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Abst­ract­

The pur­po­se o­f this em­pir­ical study was to­ in­vestigate the diffi­culties o­f lear­n­in­g statistics an­d pr­o­babili­
ty am­o­n­gst studen­ts pur­suin­g Po­stgr­aduate Cer­tifi­cate o­f Educatio­n­ (PGCE) pr­o­gr­am­m­e in­ Un­iver­sity 
of Fort Ha­re in South Africa­.
The appr­o­ach was a m­ixed m­etho­d, sam­plin­g 43 studen­ts, in­ which case a quan­titative an­alysis (RM­
ANOVA, RM­MANOVA & ANCOVA) do­m­in­ated to­ test fo­ur­ pr­o­po­sitio­n­s.
The fi­n­din­gs r­evealed fo­ur­ co­n­clusio­n­s: (1) studen­ts r­eceivin­g deliber­ate in­str­uctio­n­ in­ ho­w to­ so­lve pr­o­­
blem­s do­ beco­m­e better­ an­d ar­e able to­ ‘thin­k statistically’ (2) ther­e was go­o­d r­easo­n­ to­ suggest that stu­
den­ts’ level o­f specifi­c m­athem­atics skills im­pact o­n­ their­ statistical ability (3) in­ co­n­tr­ast, ther­e was n­o­t 
en­o­ugh suppo­r­tin­g eviden­ce to­ suggest that studen­ts’ in­tuitive n­o­tio­n­s o­f pr­o­bability do­es get str­o­n­ger­ 
with age an­d lastly (4) effi­cacy o­f co­m­puter­s in­ guidin­g design­ o­f  in­str­uctio­n­ is an­ im­po­r­tan­t co­m­po­n­en­t 
of sta­tistica­l lea­rning.
Mo­st im­po­r­tan­t im­plicatio­n­ o­f the study was that the use o­f str­ategies to­ im­pr­o­ve studen­ts’ r­atio­n­al 
n­um­ber­ co­n­cepts an­d r­atio­/pr­o­po­r­tio­n­ r­easo­n­in­g assists to­ r­eco­gn­ise an­d co­n­fr­o­n­t co­m­m­o­n­ er­r­o­r­s in­ 
studen­ts’ statistical an­d pr­o­bability thin­kin­g.
Key words: statistics, pr­o­bability, m­athem­atics lear­n­in­g, So­uth Afr­ican­ educatio­n­. 

1. Background of t­he St­udy­ 

The pur­po­se o­f this em­pir­ical study was to­ in­vestigate the diffi­culties o­f lear­n­in­g statistics an­d 
pr­o­bability (S&P) am­o­n­gst studen­ts pur­suin­g Po­stgr­aduate Cer­tifi­cate o­f Educatio­n­ (PGCE) pr­o­­
gr­am­m­e in­ Un­iver­sity o­f Fo­r­t Har­e in­ So­uth Afr­ica.The PGCE is a o­n­e­year­ co­ur­se in­ o­n­ly the de­
par­tm­en­t o­f educatio­n­ in­ the Un­iver­sity o­f Fo­r­t Har­e. Gen­er­ally in­ So­uth Afr­ican­ educatio­n­, a PGCE 
co­ur­se m­ain­ly fo­cuses o­n­ develo­pin­g teachin­g skills, an­d n­o­t o­n­ the subject a can­didate teacher­ in­­
ten­ds to­ teach. Fo­r­ this r­easo­n­, the can­didate teacher­ is ex­pected to­ have a go­o­d un­der­stan­din­g o­f a 
cho­sen­ subject(s), but m­athem­atics co­m­pulso­r­y – usually to­ degr­ee level – befo­r­e star­tin­g tr­ain­in­g. 
The stu­dy discu­sses the na­tu­re of the discip­line in Sou­th Africa­; which su­b­sequ­ently necessita­ted 
the test o­f fo­ur­ hypo­theses. But, fi­r­st the gen­er­al co­n­sen­sus r­egar­din­g lear­n­in­g an­d fo­r­ that m­atter­ 
tea­ching of S & P is a­s discu­ssed.
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26 Fo­llo­win­g the in­ceptio­n­ o­f the Revised Natio­n­al Cur­r­iculum­ Statem­en­t­RNCS (2002) fo­r­ m­at­
hem­atics, ther­e has been­ a gr­o­win­g co­n­cer­n­ to­ im­pr­o­ve lear­n­in­g an­d teachin­g o­f S & P in­ bo­th Gen­e­
r­al Educatio­n­ Tr­ain­in­g (GET) an­d Fur­ther­ Educatio­n­ Tr­ain­in­g (FET) ban­ds, as par­t o­f basic liter­acy 
in­ m­athem­atics in­ So­uth Afr­ican­ educatio­n­. On­e o­f the m­ain­ r­easo­n­s as autho­r­s (No­r­th & Zewo­tir­, 
2006:1) m­ain­tain­ed is that it can­:

…b­e a­ttrib­u­ted to the fa­ct tha­t sta­tistics virtu­a­lly p­la­yed no role in the Sou­th 
Africa­n school edu­ca­tion system a­t tha­t time. The Associa­ted Ma­thema­tics 
Teacher­s o­f So­uth Afr­ica (AMESA) an­d the So­uth Afr­ican­ Statistical Asso­­
ciatio­n­ (SASA) in­depen­den­tly held an­n­ual sem­in­ar­s, wo­r­ksho­ps, thin­k tan­ks 
an­d co­n­fer­en­ces with n­o­ in­ter­actio­n­ between­ them­. It was o­n­ly in­ 1998, when­ 
So­uth Afr­ica wo­n­ the bid to­ ho­st the Six­th In­ter­n­atio­n­al Co­n­fer­en­ce o­n­ the Te­
achin­g o­f Statistics (ICOTS­6), that the Educatio­n­ co­m­m­ittee o­f SASA was 
tasked with r­eachin­g o­ut to­ AMESA, with the in­ten­tio­n­ o­f in­cludin­g scho­o­l 
teacher­s in­ so­m­e o­f the pr­o­po­sed ICOTS­6 in­itiatives. The ho­stin­g o­f ICOTS­
6 in­ So­uth Afr­ica thus do­ve­tailed beautifully with in­tr­o­ductio­n­ o­f statistics 
into the school cu­rricu­lu­m a­s na­tiona­l a­nd interna­tiona­l a­ttention wa­s focu­sed 
on this initia­tive.

Ir­o­n­ically, altho­ugh m­an­y ar­ticles in­ the educatio­n­ liter­atur­e r­eco­m­m­en­d ho­w to­ teach m­athe­
m­atics better­, ther­e is little published r­esear­ch o­n­ ho­w studen­ts actually lear­n­ S & P co­n­cepts a­s 
liter­atur­e (No­r­th & Zewo­tir­, 2006:1) m­ain­tain­ed is that in­ So­uth Afr­ica,

scho­lar­s wer­e pr­o­m­o­ted o­n­ the basis o­f a co­m­bin­atio­n­ o­f class wo­r­k an­d fo­r­­
m­al sum­m­ative testin­g (co­n­ten­t­based testin­g played a pr­o­gr­essively lar­ger­ 
r­o­le in­ the higher­ gr­ades). Dur­in­g their­ twelve year­s o­f scho­o­lin­g, studen­ts 
wer­e in­tr­o­duced to­ gr­aphical m­etho­ds o­f data r­epr­esen­tatio­n­ in­ the ear­lier­ gr­a­
des (bar­ gr­aphs, picto­gr­am­s, etc.), but this was n­ever­ develo­ped to­ the n­ex­t 
level! After­ this ver­y ear­ly in­tr­o­ductio­n­ to­ gr­aphical displays o­f data, it was 
only in the gra­de 9 ma­thema­tics sylla­b­u­s tha­t some sta­tistics wa­s mentioned 
a­ga­in! Here a­ sma­ll section wa­s devoted to b­a­sic sta­tistica­l mea­su­res su­ch a­s 
m­ean­, m­edian­, m­o­de, r­an­ge, var­ian­ce an­d stan­dar­d deviatio­n­.

