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Assignment 5 Out line Solut ion

A5 – 1. Model: Let the random variable Yi repre sent the Rockwel l hardness of an equ iprobably-selected specim e n; we let E(Yi) = µ,
where model parameter µ repre sents Y

−−, the ave r age respondent (or study) popula t ion Rockwel l hardness of this steel.

Fo r the random variable Y
−

= 1
n

n

i=1
ΣYi, as a con seque n ce of the Cent r al

Li mit Theorem , Y
−

ha s ap proxi mat ely a nor mal dist rib u tio n, so we can write: Y
−∼.. N(µ, σ/√n),

where σ repre sents S−, the standard dev iation of the respondent (or study) popula t ion Rockwel l hardness of this steel.

We assume that the method of selecting the sample of 50 steel specim e ns was such as to make the lim itation impos ed
by sample error accep table in the inv estig a t ion con tex t.

Ho: µ = 64 units; i.e., the model mean [the respondent (ot study popula t ion ave r age] is the lo wer end of the range of
value s cl aim ed by the manufacture r of the steel.

Ha: µ < 64 units; i.e., the model mean [the respondent (or study) popula t ion ave r age] is belo w the lowe r end of the
rang e of value s cl aim ed by the manufacture r.

Dis. meas.: By standardizing in the model for Y
−
, we obtain: Y

−− µ ∼.. N(0,1).σ/√n
Obse rve d: Y

−
= 62 units;

ex pected: µ = 64 units (un d er the null hypot hesis);

we are giv en that σ = 8  units; als o, n = 50.

Va lue of dis crep anc y mesa s ure: 62 − 64 −−∼ −1.767 767.
8/√50

P-v alue: Pr[N(0, 1) ≤ −1.767 767] −−∼ 0.038 550 −−∼ 0.039.

Decision: Be cau se the sig n ific a n ce lev el of about 0.039 is le ss than the speci fi ed value of α = 0.05, we rej ect the null hypo-
thesis and deci de that the true ave r age Rockwel l hardness of this par ticular type of steel is le ss than the value of at
le ast 64 units cla ime d by the manufacture r. [Hardness value s in the null hypot hesis for µ above the lowe r end of the
rang e (i.e., above 64 units woul d le ad to eve n more ex treme value s of the discrep anc y mea s ure and so wou ld als o be
reje cted with the speci fi ed value of α = 0.05.]

A5 – 2. Mo del: Let the random variable Wi repre sent the weight (in kg) of an equ iprobably-selected batt e ry; we let E(Wi) = µ,
where model parameter µ repre sents Y

−−, the ave r age respondent (or study) popula t ion batt e ry weight.

Fo r the random variable W
—

= 1
n

n

i=1
ΣWi, as a con seque n ce of the Cent r al

Li mit Theorem , W
—

ha s ap proxi mat ely a nor mal dist rib u tio n, so we can write: W
—∼.. N(µ,σ/√n),

where σ repre sents S−, the s.d. of the respondent (or study) popula t ion batt e ry weight for the produ ction run.

We assume that the method of selecting the sample of 40 batt e rie s wa s su ch as to make the lim itation impos ed by
sample error accep table in the inv estig a t ion con tex t.

Ho: µ = 30 kg; i.e., the model mean [the respondent (or study) popula t ion ave r age] is the value in the speci fi cation s.

Ha: µ < 30 kg; i.e., the model mean [the respondent (or study) popula t ion ave r age] is sm aller than the speci fi cation s.

Dis. meas.: By standardizing in the model for W
—

, we obtain: W − µ ∼.. N(0,1).σ/√n
Obse rve d: w– = 29.6 kg;

ex pected: µ = 30 kg (un d er the null hypot hesis);

we are giv en that σ = 0.55 kg; als o, n = 40.

Va lue of dis crep anc y mea s ure: 29.6 − 30 −−∼ −4. 599 677.
0. 55/√40

P-v alue: Pr[N(0, 1) ≤ −4. 599 677] −−∼ 0.000 002 11 6 −−∼ 0.000 002.

Decision: Be cau se the sig n ific a n ce lev el of about 0.000 002 is (m uch) le ss than the speci fi ed value of α = 0.01, we rej ect the null
hy pot hesis and deci de that the manufactur ing process for the batt e rie s wa s ou t of con trol dur ing the produ ction run.

