedom (“df’) are a function
of the number of people in each group:

dfwirmiv = dfy +df; +df; =9

The “Mean Square” is the ratio of the “Sum
of Squares” to the “df”:

SSwirkiv _ 54.000
)

MSwiruin = = 6.000

deITHIN

The “n?” statistic is a ratio of the between group
and the total group variability (“Sum of
Squares”) estimates:

2 _ SSBETWEEN — SSBETWEEN
SSTOTAL SSBETWEEN + SSWITHIN
, 56.000
n? = = 0.509

"~ 56.000 + 54.000

Thus, 50.9% of the total variability among all of
the scores in the study is accounted for by
group membership.
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Post Hoc Comparisons

(Note that some aspects of this output have been rearranged/deleted for the sake of presentation!)

These values of the group statistics are
calculated separately for each group. They are
not identical to the values obtained from
analyzing the variable as a whole.

Descriptives—0utcome
group Mean\  SD N
1 2.000 \«2449 4
2 6.000 2.449 4
7.000 2.449 4
)

“Mean Difference” is the difference between the means for the
two listed groups.

Descriptives - Outiome P

Mean Differenee. / SE \ ~ t Prukey

2 -4.000 1.732 -2.309 0.106

3 -5.000 1.732 -2.887 0.043

Q 3 -1.000 )(1.732 k.577 0.835
~~

/

These “Standard Errors” are for the difference between the two
group means. The values are a function of the MSwithin (from the
ANOVA) and the sample sizes:

MS MS
SEpinp = ( WITHIN) +( WITHIN)
Ngroup Ngroup

SE = (6> + (6> = 1.732
DIFF — 4 4 — &0
In this case, because all groups are of the same size, the
standard error for each comparison is the same.

Tukey’s HSD procedure is appropriate for all possible
post-hoc pairwise comparisons between groups. The output
lists all possible pairwise comparisons, excluding those that
are redundant.

The “t” column provides an HSD value that is conceptually
similar to a t statistic in that it is a function of the “Mean
Difference” and the “Std. Error”. For the first comparison in the
example:

M, — M, —4.000

= =—-2.309
SEpir 1732

HSD =

The “pukey” column provides the probability of the HSD
statistic. An HSD of -2.309 (with 2 dfserween and 9 dfwithin like
in the ANOVA source table) has a two-tailed probability (p)

of .106, a finding that is not statistically significant.
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Repeated Measures ANOVA

(Note that some aspects of this output have been rearranged for the sake of presentation!)

Descriptives—
Faetor Mean SD N
evel 1 2.000 2.449 4
Level 2 6.000 2.449 4
7Y

These descriptive statistics are calculated separately for each level or condition.

Because sample sizes are equal, a grand mean can be
determined by averaging these two level means:

Between-subjects “Residual” (or error) refers to the average differences across the
participants of the study. This Sum of Squares is not easily determined from the
summary statistics output, but rather from the data (and the calculations are
therefore not shown here). However:

deUB]ECTS = #subjects —1=3

The “Mean Square” is the usual ratio of the Sum of Squares to the degrees of

i 9.000
ote. etH-Sum-of inllarpq

significant finding.

MTOTAL = (MLEVEL + MLEVEL)/Z = (2-000 + 6.000)/2 = 4’-000 freedom'

Between Subjects ANOVA
Cases Sum of Squares df Mean Square x~ F p n’p

ual 27.000 3 9.000 —_— The “F” statistic is a ratio of the effect and
Note. Type Il Sum of Squares within-subjects error variance estimates:

MS 32.000
Within Subjects ANOVA —< = MSEFFECT =300 = 10667
Strmrof-Squares df MeanSquare  / F p\  n%Pp A '
FKFQGW\ 32.000 1 32.000 —— (10.667 0.047 0.780 An F with 1 and 3 df that equals 10.667 has a
3 3000——— two-tailed probability of .047, a statistically

The statistics for the effect (or change) on the
“Factor” are functions of the means of the levels
or conditions and the sample sizes:

— 2
SSEFFECT - Z nLEVEL(MLEVEL - MTOTAL)

SSgrrrcr = 4(2.0 — 4.0)? + 4(6.0 — 4.0)?
SSerrecr = 32.000
dfgrrgcr = #levels —1 =1

The “Mean Square” is the usual ratio of the Sum
of Squares to the degrees of freedom.