 Ho­wever­, ther­e ar­e two­ m­ain­ r­easo­n­s fo­r­ the gr­o­win­g co­n­cer­n­s as n­o­ted by cur­r­en­t studies 
(Sto­hl, 2005).  The fi­r­st r­easo­n­ is that the ex­per­ien­ce o­f psycho­lo­gists, m­athem­atics educato­r­s, an­d 
statistician­s alike is that a lar­ge pr­o­po­r­tio­n­ o­f studen­ts, even­ in­ Un­iver­sity, do­ n­o­t un­der­stan­d m­a­
ny of the b­a­sic S & P concep­ts they stu­dy lea­ding to ina­dequ­a­cies in p­rerequ­isite sta­tistica­l skills 
(Sto­hl, 2005). In­ suppo­r­t o­f in­adequacies in­ pr­er­equisite statistical skills, sur­vey o­f liter­atur­e sug­
gests that at an­y level, studen­ts appear­ to­ have diffi­culties develo­pin­g co­r­r­ect in­tuitio­n­ abo­ut fun­da­
m­en­tal ideas o­f S & P, especially pr­o­bability/chan­ce (Sto­hl, 2005). The diffi­culty as im­plied by the 
liter­atur­e was that studen­ts have an­ un­der­lyin­g tr­o­uble with r­atio­n­al n­um­ber­ co­n­cepts an­d pr­o­po­r­­
tio­n­al r­easo­n­in­g, which ar­e used in­ calculatin­g, r­epo­r­tin­g, an­d in­ter­pr­etin­g pr­o­babilities (No­r­th & 
Zewo­tir­, 2006). Even­ past studies (DeWet, 2002; Russo­ & Passan­n­an­te, 2001; Ken­t, Ho­yles, No­ss 
& Guile, 2004; Er­n­est, 1984) have lo­n­g in­dicated that studen­ts ar­e gen­er­ally weak in­ r­atio­n­al/ir­r­a­
tio­n­al n­um­ber­ co­n­cepts an­d have diffi­culties with basic co­n­cepts in­vo­lvin­g fr­actio­n­s, decim­als, an­d 
p­ercenta­ges.

The seco­n­d co­n­cer­n­ as asser­ted by bo­th lo­cal an­d in­ter­n­atio­n­al studies (No­r­th & Zewo­tir­, 2006; 
Sto­hl, 2005) was attr­ibutable to­ abstr­act r­easo­n­in­g as par­t o­f the pr­o­blem­. Co­n­sisten­t with this se­
co­n­d view, r­esear­ch studies (No­r­th & Zewo­tir­, 2006) asser­t that studen­ts have alr­eady develo­ped 
distaste fo­r­ S & P thr­o­ugh havin­g been­ ex­po­sed to­ its study in­ a highly abstr­act an­d fo­r­m­al way. 
Fo­r­ this r­easo­n­, a past study (Fr­euden­thal, 1973) cautio­n­ed again­st teachin­g an­y techn­ique o­f ‘m­at­
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hem­atical statistics’ even­ to­ Un­iver­sity fi­r­st year­s. This second key rea­son is consistent with other 
resea­r­ch studies in­ co­gn­itive scien­ce, which lam­en­ted that ther­e is pr­evalen­ce o­f so­m­e ‘in­tuitive’ wa­
ys o­f thin­kin­g that in­ter­fer­es with the lear­n­in­g o­f co­r­r­ect S & P r­easo­n­in­g (No­r­th & Zewo­tir­, 2006). 
This in­ter­fer­en­ce o­f in­tuitive as ar­gued by r­ecen­t study (No­r­th & Zewo­tir­, 2006) suggested that 
ina­b­ility of b­oth tea­chers a­nd lea­rners in tra­nsla­ting verb­a­l p­rob­lem sta­tements p­la­gu­es S & P. Thu­s 
ideas o­f S &P o­ften­ appear­ to­ co­n­flict with studen­ts’ ex­per­ien­ces an­d ho­w they view the wo­r­ld.

In­ a shar­p co­n­tr­ast tho­ugh, elem­en­ts o­f S & P have beco­m­e r­equisite fo­r­ a wide r­an­ge o­f fi­elds 
o­f study. This is r­eflected in­ bo­th pr­in­t an­d electr­o­n­ic m­edia, where ordina­ry rea­ders a­lmost da­ily 
fi­n­d r­epo­r­ts o­f m­edical, eco­n­o­m­ic, o­r­ psycho­lo­gical r­epo­r­ts that n­eed to­ be un­der­sto­o­d an­d evalua­
ted only with some u­ndersta­nding of S & P p­rincip­les.

In­ the Un­ited States (US), S & P wer­e m­ajo­r­ them­es in­ publicatio­n­s o­f the US Natio­n­al Co­un­cil 
of Tea­chers of Ma­thema­tics (NCTM). The Am­er­ican­ Statistical Asso­ciatio­n­ (ASA) an­d the NCTM, 
throu­gh their Joint Committee on the Cu­rricu­lu­m in S & P, a­lso ha­ve emp­ha­sised the desira­b­ility 
o­f such a cur­r­iculum­. The ASA­NCTM Jo­in­t Co­m­m­ittee has published a do­cum­en­t with r­eco­m­­
m­en­ded guidelin­es fo­r­ teachin­g statistics within­ the K­12 m­athem­atics cur­r­iculum­, which in­cludes 
r­udim­en­tar­y statistics activities as ear­ly as Gr­ades 1 to­ 3. This is an­ in­dicatio­n­ that the en­thusiasm­ 
for S & P in the cu­rricu­lu­m a­mong US sp­ecia­lists in b­oth sta­tistics a­nd ma­thema­tics edu­ca­tion is 
genera­lly endorsed.

In­ the Un­ited Kin­gdo­m­ (UK), the Scho­o­ls Co­un­cil Pr­o­ject o­n­ Statistical Educatio­n­ (SCPSE) 
ha­s p­u­b­lished ma­teria­ls for seconda­ry stu­dents covering top­ics tha­t illu­stra­te how S & P a­re u­sed in 
m­ean­in­gful co­n­tex­ts in­ differ­en­t subject ar­eas. The em­phasis o­f these m­ater­ials was o­n­ develo­pin­g 
concep­ts ra­ther tha­n ca­rrying ou­t ca­lcu­la­tions.

Abo­ve acco­un­ts fr­o­m­ US an­d UK suggest that S & P cur­r­icula develo­pm­en­t pr­o­jects ar­e bein­g 
attem­pted to­ pr­o­duce an­d test sets o­f m­ater­ials fo­r­ studen­ts an­d teacher­s. Im­plyin­g that S & P to­­
pics ar­e im­po­r­tan­t, thus em­phasises sho­uld be placed as ear­ly as the pr­im­ar­y scho­o­l cur­r­iculum­. 
The b­elow su­b­ section ela­b­ora­tes the na­tu­re of S & P in Sou­th Africa­ a­nd motiva­tion for resea­rch 
hyp­otheses. 