A5 – 3. (a) The alter native hypot hesis Ha: µ ≠ 5 mg was chosen pre sum ably becau se HWC regards as ser iou s ei ther too much
codein e (µ > 5 mg) or too li ttle codein e (µ <5 mg) in a table t.
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A5 – 3. (b)
(c o nt.)

A type I error (reje cting a true nul l hy pot hesis) cor responds to decid ing that the ave r age codei ne weight per tablet
is sig n ific a n tly di ffere nt fr om (eit her unde r or ove r) 5 mg when in fact it is effective ly 5 mg. The con seque n ce
might be to prohibit sale of the drug when in fact it meets speci fi cation s; this wou ld be unfair to the company
ma king the drug.

A type II error (accep ting a false nul l hy pot hesis) cor responds to decid ing that the ave r age codei ne weight per
tablet is ef fective ly 5 mg when in fact it is sig n ific a n tly different from (eit her unde r or ove r) 5 mg. The con se-
qu enc e might be per mit the sale of a drug whi c h does not meet speci fi cation s; this cou ld endange r us ers of the
dr ug by giv ing them eit her too hig h or too low a dos e of codei ne.

A type II error is likely more ser iou s in this situation.

A5 – 4. (a) The alter native hypot hesis Ha: π > 0.1 was chosen becau se, from a con sum er’s perspective, it is only too high (not
too low) a pro por tio n of defective flares that is a matt e r fo r conc e rn.

(b) A type I error (reje cting a true nul l hy pot hesis) cor responds to decid ing that the pro por tio n of defective flares is
signific a n tly hig her than the manufacture r cl aims when in fact the cla im is cor rect. The con seque n ce wou ld be to
wrongly take the manufacture r to cou rt, wit h all the unnecessar y ex pense.

A type II error (accep ting a false nul l hy pot hesis) cor responds to decid ing that the pro por tio n of defective flares is
ef fective ly 10 % as cla ime d by the manufacture r, when in fact the pro por tio n is sig n ific a n tly hig her. The con se-
qu enc e woul d be that people pur c h asi ng the flares woul d be getting a produ ct that mig ht place them in dange r
when it did not fun ction pro perly.

Both types of error are hig hly undesir able in this situation.

A5 – 5. (a) Let the random variable Wi repre sent the weight (in mg) of an equ iprobably-selected whit e su cke r larva one day
post hatch; we use the model Wi ∼ N(6.9, 2.6).

We want: Pr(Wi > 8. 5) = Pr(W − µ
σ > 8. 5 − 6. 9

2. 6
) = Pr[N(0,1) > 0.61 5 385] = 0.269 150 −−∼ 0. 27.

(b) For the aver age of 25 mea s urements, we use the model W
— ∼ N(6.9, 2.6/√ 25) [W

—
= 1

25

25

i=1
ΣWi].

We want: Pr(W
—

> 8. 5) = Pr( W − µ
>

8. 5 − 6. 9
0. 52

) = Pr[N(0, 1) > 3.076 923] = 0.001 046 −−∼ 0.001.
σ/√n

(c ) The calcula t ion in (b) shows that the re is only about one chanc e in 1,000 that the ave r age weight for a sample of
25 of the larvae one day pos thatch wou ld exc e e d 8. 5 mg; the actual obs ervation of such an ave r age the refore
mos t li kely indicates (i.e., provi des good evi denc e) that the larvae are ol d er than one day.

(d) Mo del: Let the random variable Wi repre sent the weight (in mg) of an equ iprobably-selected larva;

we use the model Wi ∼ N(µ, σ), whe re model parameter µ repre sents −W
—

, the ave r age weight, and σ repre sents S−,
the standard dev iation of the weights of all larvae in the respondent (or study) popula t ion.

If the random variable W
—

= 1
n

n

i=1
ΣWi, then: W

—∼.. N(µ,σ/√n).

We als o assume that the method of selecting the sample of 25 larvae was such as to make the lim itation impos ed
by sample error accep table in the inv estig a t ion con tex t.

Ho: µ = 6.9 mg; i.e., the value of the model mean [the ave r age weight of the respondent (or study) popula t ion of
larvae] is consis tent wit h an age of one day pos thatch.

Ha: µ > 6.9 mg; i.e., the value of the model mean [the ave r age weight of the respondent (or study) popula t ion of
larvae] is too high fo r an age of one day pos thatch.