SSgrrpcr _ 32.000

= 32.000
dferrecr 1

MSgppgcr =

The within-subjects “Residual” (or error) is a
function of variabilities of the separate levels
or conditions of the factor and the
“between-subjects error” given above.
Because SS for each level can be
determined (SS = SD? x df, which equals
18.000 for each of the two outcomes):

SSgrror = S51 + 55, — SSSUB]ECTS
SSprror = 18.000 + 18.000 — 27.000
=9.000

dfgrror = Af1 + df; — dfsypecrs

The partial “n?” statistic is a ratio of the effect and
the total group variability (“Sum of Squares”)
estimates:

SSEFFECT
Partial n? =
SSEFFECT + SSERROR
o, 32.000
Partial n© = = 0.780

" 32.000 + 9.000

Thus, 78.0% of the variability in Outcome scores
(after removing individual differences) is
accounted for by the repeated measures Factor.

=3+3-3=3.000

The “Mean Square” is the usual ratio of the
Sum of Squares to the degrees of freedom.
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Factorial ANOVA

(Note that some aspects of this output have been rearranged for the sake of presentation!)

Descriptives - score

These descriptive statistics are calculated separately for each group or condition. A level
(marginal) mean can be determined by taking the weighted average of the appropriate group

= 4.500

FactorA—FactorB. Mean _
1 1 2.000 means. For example, the marginal mean for Level 1 of Factor A:
2 7.000 B 2 n(Mgroyp)  4(2) +4(7)
1 6.000 Mygver = =
NyEvEL 8

5.000

i

These descriptive statistics are calculated separately

A grand mean can be determined by taking the weighted average of all of the group means:

2L n(Mgrovp) _ 4(2) +4(7) +4(6) +4(5)

for each group or condition. MroraL = N 4+4+4+4 = 5000
ANOVA - Outcome “Mean Squares” are estimates of the
Cases Sum of Squares ~F <" p P~ | variances associated with each source.
_Km 4.000 0.667 0.4 0.053 For “Factor B”:
b 16.000 2.667 0.128 0.182 SS
< FactorA * FactorB 36.000 6.000 0.03 0.333 MSeacrors = ——2%F — 16.000
—Residuar 72.000 fracrors

Note. Type Ill Sum of Squares

The statistics for the effects of “Factor A”
and Factor B” are functions of the level
(marginal) means and sample sizes. For

“Factor B”: dfinteracrion = dfa X dfg =1

The “Factor A * Factor B” (interaction) statistics reflect the
between- group variability not accounted for by the factors:

SSINTERACTION = SSMODEL - SSFACTORA - SSFACTORB
SSINTERACTION = 56.000 — 4.000 — 16.000 = 36.000

SSracrors = Z n(Mygyver — MroraL)®
SSracrors = 8(4.5 —5)% + 8(5.5 — 5)?

SSracrors = 4.000
dfpacrorg = #levels —1=2-1=1

(SS = SD?x df):
SSERROR =S SS]_ + SSZ + 553 + 554

dfgrror = dfy + df, +df; +df, =12

“Residual” (error) statistics are a function of the within group
variabilities. Because SS for each group can be determined

SSerror = 18.000 + 18.000 + 18.000 + 18.000 = 72.000

The “F” statistic is a ratio of the effect
and within group (error) variance
estimates. For “Factor B”:
MS 16.0
FACTORB — = 2667
MSgrror 6.0
An F with 1 and 12 df that equals 2.667
has a two-tailed probability of .128,
which is not statistically significant.

Fracrore =

Overall, all of the between-group variability is a function of the group means and sample sizes:

SSMODEL = Zn(MGROUP - MTOTAL)Z = 4‘(2 - 5)2 + 4‘(7 - 5)2 + 4(6 - 5)2 + 4(5 - 5)2 = 56.000
dfuwoper, = #groups —1 =3

The “n?p” statistic is a ratio of the effect and
the effect plus residual variability. For
“Factor B”:

2 SSracror

n'p

- SSFACTOR + SSERROR

o __ 16000 T
TP =16000 +72.000

Thus, 18.2% of the variability among the
scores is accounted for by Factor B.
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