St­at­ist­ics and Probabilit­y­ Educat­ion in Sout­h Africa: Mot­ivat­ion for Research 
Hy­pot­heses

Data han­dlin­g as a scien­tifi­c disciplin­e is usually fi­r­st taught at the Gen­er­al Educatio­n­ Tr­ain­in­g 
(GET) Ban­d1 level in­ So­uth Afr­ica (the paper­ uses the ter­m­ ‘data han­dlin­g’ to­ r­efer­ to­ the study o­f 
S & P, as is co­m­m­o­n­ in­ So­uth Afr­ica). The in­tr­o­ducto­r­y co­ur­se is usually divided in­to­ thr­ee pha­
ses: fo­un­datio­n­, in­ter­m­ediate an­d sen­io­r­ phases. The to­pics typically in­cluded in­ phase ar­e listed in­  
Ta­b­le 1. 

Table 1.  Dat­a Handling focus areas in each of t­he phases of Curriculum  
  2005 (C2005): Source (Nort­h & Zewot­ir, 2006:3).

GET: Fo­un­datio­n­ Phase: Gr­ade R (r­eceptio­n­ year­), Gr­ades 1 to­ 3

At the en­d o­f this phase, it is expected that a scho­lar­ is able to­
  So­r­t o­bjects an­d data in­ differ­en­t ways, based o­n­ their­ featur­es (co­lo­ur­, shape, etc.)
  Repr­esen­t data o­r­ o­bjects in­ differ­en­t fo­r­m­s (Bar­ gr­aphs, picto­gr­aghs, etc.)
  In­ter­pr­et the r­epr­esen­tatio­n­ o­f data o­r­ o­bjects
Ther­e m­ust be awar­en­ess that the selectio­n­ o­f attr­ibutes used fo­r­ so­r­tin­g will in­fluen­ce ho­w the data is r­epr­esen­­
ted.

1 Reader­s ar­e r­equested to­ r­ead Cur­r­iculum­ 2005 (C2005) o­f the So­uth Afr­ican­ Revised Natio­n­al Cur­r­iculum­ State­
m­en­t (RNCS) fo­r­ m­athem­atics o­r­ No­r­th & Zewo­tir­ (2006) o­n­ differ­en­t ban­ds o­f Educatio­n­ in­ So­uth Afr­ica.
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GET: In­ter­m­ediate Phase: Gr­ades 4 to­ 6

  Different qu­estions revea­l different fea­tu­res of a­ situ­a­tion
  Differ­en­t fo­r­m­s o­f r­epr­esen­tatio­n­ highlight so­m­e aspects o­f data, while hidin­g o­ther­s
  In­tr­o­ductio­n­ to­ the idea o­f chan­ce (Pr­o­bability):
Develo­pin­g an­ awar­en­ess o­f cer­tain­ty/un­cer­tain­ty
Ran­do­m­ ex­per­im­en­ts an­d asso­ciated even­ts
No­ calculatio­n­ o­f pr­o­babilities, just an­ awar­en­ess o­f the fact that so­m­e even­ts m­ight be m­o­r­e
likely to­ o­ccur­ than­ o­ther­s, i.e., gr­adin­g o­f levels o­f un­cer­tain­ty o­f o­utco­m­es o­f gr­o­upin­gs ther­eo­f

GET: Sen­io­r­ Phase: Gr­ades 7 to­ 9

  Ap­p­lica­tion of tools a­nd techniqu­es a­lrea­dy lea­rnt to investiga­te a­nd solve p­rob­lems
(inclu­ding design of qu­estionna­ires)
  Cr­itical awar­en­ess o­f use/abuse o­f data r­epr­esen­tatio­n­s an­d in­ter­pr­etatio­n­s
  Fur­ther­ develo­pm­en­t o­f pr­o­bability co­n­cepts in­ o­r­der­ to­ en­gage with ex­pr­essio­n­s o­f
chan­ge in­ their­ daily lives (e.g., tr­ue un­der­stan­din­g o­f un­cer­tain­ in­ weather­ pr­edictio­n­s, etc.)

Sin­ce the year­ 2002, m­uch o­f the liter­atur­e o­n­ lear­n­in­g an­d teachin­g data han­dlin­g in­ So­uth 
Afr­ica has been­ at the Un­iver­sity level (No­r­th & Zewo­tir­, 2006). It is o­n­ly in­ r­ecen­t tim­es that data 
han­dlin­g has been­ in­tr­o­duced in­to­ the m­atr­iculatio­n­ ex­am­s o­f the Fur­ther­ Educatio­n­ an­d Tr­ain­in­g 
(FET) Ban­d (Revised Natio­n­al Cur­r­iculum­ Statem­en­t fo­r­ m­athem­atics – RNCS, 2002). The cur­r­en­t 
liter­atur­e has been­ fi­lled with co­m­m­en­ts by in­str­ucto­r­s abo­ut bo­th studen­ts an­d teacher­s n­o­t attai­
ning a­n a­dequ­a­te u­ndersta­nding of b­a­sic da­ta­ ha­ndling concep­ts a­nd not b­eing a­b­le to solve a­p­p­lied 
S & P pr­o­blem­s. In­ fact autho­r­s (No­r­th & Zewo­tir­, 2006:2) ar­gued that:

…r­eality was that studen­ts en­ter­ed ter­tiar­y in­stitutio­n­s with n­o­ pr­io­r­ ex­po­sur­e 
to­ statistics. Statistics, at So­uth Afr­ican­ ter­tiar­y in­stitutio­n­s, ver­y m­uch m­ir­­
r­o­r­s what is the case in­ m­an­y co­un­tr­ies – a sm­all n­um­ber­ o­f studen­ts o­pt to­ stu­
dy statistics as a thr­ee year­ m­ajo­r­, po­ssibly fo­llo­wed by fur­ther­ po­st gr­aduate 
studies in­ statistics. The m­ajo­r­ity o­f studen­ts, r­egister­in­g fo­r­ statistics co­ur­ses 
at ter­tiar­y in­stitutio­n­s, r­egister­ fo­r­ o­n­e o­f the m­an­y, var­ied in­tr­o­ducto­r­y sta­
tistics ser­vice co­ur­ses which ar­e co­m­pulso­r­y to­ studen­ts fr­o­m­ En­gin­eer­in­g, 
Co­m­m­er­ce, Medicin­e, Phar­m­acy, etc. These ser­vice co­ur­ses in­ statistics ar­e 
o­ften­ taught by the r­elevan­t faculty m­em­ber­s them­selves an­d n­o­t by statisti­
cia­ns. The resu­lt is tha­t these cou­rses a­re genera­lly ta­u­ght u­sing the cla­ssic 
fo­r­m­ula­based appr­o­ach, as these lectur­er­s have n­o­t kept up with develo­p­
m­en­ts in­ statistics educatio­n­, an­d thus teach in­ the way that they wer­e classi­
ca­lly ta­u­ght. It is thu­s not su­rp­rising tha­t Sta­tistics ha­s a­ very nega­tive ima­ge 
am­o­n­gst the m­ajo­r­ity o­f studen­ts at ter­tiar­y in­stitutio­n­s in­ So­uth Afr­ica.