Dis. meas.: By standardizing in the model for W
—

, we obtain: W − µ ∼ N(0,1).σ/√n
Obse rve d: w– = 8.5 mg;
ex pected: µ = 6.9 mg (u nde r the nul l hy pot hesis);

we are giv en that σ = 2.6 mg; als o, n = 25.

Va lue of dis crep anc y mea s ure: 8. 5 − 6. 9 −−∼ 3.076 923.
2. 6/√25

P-v alue: Pr[N(0, 1) ≥ 3.076 923] −−∼ 0.001 046 −−∼ 0.001.

Answer: Us ing a one -si ded z-test for one mean, the null hypot hesis is rej ect e d at the 1% lev el (P −−∼ 0.001); thu s , the dat a
prov ide hig hly statis ti c a l ly sig n ific a n t ev idenc e that the larvae are ol d er than one day pos thatch.
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A5 – 6. Be cau se we are dealing wit h measurem ents and the popula t ion standard dev iation (σ) is known, this que s tion involves
a z-test for one mean.

(a) Mo del: Let the random variable Li repre sent the criti c a l dimensi on (in mm) of an equ iprobably-selected cranksh a ft; we let E(Li)
= µ, whe re model parameter µ repre sents L

−− , the ave r age respondent (or study) popula t ion cranksh a ft criti c a l dimensi on.

Fo r the random variable L
–

= 1
n

n

i=1
Σ Li, as a con seque n ce of the Cent r al

Li mit Theorem , L
–

ha s ap proxi mat ely a nor mal dist rib u tio n, so we can write:
L
–∼.. N(µ,σ/√n),

where σ repre sents S−, the s.d. of the respondent (or study) popula t ion cranksh a ft criti c a l dimensi on for the produ ction run.

We assume that the method of selecting the sample of 16 cranksh a fts was such as to make the lim itation impos ed by
samlpe error accep table in the inv estig a t ion con tex t.

Ho: µ = 224 mm; i.e., the model mean is consis tent wit h the process for manufactur ing cranksh a fts bei ng cent red on targe t.

Ha: µ ≠ 224 mm; i.e., the model mean is inconsis tent wit h the process for manufactur ing cranksh a fts bei ng cent red on targe t.

[We use a two-sid ed test becau se the stat ement of the que s tion giv es no indication that dep arture
fr om the criti c a l dimensi on in on e direction (too ihgh or too low) was of gre ater con cer n.]

Dis. meas.: By standardizing in the model for L
–
, we obtain: L − µ ∼.. N(0,1).σ/√n

Obse rve d: l
−

= 3,584.031/16 = 224.001 9375 mm;

ex pected: µ = 224 mm (un d er the null hypot hesis);

we are giv en that σ = 0.060 mm; als o n =16 . [The sample s.d. of 0.0618 mm, is quite clo se to the value giv en for σ,
consis tent wit h the assump tion that the sample of cranksh a fts wa s sele cted by an accep table met hod.]

Va lue of dis c epanc y mea s ure: 224.001 9375 − 224 −−∼ 0.129 16
.

.
0. 060/√16

P-v alue: Pr[N(0, 1) ≥ 0.129 16
.
] = 2 ×Pr[N(0, 1) ≥ 0.129 16

.
] −−∼ 2×0.448 613 −−∼ 0.90.

Answer: Us ing a two -si ded z-test for one mean, the null hypot hesis is not reje cted at the 5% (or eve n at the 80%) leve l (P −−∼
0.90); thu s , the dat a prov ide no statis ti c a l ly sig n ific a n t ev idenc e that the process for manufactur ing the cranksh a fts is
not cent red on its targe t; i.e., the process do es ap pear to be cor rectly cent red .

(b) An approxi mat e 90% confid e n ce int e rval for model parameter µ repre senting L
−− , the ave r age criti c a l dimensi on of

the respondent (or study) popula t ion of camsh a fts, is:

l
−± zα* × σ

√n
which is: 224.001 9375 ± 1.6449 × 0. 060

√16
===> (223.977 264, 224.026 661) mm

or about (223.977, 224.027) mm.

*A5 – 7. Dis. meas.: Z = Y
−− 65 = Y

−− 65 ∼ N(0, 1); z >1.8 cor responds to: y− > 65 +1.8 × 5

√50
−−∼ 66.273oC.σ/√n 5/√50

(a) Pr(type I error) ≡ α = Pr[N(0, 1) >1.8] −−∼ 1 − 0.9641 =  0.0359 −−∼ 3.6%.