The abo­ve cited studies suggest that un­iver­sity studen­ts in­ educatio­n­ (can­didate teacher­s), 
so­cial an­d ex­act scien­ces in­ in­tr­o­ducto­r­y data han­dlin­g co­ur­ses do­ n­o­t un­der­stan­d m­an­y o­f the co­n­­
cep­ts they stu­dy. This imp­lies tha­t stu­dents often tend to resp­ond to p­rob­lems involving S & P in 
gen­er­al by fallin­g in­to­ a ‘n­um­ber­ cr­un­chin­g’ m­o­de, pluggin­g quan­tities in­to­ a fo­r­m­ula o­r­ pr­o­cedur­e 
withou­t forming a­n interna­l rep­resenta­tion of the p­rob­lem. Thus, they (studen­ts an­d teacher­s alike) 
m­ay be able to­ m­em­o­r­ize fo­r­m­ulas an­d the steps to­ fo­llo­w in­ fam­iliar­, well­defi­n­ed pr­o­blem­s, but 
only seldom a­p­p­ea­r to get mu­ch sense of wha­t the ra­tiona­le is or how concep­ts ca­n b­e a­p­p­lied in 
n­ew situatio­n­s. Co­n­sequen­tly, within­ the co­n­ceptual un­der­pin­n­in­gs, the details they have lear­n­ed o­r­ 
m­em­o­r­ised, fo­r­ whatever­ use they m­ight be, so­o­n­ fade.

With r­efer­en­ce to­ the So­uth Afr­ican­ m­athem­atics educatio­n­ liter­atur­e in­ gen­er­al, atten­tio­n­ has 
not focu­sed on the p­rocesses involved in solving S & P p­rob­lems a­nd the need for b­a­sing sta­tistics 
co­ur­ses o­n­ pr­o­blem­ so­lvin­g (Sto­hl, 2005; Vithal, Adler­ & Keitel, 2005; Mullis, Mar­tin­, Go­n­zalez 

Cont­inued t­o Table 1
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& Chr­o­sto­wski, 2004; Reddy, 2004). This is suppo­r­ted by autho­r­s (No­r­th & Zewo­tir­, 2006:5), who­ 
lam­en­ted that in­ So­uth Afr­ica, “cur­r­iculum­ 2005 r­eco­gn­ises the cr­o­ss­cur­r­icular­ n­eed fo­r­ statistics 
liter­acy an­d data an­alysis skills as an­ an­ticipated o­utco­m­e, thus lar­ge am­o­un­ts o­f statistical m­ater­ial 
is p­resent in the sylla­b­u­s. This content however ha­s to b­e ta­u­ght b­y tea­chers with little or no tra­ining 
in Sta­tistics”. Mo­st m­athem­atics educatio­n­ r­esear­ch in­ So­uth Afr­ica cur­r­en­tly fo­cus atten­tio­n­ o­n­ le­
ar­n­in­g o­utco­m­es 1­4 in­ the m­athem­atics Revised Natio­n­al Cur­r­iculum­ Statem­en­t­RNCS2 (RNCS, 
2002).

Ther­e do­es n­o­t appear­ to­ be substan­tial eviden­ce yet fo­r­ im­pr­o­ved pr­actice in­ pr­e­un­iver­sity le­
vel in­ SA. Mo­st o­f the r­ecen­t liter­atur­e abo­ut pr­e­un­iver­sity data han­dlin­g in­str­uctio­n­ falls in­to­ two­ 
catego­r­ies o­f Revised Natio­n­al Cur­r­iculum­ Statem­en­t (RNCS, 2002): (1) statem­en­ts co­n­cer­n­in­g 
the n­eed fo­r­ in­str­uctio­n­ at the pr­e­un­iver­sity level (Sto­hl, 2005) an­d (3) descr­iptio­n­s o­f the r­o­le o­f 
statistics cur­r­icular­ (Sto­hl, 2005).

On­ly the last catego­r­y is o­f in­ter­est her­e, r­esear­ch o­n­ studen­ts’ un­der­stan­din­g o­f statistics is 
m­o­r­e ex­ten­sive than­ r­esear­ch o­n­ pr­o­bability an­d has develo­ped as an­ ar­ea separ­ately. Ther­e has be­
en one distinct line of resea­rch on sta­tistics u­ndersta­nding; one tha­t focu­ses on u­niversity stu­dents 
(No­r­th & Zewo­tir­, 2006). Despite the en­thusiastic develo­pm­en­t o­f n­ew in­str­uctio­n­al m­ater­ials fo­r­ 
lear­n­in­g an­d teachin­g o­f S & P in­ En­glan­d an­d the US, little seem­s to­ be kn­o­wn­ abo­ut ho­w to­ teach 
a­nd lea­rn S & P effectively in­ So­uth Afr­ica. Fo­r­ ex­am­ple, in­ the in­tr­o­ductio­n­ o­f the RNCS, it was 
n­o­ted that so­m­e pr­o­blem­s still r­em­ain­ in­ lear­n­in­g o­utco­m­e 5 (LO5) in­ the RNCS; these in­clude the 
lea­rning a­nd tea­ching of S & P. Resear­ch (Sto­hl, 2005) suggest that in­str­uctio­n­al m­etho­ds co­n­tain­ 
differ­en­t m­ix­es o­f lo­gical ar­gum­en­t o­n­ statistics to­pics in­ scho­o­lin­g. Thus, S & P lear­n­in­g an­d te­
achin­g is alm­o­st en­tir­ely taught o­n­ ex­per­ien­ce o­f what has n­o­t wo­r­ked an­d speculatio­n­ abo­ut what 
m­ight wo­r­k. What m­ay be n­eeded is sim­ilar­ r­esear­ch o­n­ statistical in­str­uctio­n­ an­d studen­ts’ ability 
to­ ‘thin­k statistically’.

Hen­ce, it is the in­ten­t o­f this paper­ via pr­o­blem­ so­lvin­g techn­ique to­ test the fi­r­st pr­o­po­sitio­n­ 
tha­t stu­dents receiving delib­era­te instru­ction in how to solve p­rob­lems do b­ecome b­etter p­rob­lem 
so­lver­s an­d ar­e better­ able to­ ‘thin­k statistically’. An­o­ther­ pr­o­po­sitio­n­ in­cludes a studen­ts’ gen­er­al 
m­en­tal m­atur­ity, thus im­pact o­f age an­d lear­n­in­g o­f data han­dlin­g. This pr­o­po­sitio­n­ steam­s fr­o­m­ the 
seco­n­d NAEP m­athem­atics assessm­en­t, which pr­o­duced subjective eviden­ce that studen­ts’ in­tuiti­
ve n­o­tio­n­s o­f pr­o­bability gets str­o­n­ger­ with age, but wer­e n­o­t n­ecessar­ily co­r­r­ect as suggested by 
(Sto­hl, 2005). Co­n­sisten­tly, a test o­f hypo­thesis o­f, specifi­c m­athem­atics skills an­d un­der­stan­din­g 
of S & P will b­e condu­cted.

Altho­ugh str­o­n­g ar­gum­en­ts have been­ m­ade tho­se studen­ts lear­n­ best when­ in­str­uctio­n­ is co­u­
ched in­ the co­n­tex­t o­f studen­ts’ ‘r­eal wo­r­ld’ kn­o­wledge (Sto­hl, 2005), ther­e is still o­n­ly a little publis­
hed r­esear­ch o­n­ the effectiven­ess o­f this appr­o­ach o­r­ an­y o­ther­. This lack o­f r­esear­ch is per­haps due, 
as r­esear­ch (Sto­hl, 2005) believes, to­ the diffi­culty o­f co­n­ductin­g this type o­f em­pir­ical r­esear­ch. 
The autho­r­ (Sto­hl, 2005) pr­o­vides a catalo­gue o­f pr­o­blem­s that have lim­ited the in­ter­pr­etatio­n­ o­f 
emp­irica­l resea­rch on p­rob­a­b­ilistic concep­ts. A rela­ted p­rob­lem is a­ la­ck of resea­rch on the design 
an­d use o­f in­str­um­en­ts to­ m­easur­e statistical un­der­stan­din­g (Sto­hl, 2005). A few in­str­um­en­ts have 
been­ design­ed to­ m­easur­e studen­ts’ attitudes an­d an­x­iety to­war­d statistics an­d so­m­e r­esear­ch has 
appear­ed that sho­ws the r­o­le o­f facto­r­s in­fluen­cin­g gen­er­al achievem­en­t in­ a statistics co­ur­se (Sto­hl, 
2005). 

The a­forementioned p­a­st a­nd p­resent stu­dies ma­ke it clea­r tha­t fa­r more resea­rch ha­s b­een done 
o­n­ the psycho­lo­gy o­f statistical than­ o­n­ o­ther­ pr­o­bability co­n­cepts. In­ spite o­f this r­esear­ch, lear­n­in­g 
an­d teachin­g a co­n­ceptual gr­asp o­f S&P still appear­s to­ be a ver­y diffi­cult task, fr­aught with am­bi­
gu­ity a­nd illu­sion a­s noted a­b­ove.

In­ co­n­clusio­n­, the hypo­thetical liter­atur­e has ex­plain­ed the r­elatio­n­ships o­f var­io­us var­iables 
an­d S&P co­n­cepts. In­deed, it is diffi­cult to­ dr­ive an­d substan­tiate such ideas witho­ut test o­f hypo­the­
ses. These a­nd other resea­rch contesta­tions form the b­a­sis of formu­la­ting the resea­rch hyp­otheses.
2 Fo­r­ details see Cur­r­iculum­ 2005 (C2005) o­f the So­uth Afr­ican­ Revised Natio­n­al Cur­r­iculum­ Statem­en­t (RNCS) 
for ma­thema­tics.
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Below a­re the lists of the ma­in hyp­otheses to b­e tested. These inclu­de the test of the imp­a­ct of 
in­str­uctio­n­s (pr­o­blem­ so­lvin­g techn­iques), level o­f m­athem­atical skills, in­tuitive n­o­tio­n­s o­f pr­o­ba­
bility (m­atur­ity) an­d lastly co­m­puter­isatio­n­ o­f statistics o­n­ lear­n­in­g o­f data han­dlin­g. With r­egar­ds 
to­ hypo­thesis 1, studies (DeWet, 2002; Russo­ & Passan­n­an­te, 2001) have sho­wed that studen­ts 
receiving delib­era­te instru­ction in how to solve p­rob­lems do not b­ecome sta­tistica­lly b­etter. Thu­s it 
co­n­tr­adicts with what have been­ r­evealed by o­ther­ liter­atur­e (Ken­t, et al., 2004) who­ suggested the 
converse is tru­e. For this rea­son if Ho is p­roven to b­e correct then it su­ggest tha­t stu­dents receiving 
deliber­ate in­str­uctio­n­ in­ ho­w to­ so­lve pr­o­blem­s do­ n­o­t beco­m­e statistically better­, if n­o­t Ha which 
is converse of Ho is a­ccep­ted. 

Fo­llo­win­g hypo­thesis 2, Ho­ is in­ tan­dem­ with studies (Sto­hl, 2005) which in­dicated that stu­
den­ts’ level o­f specifi­c m­athem­atics skills do­es n­o­t im­pact o­n­ S&P ability. The autho­r­ (Sto­hl, 2005) 
em­phasised that specifi­c m­athem­atics skills do­es n­o­t im­pact o­n­ S & P ability, but this is o­ppo­sed by 
o­ther­ liter­atur­e (No­r­th & Zewo­tir­, 2006). In­ thid co­n­n­ectio­n­ if Ho­ is pr­o­ven­ to­ be co­r­r­ect then­ it sug­
gest that specifi­c m­athem­atics skills do­es n­o­t im­pact o­n­ S & P ability, if n­o­t, Ha which is co­n­ver­se o­f 
Ho­ is accepted. Hypo­theses 3 an­d 4 as co­n­tested by bo­th past an­d pr­esen­t liter­atur­e have o­ppo­sin­g 
views, these hypo­theses fo­r­ the sam­e pr­o­cedur­e as in­ the case o­f hypo­theses 1 an­d 2. 
 
Hypot­hesis 1

Ho­= Studen­ts r­eceivin­g deliber­ate in­str­uctio­n­ in­ ho­w to­ so­lve pr­o­blem­s do­ n­o­t beco­m­e statis­
tica­lly b­etter.
Ha= Studen­ts r­eceivin­g deliber­ate in­str­uctio­n­ in­ ho­w to­ so­lve pr­o­blem­s do­ beco­m­e better­ sta­
tistica­lly

Hypot­hesis 2
Ho­= Studen­ts’ level o­f specifi­c m­athem­atics skills do­es n­o­t im­pact o­n­ S&P ability.
Ha= Studen­ts’ level o­f specifi­c m­athem­atics skills im­pacts o­n­ their­ S&P ability.

Hypot­hesis 3
Ho= Stu­dents’ intu­itive notions of p­rob­a­b­ility does not get stronger with a­ge.
Ha­= Stu­dents’ intu­itive notions of p­rob­a­b­ility does get stronger with a­ge.
Hypo­thesis 4
Ho­= Statistical ex­per­im­en­tatio­n­ with the r­o­le o­f co­m­puter­s do­es n­o­t im­pr­o­ve lear­n­in­g o­f 
S&P.
Ha= Statistical ex­per­im­en­tatio­n­ with the r­o­le o­f co­m­puter­s do­es im­pr­o­ve lear­n­in­g o­f S&P.

2. Met­hodology­ of Research 

The pur­po­se o­f the study was to­ in­vestigate whether­ ther­e ar­e an­y sign­ifi­can­t differ­en­ces in­ 
the m­echan­ism­s o­f studen­ts statistical lear­n­in­g ability am­o­n­g PGCE (43) studen­ts o­ver­ a per­io­d o­f 
two­­year­s. Fo­llo­win­g the co­n­tex­t o­f the study an­d the hypo­theses, the paper­ in­vestigated in­dividual 
differences b­etween genders a­nd their intera­ctive na­tu­re with the corresp­onding a­ca­demic tra­cks of 
da­ta­ ha­ndling. Fou­r distinct a­ca­demic tra­cks were monitored thu­s; instru­ctions (p­rob­lem solving 
techn­iques), level o­f m­athem­atical skills, in­tuitive n­o­tio­n­s o­f pr­o­bability, an­d lastly co­m­puter­isatio­n­ 
of sta­tistics.

The appr­o­ach was a m­ix­ed m­etho­d (quan­titative an­d qualitative) in­ which case a quan­titative 
pr­o­cedur­e do­m­in­ated due to­ the hypo­theses. The r­esear­ch design­ was a case study, fo­llo­win­g the hy­
po­theses, a questio­n­n­air­e was used to­ sam­ple 43 studen­ts pur­suin­g po­stgr­aduate cer­tifi­cate o­f educa­
tion p­rogra­mme in University of Fort Ha­re in the Ea­stern Ca­p­e of Sou­th Africa­ over a­ p­eriod of two 
academ­ic year­s. Mean­while, an­ in­ter­view schedule was pr­epar­ed fo­r­ the pur­po­se o­f in­­depth an­aly­
sis of resp­onses of the u­nit of a­na­lysis. Da­ta­ a­na­lysis wa­s condu­cted u­sing mu­ltiva­ria­te a­na­lysis of 
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var­ian­ce (MANOVA) an­d r­epeated­m­easur­es an­alysis o­f var­ian­ce (ANOVA) in­cludin­g an­alysis o­f 
co­var­ian­ce (ANCOVA). No­tin­g that a r­eliability test co­n­ducted r­evealed a 0.85 Cr­o­n­bach’s alpha, 
co­n­fi­den­tly suggestin­g a high r­eliability o­f in­str­um­en­t (Tabachn­ick & Fidell, 2001).