(b) Pr(type II error) ≡ β = Pr[N(66.5, 5

√50
) < 66.273] = Pr[N(0, 1) < − 0. 321 320] −−∼ 0. 373 984 −−∼ 37½%.

(c ) Pr (type II error) ≡ β = Pr[N(70, 5

√50
) < 66.273] = Pr[N(0, 1) < − 5. 271] −−∼ 6.782 ×10−8 −−∼ 10−7.

(d) The diag rams are giv en ove r leaf on pag e 0.13d; they are base d on the diag rams giv en in the stat ement of the
qu estio n and the calcula t ion s abov e in (a) , (b) and (c) .

(e ) If y−= 66. 2oC, z = 66. 2 − 65 = 1.697 056 −−∼ 1.70, P-v alue:: Pr[N(0, 1) >1.697 056] = 0.0 44 843 −−∼ 4½%.
5/√50

Be cau se this z value of just les s than 1.7 0 does not li e in the rej ectio n regio n z >1.8 (and the P-value is above α =
3.6%), we do not reje ct the null hypot hesis; thu s , the dat a are con sis tent wit h (c ontin ued ove r leaf on pag e 0.13d)

A5 – 8. Be cau se we are dealing wit h measurem ents and the popula t ion standard dev iation (σ) is unknow n [a n d so is es tim ated
by the sa m p le st andard dev iation (s)] , this que s tion involves a t-test for the mean (µ) of a nor mal model , where model
parameter µ repre sents C

−− , the ave r age blood chole s terol leve l in the respondent (or study) popula t ion of thes e men.
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*A5 – 7. (e )
(c o nt.)

the gen erating station meeting the re-
qu irement for the tem perature of its cool-
ing wat e r discharge (on the basis of a one-
si ded, one -sample z-test for a model
mean and the rej ectio n regio n z >1.8).

A type II error may hav e been made in
re aching this decisio n – such an error is
qu ite likely when µ = 66. 5oC, say [se e
diag ram (ii) at the rig ht] and does not
beco m e re asonably improbable until µ is
arou nd 68oC.

A5 – 8. (a) Mo del: Let the random variable Ci rep-
re sent the blood chole s terol
leve l (in mg/dl) after treatment
with chole s tyramine of an equ i-
probably-selected man wit h a
chole s terol leve l in itia l ly above
265 mg/dl; we assume that such
bl ood chole s terol leve ls are nor mally dis tributed and so use the model Ci ∼ N(µ, σ),

(d)

63 64 65 66 67 68 69 70 71 72

µ

66.273

Sh ade d area = α =
Pr (type I error) = 0.036

(
o
C)

(i)
Ho tr ue

Y
−

63 64 65 66 67 68 69 70 71 72

66.273

µ

Sh ade d area = β
= Pr(type II error)

---∼ 0. 374

(
o
C)

(ii)
Ho fals e

Y
−

63 64 65 66 67 68 69 70 71 72

66.273

µ

Sh ade d area = β
= Pr(type II error)

---∼ 10--7

(
o
C)

(iii)
Ho fals e

Y
−

where σ repre sents S−, the s.d. of thes e men’s chole s terol leve ls in the respondent (or study) popula t ion.

If the random variable C
−

= 1
n

n

i=1
ΣCi, then: C

−∼ N(µ,σ/√n).

We assume that the method of selecting the sample of 100 men was such as to make the lim itation impos ed
by sample error accep table in the inv estig a t ion con tex t.

Ho: µ = 210 mg/dl; i.e., the value of the model mean is con sis tent wit h chole s tyramine tre atment havi ng the
desired effect of lowe ring thes e men’s blood chole s terol leve ls to essentia l ly ‘no rma l.’

Ha: µ > 210 mg/dl; i.e., the value of the model mean is inconsis tent wit h chole s tyramine tre atment havi ng the
desired effect of lowe ring thes e men’s blood chole s terol leve ls to essentia l ly ‘no rma l.’

[We use a on e-sid ed test becau se the stat ement of the que s tion makes it cle ar that
failure of the tre atment is when chole s terol leve ls rem ain too high.]

Dis. meas.: By standardizing in the model for C
−

and estim ating
σ by s (the sa m p le st andard dev iation), we obtain:

C − µ ∼ tn −1.s/√n

Obse rve d: c−= 228 mg/dl;

ex pected: µ = 210 mg/dl (un d er the null hypot hesis;

we are giv en that s/√n = 12 mg/dl; als o, n =100.