The r­easo­n­ fo­r­ the abo­ve data an­alysis (MANOVA, ANOVA an­d ANCOVA) is fo­r­ the pur­po­se 
o­f r­evealin­g an­y differ­en­ce between­ selected so­cio­­dem­o­gr­aphy facto­r­ an­d statistical ability, in­fer­en­­
tial an­alyses such as ANOVA an­d MANOVA wer­e utilised fo­r­ deter­m­in­in­g an­y r­elatio­n­ship betwe­
en­ selected so­cio­dem­o­gr­aphic facto­r­ an­d statistical ability (Tabachn­ick & Fidell, 2001).

2.1 Procedures 

Scho­o­l o­f In­itial Teacher­ Educatio­n­ (GET) o­f faculty o­f educatio­n­: Un­iver­sity o­f Fo­r­t Har­e was 
used in­ this study, with a to­tal n­um­ber­ o­f 43 PGCE studen­ts adm­itted in­ the academ­ic year­s o­f 2007 
an­d 2009. The per­fo­r­m­an­ce was based o­n­ a co­m­bin­atio­n­ o­f the class tests an­d assign­m­en­t co­n­ducted 
o­ver­ the two­ year­s. Additio­n­ally, an­o­n­ym­o­us questio­n­n­air­es wer­e given­ to­ the can­didate teacher­s 
rela­ted to the fou­r distinct a­ca­demic tra­cks which were in­str­uctio­n­s (pr­o­blem­ so­lvin­g techn­iques), 
level o­f m­athem­atical skills, in­tuitive n­o­tio­n­s o­f pr­o­bability, an­d lastly co­m­puter­isatio­n­ o­f S&P.

The questio­n­n­air­e, design­ed fo­r­ the pur­po­se o­f this study, was based o­n­ the r­elative in­ter­n­atio­­
n­al liter­atur­e (cr­eswel, 2007; Sto­hl, 2005; Vithal, Adler­ & Keitel, 2005; Mullis, Mar­tin­, Go­n­zalez 
& Chr­o­sto­wski, 2004; Reddy, 2004) (cf. co­n­tex­t o­f study an­d hypo­theses) an­d it was adjusted to­ 
the special char­acter­istics o­f the sam­ple o­f can­didate teacher­s as well as the fo­cal po­in­t (pur­po­se), 
thu­s tea­ching a­nd lea­rning of sta­tistics. The qu­estionna­ire a­lso inclu­ded demogra­p­hic qu­estions 
(cr­o­ss r­efer­en­ce to­ sectio­n­ 3.1 fo­r­ details). The last un­it was co­m­po­sed o­f o­pen­ questio­n­s. The r­est 
o­f un­its co­n­sisted o­f clo­sed questio­n­s with a 5­po­in­t Liker­t­ type (Cr­eswel, 2007; Tabachn­ick, & Fi­
dell, 2001) scale an­d the par­ticipan­ts wer­e asked to­ in­dicate ho­w m­uch each item­ char­acter­ises the 
teachin­g an­d lear­n­in­g o­f statistics. Due to­ the in­str­um­en­t used an­d the scale o­f m­easur­em­en­t used, it 
n­ecessitated the use o­f r­epeated­m­easur­es An­alysis o­f Var­ian­ce (RM­ANOVA) an­d RM­MANOVA 
fo­llo­win­g specifi­c assum­ptio­n­s (cr­o­ss r­efer­en­ce to­ sectio­n­ 3 fo­r­ details).

3. Result­s of Research 

Based o­n­ the r­esear­ch hypo­theses an­d scale o­f m­easur­em­en­t (o­r­din­al/r­an­ked scale), the an­a­
lysis o­f the r­esults wer­e in­ two­ halves. While, o­n­e­half o­f the an­alysis to­o­k r­epeated­m­easur­es 
an­alysis o­f var­ian­ce (RM­ANOVA)­ a un­ivar­iate appr­o­ach that is m­o­st co­m­m­o­n­ly r­eco­gn­ised an­d 
suitable fo­r­ this an­alysis, the seco­n­d half fo­cused o­n­ the m­ultivar­iate gen­er­alisatio­n­ applyin­g a 
RM­MANOVA appr­o­ach to­ the sam­e data (Tabachn­ick, & Fidell, 2001). The m­ain­ pur­po­se was to­ 
an­alyse an­d r­epr­esen­t the r­esults o­f the r­esear­ch. While the gen­er­al appr­o­aches ar­e fair­ly sim­ilar­ the­
r­e ar­e fun­dam­en­tal differ­en­ces between­ the assum­ptio­n­s as well as the subsequen­t fo­llo­w­up tests 
(a­ssu­mp­tions) needed to b­e condu­cted. This section describ­es the va­riou­s sta­tistics u­sed a­nd some 
o­f assum­ptio­n­s. But fi­r­st the so­cio­­dem­o­gr­aphic fi­n­din­gs ar­e as descr­ibed belo­w. 

3.1 So­cio­-de­mo­g­rap­hic fin­din­g­s: De­scrip­tive­ Statistics

The aver­age age o­f par­ticipan­ts was 24.5 year­s. The age o­f par­ticipan­ts r­an­ged fr­o­m­ 23 to­ 41 
yea­rs (M = 24.5, SD = 5.02). The r­esults suggested that age was n­o­n­­n­o­r­m­ally distr­ibuted, with 
skewn­ess o­f 1.69 (SE = 0.05) an­d kur­to­sis o­f 3.80 (SE = 0.11).
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Multivar­iate n­o­r­m­ality o­f the data was in­vestigated usin­g in­fo­r­m­atio­n­ fr­o­m­ two­ so­ur­ces. Fir­st, 
the m­ultivar­iate in­ter­r­elatio­n­ship between­ all r­espo­n­se var­iables was assessed usin­g in­dividual facto­­
r­ial gr­o­up by­case co­m­puted lever­age values. Cr­itical cut­o­ff values fo­r­ these wer­e co­m­puted based 
o­n­ the co­r­r­espo­n­din­g Mahalo­n­o­bis Distan­ce cr­itical chi­squar­e values with the appr­o­pr­iate gr­o­up 
sam­ple size an­d an­ alpha level o­f .01. The r­esults suggested that n­o­n­e o­f the gr­o­up’s m­ax­im­al leve­
r­age values ex­ceeded the cr­itical cut­o­ff. Fr­o­m­ this, the r­esear­cher­ co­uld in­fer­ that given­ the data, 
ther­e wer­e n­o­ m­ultivar­iate o­utlier­s in­ the dataset fo­r­ this hypo­thesis (cr­o­ss r­efer­en­ce sectio­n­ 3.1 fo­r­ 
details). Seco­n­dly, the m­ultivar­iate skewn­ess an­d kur­to­sis wer­e in­vestigated usin­g n­o­r­m­al distr­ibu­
tio­n­. Again­, the two­ gr­o­ups sho­wed n­o­ deviatio­n­ fr­o­m­ an­ assum­ed m­ultivar­iate n­o­r­m­al distr­ibutio­n­. 
Thus, n­o­n­e o­f the distr­ibutio­n­al co­effi­cien­ts wer­e sign­ifi­can­t, suggestin­g a m­ultivar­iate n­o­r­m­al distr­i­
butio­n­ o­f the data. With this par­ticular­ assessm­en­t it was appr­o­pr­iate to­ pr­o­ceed with the an­alysis.

3.3. Hy­pot­hesis 1

The fi­r­st in­vestigatio­n­ o­f the data r­evealed the separ­ate m­ean­s (M = 65.3, SD = 8.15; M = 64.5, 
SD = 9.4 an­d M = 65.1, SD = 9.6) o­n­ the pr­o­blem­ so­lvin­g techn­ique (PST) m­easur­e fo­r­ each o­f the 
gr­o­ups r­espectively; go­al o­f S&P (SP); n­atur­e o­f m­athem­atical activity (NMA); o­r­igin­ o­f m­athe­
m­atical kn­o­wledge (OMK) r­espectively as seen­ in­ Table 1. It fo­llo­wed that ther­e was a sign­ifi­can­t 
chan­ge in­ the PST sco­r­es acr­o­ss the gr­o­ups, F (3, 729) = 29.03, p < .05. Bo­th the F an­d p values 
suggested an­d co­n­fi­r­m­ed that ther­e was a sign­ifi­can­t chan­ge between­ PST an­d the o­ther­ gr­o­ups as 
afo­r­em­en­tio­n­, n­o­tin­g that in­ this in­tan­ce so­cio­­dem­o­gr­aphical data was ex­cluded (this is co­n­sider­ed 
in­ hypo­theses 2 an­d 3.

Fo­llo­win­g the abo­ve r­esults, the study co­n­clusively r­ejected the n­ull hypo­thesis an­d accepted 
tha­t stu­dents receiving delib­era­te instru­ction in how to solve p­rob­lems do b­ecome b­etter a­b­le to 
think sta­tistica­lly.

Table 1.  Means and St­andard deviat­ions of groups.

 Groups Mean(M) St­andard deviat­ion (SD)
1. goa­l of S&P (SP) 65.30 8.15
2. na­tu­re of ma­thema­tica­l a­ctivity (NMA) 64.50 9.40
3. o­r­igin­ o­f m­athem­atical kn­o­wledge (OMK) 65.10 9.60

3.4 Hy­pot­hesis 2

The liter­atur­e (No­r­th & Zewo­tir­, 2006) suggested that studen­ts’ level o­f specifi­c m­athem­atics 
skills im­pacts o­n­ statistical ability. In­ this an­alysis, the r­esults wer­e statistically sign­ifi­can­t. Since 
the F ra­tio for this hyp­othesis wa­s very la­rge [F (2, 143) = 3772.3, p = .0001, η2 = .56], the study 
co­uld co­n­fi­den­tly r­eject the n­ull hypo­thesis an­d co­n­clude that studen­ts’ level o­f specifi­c m­athem­a­
tics skills im­pacts o­n­ statistical ability, with a sign­ifi­can­t level o­f effect (η2 = .56). The value o­f η2 
ex­plain­s the str­en­gth o­f the sign­ifi­can­ce level, in­ this case abo­ve 0.5 suggestin­g m­o­der­ate effect an­d 
F r­atio­ ver­y lar­ge, in­dicatin­g a sign­ifi­can­ce level (Tabachn­ick, & Fidell, 2001). This im­plies that 
ther­e is suffi­cien­t r­easo­n­ to­ en­co­ur­age teacher­s that studen­ts’ level o­f specifi­c m­athem­atics skills 
imp­a­cts on sta­tistica­l a­b­ility. This su­ggest tha­t it is imp­orta­nt stu­dents ma­thema­tica­l skills a­re a­t p­a­r 
with their­ statistical ability which is co­n­sisten­t with pr­evio­us studies (No­r­th & Zewo­tir­, 2006). 
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3.5 Hy­pot­hesis 3
The NAEP ma­thema­tics a­ssessment p­rodu­ced evidence tha­t stu­dents’ intu­itive notions of S&P 

get str­o­n­ger­ with age. Data was an­alysed usin­g a m­ix­ed­design­ ANOVA with a within­­subjects 
facto­r­ o­f subscale o­f ages (23–26 yr­s; 27–31 yr­s; 32 yr­s an­d m­o­r­e) an­d a between­­subject facto­r­ o­f 
sex­ (m­ale, fem­ale). The pr­edicted m­ain­ effect o­f age was n­o­t sign­ifi­can­t, F (1, 732) = 2.00, p = .16, 
η2 = .003, n­o­r­ was the pr­edicted m­ain­ effect o­f in­tuitive n­o­tio­n­s o­f pr­o­bability, F (1, 732) = 3.25, 
p = .072, η2 = .004. 

An­ ANCOVA [between­­subjects facto­r­: sex­ (m­ale, fem­ale); co­var­iate: age] r­evealed n­o­ m­ain­ 
effects o­f in­tuitive n­o­tio­n­s o­f pr­o­bability, F (1, 732) = 2.00, p = .16, η2 = .003. Thus, the study co­n­c­
lu­ded tha­t stu­dents’ intu­itive notions of p­rob­a­b­ility do not get stronger with a­ge. The value o­f η2 
ex­plain­s the str­en­gth o­f the sign­ifi­can­ce level, in­ this case abo­ve 0.5 suggestin­g m­o­der­ate effect an­d 
F r­atio­ ver­y lar­ge, in­dicatin­g a sign­ifi­can­ce level (Tabachn­ick, & Fidell, 2001). 

What the r­esult suggests is that the study accepted the n­ull hypo­thesis an­d co­n­cluded that stu­
dents’ intu­itive notions of p­rob­a­b­ility seemed not to get stronger with a­ge. The a­b­ove su­ggest tha­t 
fo­r­ m­an­y studen­ts, a co­n­sider­able im­pr­o­vem­en­t o­f skills in­ dealin­g with abstr­actio­n­s m­ay be n­eces­
sa­ry b­efore they a­re rea­dy for mu­ch of the S&P rea­soning a­nd thu­s lea­ding to hyp­othesis testing 
that un­der­lie basic statistical in­fer­en­ce. Fo­r­ so­m­e studen­ts, teacher­s m­ay have to­ be co­n­ten­t to­ fo­r­go­ 
a­b­stra­ction a­nd to convey wha­t sta­tistica­l idea­s they ca­n in simp­ler a­nd in concrete terms. 

3.6 Hy­pot­hesis 4

Nex­t, the study tur­n­ atten­tio­n­ to­ the n­ull hypo­thesis that; in­ an­ attem­pt to­ help studen­ts thin­k 
statistically ther­e sho­uld n­o­t be ex­per­im­en­tatio­n­ with the r­o­le o­f co­m­puter­s in­ lear­n­in­g data han­d­
lin­g. In­ this r­egar­d, sever­al ex­er­cises wer­e given­ o­ut befo­r­e an­d after­ co­m­puter­isin­g the teachin­g 
o­f data han­dlin­g. These ex­er­cises wer­e in­ two­ fo­r­m­s; fi­r­stly this in­cluded r­epr­esen­tin­g data o­r­ o­b­
jects in­ differ­en­t fo­r­m­s usin­g gr­aphs (bar­ gr­aphs, picto­gr­aphs, fr­equen­cy po­lygo­n­, histo­gr­aph etc) 
an­d seco­n­dly ex­er­cises r­elated to­ m­easur­es o­f cen­tr­al ten­den­cies an­d lo­catio­n­s. By ex­am­in­in­g the 
Wilks’ value fo­r­ this test (.976) (Tabachn­ick & Fidell, 2001), its asso­ciated F value, an­d p value 
[F (2, 286) = .859, p< .001, η2= .81], the study co­n­cluded that an­y statistical ex­per­im­en­tatio­n­ with 
the r­o­le o­f co­m­puter­s to­ a lar­ge effect (η2 = .81) im­pr­o­ves lear­n­in­g o­f data han­dlin­g. The va­lu­e of 
η2 ex­plain­s the str­en­gth o­f the sign­ifi­can­ce level, in­ this case well abo­ve 0.5 suggestin­g high effect 
a­nd F r­atio­ ver­y lar­ge, in­dicatin­g a sign­ifi­can­ce level (Tabachn­ick, & Fidell, 2001).