Va lue of dis crep anc y mea s ure:
228 − 210

12
= 1.5.

P-v alue: Pr[t99
≥ 1. 5] −−∼ 0.068 398 −−∼ 0.07.

Answer: Us ing a one -si ded t-test for the mean of a nor mal model , the nul l hy pot hesis is not reje cted at the 5%
leve l (P −−∼ 0.07); thu s , the dat a prov ide no statis ti c a l ly sig n ific a n t ev idenc e that, after treatment wit h
chole s tyramine, the ave r age blood chole s terol leve l of men wit h leve ls initia l ly above 265 mg/dl any
longe r differs from the nation a l av erage blood chole s terol leve l of 210 mg/dl, so that the chole s tyramine
treatment do es ap pear to be effective.

(b) A 95% confid e n ce int e rval for µ repre senting C
−− , the respondent (or study) popula t ion ave r age blood chole s terol

leve l after treatment wit h chole s tyramine for men wit h chole s terol leve ls initia l ly above 265 mg/dl, is:

c− ± t99
* × s

√n
which is: 228 ±1.984×12 ===> (20 4.2, 251.8) mg/dl

or about (20 4, 252) mg/dl.

A5 – 9. Be cau se we are dealing wit h measurem ents and the popula t ion standard dev iation (σ) is unknow n [a n d so is es tim a-
te d by the sa m p le st andard dev iation (s)] , this que s tion involves a (on e-sample) t-test for the mean (µ) of a nor mal
model, whe re model parameter µ repre sents H

–− , the ave r age respondent (or study) popula t ion soi l pH after the efflue n t
treatment.
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A5 – 9. (a) Mo del: Let the random variable Hi repre sent the pH after treatment wit h the efflue n t mixture of an equ iprobably-
sele cted sample of the hig hly alk alin e soil; we assume that such soi l pHs are nor mally dis tributed and so use
the model Hi ∼ N(µ, σ),

where σ repre sents S−, the s.d. of pH variation in the soi l which compris es the respondent (or study) popula t ion.

If the random variable H
−

= 1
n

n

i=1
Σ Hi, then: H

−∼ N(µ,σ/√n).

We assume that the method of selecting the five soi l samples was such as to make the lim itation impos ed by
sample error accep table in the inv estig a t ion con tex t.

Ho: µ = 8.7 5 pH units; i.e., the value of the model mean is inconsis tent wit h the tre atment wit h the efflue n t mixture
re ducing the pH [of the respondent (or study) popula t ion] of the hig hly alk alin e soil.

Ha: µ < 8.75 pH units; i.e., the value of the model mean is consis tent with the tre atment wit h the efflue n t mixture
re ducing the pH [of the respondnet (or study) popula t ion] of the hig hly alk alin e soil.

[We use a on e-sid ed test becau se the stat ement of the que s tion makes it cle ar
that the tre atment wit h ef flue n t is successful only when it re d uces the soi l pH.]

Dis. meas.: By standardizing in the model for H
−

and estim ating
σ by s (the sa m p le st andard dev iation), we obtain:

H − µ ∼ tn −1.s/√n

Obse rve d: h
−

= 8.00 pH units;

ex pected: µ = 8.7 5 pH units (un d er the null hypot hesis);

we are giv en that s = 0.60 pH units; als o, n = 5.

Va lue of dis crep anc y mea s ure: 8. 00 − 8. 75 −−∼ −2795 085.
0. 60/√5

P-v alue: Pr[t4
≤ −2.796 085] −−∼ 0.024 528 −−∼ 0.024.

Answer: Us ing a one -si ded t-test for the mean of a nor mal model , the nul l hy pot hesis is reje cted at the 5% lev el (P −−∼
0.024); thu s , the dat a prov ide statis ti c a l ly sig n ific a n t ev idenc e that, after the tre atment wit h the efflue n t mixture,
the pH of the hig hly alk alin e soil really is re duced, we hope by a practically impor tant amou nt.

(b) A 99% confid e n ce int e rval for µ (repre senting H
–− , the ave r age pH of the tre ated soi l) is:

h
− ± t4

* × s
√n

which is: 8.00 ± 4.60 4 × 0. 60

√5
===> (6.765, 9.235) pH units

or about (6.76, 9.24) pH units.

NO TE: The origi nal pH of 8.7 5 un its lie s within this approx imate 99% confid e n ce int e rval becau se the on e-sid ed test
in (a) showe d signific a n ce at the 5% lev el but not at the 0.5% lev el.