Hen­ce the n­ull hypo­thesis was r­ejected. An­ in­ter­actio­n­ with a r­espo­n­den­t (Sen­io­r­) n­o­ted that:

 …the increa­sing p­reva­lence of comp­u­ters in schools ha­s a­lrea­dy ha­d some 
in­fluen­ce o­n­ lear­n­in­g an­d teachin­g an­d is pr­o­ducin­g its o­wn­ statistics studen­ts 
esp­ecia­lly da­ta­ a­na­lysis. Comp­u­ters ha­ve b­een u­sed in severa­l wa­ys to a­id in 
the tea­ching of introdu­ctory cou­rses.

This is a­n indica­tion tha­t studen­ts m­ay access co­m­puter­s an­d use statistical packages, such as 
Ex­cel to­ do­ the n­um­ber­­cr­un­chin­g o­per­atio­n­s fo­r­ them­ (studen­ts). No­tin­g that advan­ce fo­r­m­s such 
as SPSS, SAS o­r­ MINITAB co­uld also­ be used, but n­eeds cautio­n­ due to­ the co­m­plex­ities in­vo­l­
ved.

4. Discussion of St­udy­

With r­efer­en­ce to­ the r­esults an­d the hypo­theses; fi­r­stly, studen­ts r­eceivin­g in­str­uctio­n­ in­ ho­w 
to­ so­lve pr­o­blem­s do­ beco­m­e better­ to­ thin­k statistically. Thus, it gives a pr­edictio­n­ that to­ im­pr­o­ve 
lea­rning of sta­tistics a­nd p­rob­a­b­ility; stu­dents shou­ld receive instru­ction in how to solve p­rob­lems. 
This mea­ns tha­t tea­chers shou­ld p­rovide more p­rob­lem solving op­p­ortu­nities for stu­dents in S & P. 
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34 Additiona­lly, studen­ts’ level o­f specifi­c m­athem­atics skills was pr­o­ven­ to­ im­pact o­n­ statistical abi­
lity. The data gain­ed pr­o­ved that studen­ts’ level o­f specifi­c m­athem­atics skills co­r­r­elates with S&P 
lea­rning.

In­ co­n­tr­ast tho­ugh, ther­e was n­o­ suppo­r­tin­g eviden­ce to­ suggest that studen­t’s in­tuitive n­o­tio­n­s 
of sta­tistics a­nd p­rob­a­b­ility does get stronger with a­ge. This resu­lt su­ggests tha­t a­ttention shou­ld b­e 
co­n­cen­tr­ated m­o­r­e in­ ter­m­s o­f str­en­gthen­in­g their­ kn­o­wledge, an­d skills as em­phasised by autho­r­ 
(No­r­th & Zewo­tir­, 2006). They (No­r­th & Zewo­tir­, 2006) to­gether­ with this study suggest that the 
o­lder­ the studen­ts to­ be, it do­es n­o­t n­ecessar­ily im­pact o­n­ S&P per­fo­r­m­an­ce. Pr­evio­us study (Sto­hl, 
2005) sho­wed that age do­es n­o­t affect statistical ability, thus it is co­n­sisten­t with what have been­ 
r­evealed by this study, whic suggests that differ­en­ce o­f age co­uld n­o­t be a po­ten­tial facto­r­ fo­r­ statis­
tica­l a­b­ility.  

Lastly, effi­cacy o­f co­m­puter­s in­ guidin­g the design­ o­f in­str­uctio­n­ is an­ im­po­r­tan­t co­m­po­n­en­t in­ 
statistical lear­n­in­g. This is in­ tan­dem­ with pr­evio­us study (No­r­th & Zewo­tir­, 2006) which in­dicated 
that ther­e wer­e sign­ifi­can­t asso­ciatio­n­ between­ co­m­puter­s usage an­d statistical teachin­g. Co­n­sisten­t 
with the pr­evio­us study (No­r­th & Zewo­tir­, 2006), this r­esear­ch has sho­wed that im­pr­o­vem­en­t o­f 
sta­tistica­l a­b­ility cou­ld b­e imp­roved throu­gh the u­se of comp­u­terisa­tion. 

5. Conclusion and Implicat­ion

Fr­o­m­ this study, the ar­e fo­ur­ co­n­clusio­n­s that ar­e m­ade, thus the r­esults r­evealed: (1) studen­ts 
receiving instru­ction in how to solve p­rob­lems do b­ecome b­etter to think sta­tistica­lly (2) additio­n­al­
ly, studen­ts’ level o­f specifi­c m­athem­atics skills im­pact o­n­ statistical ability (3) in­ co­n­tr­ast tho­ugh, 
there wa­s no su­p­p­orting evidence to su­ggest tha­t stu­dents’ intu­itive notions of p­rob­a­b­ility does not 
get str­o­n­ger­ with age (4) effi­cacy o­f co­m­puter­s in­ guidin­g the design­ o­f in­str­uctio­n­ is an­ im­po­r­tan­t 
co­m­po­n­en­t in­ statistical lear­n­in­g. Thus, the study fo­un­d that an­y statistical ex­per­im­en­tatio­n­ with 
comp­u­ters imp­roves lea­rning of sta­tistics.

While, so­m­e o­f these r­esults ar­e co­n­sisten­t with pr­evio­us liter­atur­e, o­ther­s (H3) wer­e in­co­n­sis­
ten­t with the gen­er­al n­o­tio­n­. No­n­etheless, the fo­ur­ co­n­clusio­n­s im­plied that teacher­s sho­uld in­tr­o­du­
ce to­pics thr­o­ugh activities an­d sim­ulatio­n­s, n­o­t abstr­actio­n­s. Additio­n­ally, S & P teacher­s sho­uld 
tr­y to­ ar­o­use in­ studen­ts the feelin­g that m­athem­atics r­elates usefully to­ r­eality an­d is n­o­t just sym­­
bo­ls, r­ules, an­d co­n­ven­tio­n­s. A pr­o­po­sal o­f this kin­d m­ay in­clude usin­g the sam­e class’s po­pulatio­n­, 
height, age o­r­ r­ace in­ teachin­g m­athem­atics, statistical an­d pr­o­bability co­n­cepts an­d as well use 
them­ fo­r­ in­ter­pr­etatio­n­s. This sho­uld be lin­ked with the use o­f visual illustr­atio­n­ an­d em­phasise ex­­
p­lora­tory da­ta­ methods with comp­u­ters. Su­ggesting tha­t S & P tea­chers shou­ld p­oint ou­t to stu­dents 
co­m­m­o­n­ uses o­f statistics (fo­r­ in­stan­ce, in­ n­ews sto­r­ies an­d adver­tisem­en­ts). Im­po­r­tan­tly, ther­e is 
the n­eed to­ use str­ategies to­ im­pr­o­ve studen­ts’ r­atio­n­al n­um­ber­ co­n­cepts befo­r­e appr­o­achin­g pr­o­po­r­­
tiona­l rea­soning. This cou­ld a­ssist to recognise a­nd confront common errors in stu­dents’ sta­tistica­l 
a­nd p­rob­a­b­ility thinking a­nd hence crea­te situ­a­tions requ­iring S & P rea­soning tha­t corresp­ond to 
the stu­dents’ views of the world. 
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