A5 – 10. Be cau se the re is a natura l pair ing of the two tim e s fo r each of the 25 par ticip ants in the inv estig a t ion, this two -sam -
ple situation reduces to on e sample inv olv ing the di ffere nces between each par ticip ant’s two tim e s.

Be cau se we are dealing wit h measurem ent differenc es and the popula t ion standard dev iation (σd) is unknow n [a n d so
is es tim ated by the the standard dev iation (sd) of the sample of 25 differenc es], this que s tion involves a paired t-test for
the mean (µd) of a nor mal model , where model parameter µd repre sents D

–− , the ave r age (le ft − right) differenc e in time
between the two repetit ion s of the tasks for members of the respondent (or study) popula t ion.

Important con sid eration s in the Pla n and Exe cutio n st age s of the inv estig a t ion include:

• sele cting par ticip ant pr obabi lis tically (e.g., usi ng ap pro priat e syst emati c sele cting) fr om the pool;

• ensuring that the protocol (e.g., ins tructio ns, seating arrangements, famili arization time wit h the app aratus) is imple-
men ed iden tically fo r each par ticip ant;

• asking the par ticip ants who have don e the tasks not to discus s thei r ex per ienc e with others in the pool of students
wa iting to take par t in the inv estig a t ion;

• pres enting the two repetit ion s to each par ticip ant in an eq uiprobably-sel e cte d or der, wit h the con strain t that, across
the whole inv estig a t ion, as near as pos sib le to equ al numbers of par ticip ants shoul d do each threa d direction first.

(b) Mo del: Let the random variable Di repre sent the (le ft − right) differenc e in time bet ween the two repetit ion s of the tasks for
an equ iprobably-selected par ticip ant; we assume that such tim e differenc es are nor mally dis tributed and so use the
model Di ∼ N((µd, σd), whe re σd repre sents S−d, the s.d. of the tim e differenc es in the respondent (or study) popula t ion.
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Assignment 5 Out line Solut ion (continue d 5)

A5 – 10. (b) Mo del: If the random variable D
−

= 1
n

n

i=1
ΣDi, then: D

−∼ N((µd, σd/√n).

We assume that the method of selecting the sample of 25 students was such as to make the lim itation impos ed
by sample error accep table in the inv estig a t ion con tex t.

Ho: µd = 0  secon ds; i.e., the value of the model mean [the respondent (ot study popula t ion ave r age] is consis tent
with no differenc e in the ave r age time to complet e the task for the two threa d direction s.

Ha: µd > 0 secon ds; i.e., the value of the model mean [the respondent (ot study popula t ion ave r age] is con sis tent
with rig ht-hande d people finding the rig ht-hand threa d qu ick er to use.

[We use a on e-sid ed test becau se the inv estig a t ion’s expectation, as des cribed in the
alter native hypot hesis , is stated in par t (b) of the que s tion.]

(c ) Dis. meas.: By standardizing in the model for D
−

and estim ating
σd by sd (the sa m p le st andard dev iation), we obtain:

D − µd ∼ tn −1.sd/√n

Obse rve d: d
−

= 333/25 =13.32 secon ds;

ex pected: µd = 0 secon ds (un d er the null hypot hesis);

we find sd =
17,061 − (333)2/25

24
−−∼ 22.935 998; als o n = 25.√

Va lue of dis crep anc y mea s ure: 13 .32 − 0 −−∼ 2.903 732.
22. 936/√25

P-v alue: Pr[t24
≥ 2.903 732] −−∼ 0.003 896 −−∼ 0.00 4.

Answer: Us ing a one -si ded paired t-test for the mean of a nor mal model , the nul l hy pot hesis is reje cted at the 1% lev el
(P −−∼ 0.00 4); thu s , the dat a prov ide hig hly statis ti c a l ly sig n ific a n t ev idenc e that rig ht-hande d people do fin d the
right-hand threa d ea sie r (i.e., qui cke r) to use than the left-hand threa d.

A5 – 11 . (a) is (3), two in dep enden t samples of chil dre n taug ht usi ng the two tex t segments;

(b) is (2), matched pai rs – each chil d is compare d with its elf unde r the two teaching met hods;

(c ) is (1), a si ngl e sample whose ave r age is compare d with the known value of the con cent r ation;

(d) is (3), two in dep enden t samples of analys es by the new and old methods.
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