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Student Attitu des, Conceptions, and Achievement in
Introductory Undergraduate Colle ge Statistics

Brian Evans

The purpose of this study was to measure student attitudes toward and conceptions about statistics,
both before and after an introductory undergraduate college statistics class. Relationships between
those attitudes and conceptions, as well as their relationships to achievement in statistics, were also
studied. Significant correlations were found between student attitudes and achievement, both at the
beginning and end of the course. A low, but significant, correlation was found between positive
attitudes toward statistics and accurate conceptions about statistics in the posttest but not in the
pretest. Although it was found that there was no change in student attitudes and conceptions over the
course of the semester, students did have more positive attitudes and correct conceptions than
expected. Additionally, instructor interviews revealed that the most common technique employed to
improve student attitudes and conceptions was the use of real-world applications.

Studerts typically enter college matematcs
clases with certin attitudes and precancepions
toward the subject Upon completion of the course,
some students may exit with new or changed attitudes
and conceptions due to instructor intervertion ard
exposure to contert. This study, originally a doctoral
dissertation (Evans, 2005), focuseson studert attitudes
toward statistics, conceptions about statistics and
achHevemert in introductory undergaduate college
statistics clases Although student attitudes ard
achevemernt in statistics have previously been
invedigated separakly, the correlation betweenstudert
attitudesand conceptions in this subjecthasnot beenas
widely documerted (Barkley, 1995). Also, no resach
was found regarding instructorsO metods for
improving student atitudes and changing student
misconcepionsin the statistics classroom.

Student attitudes toward statistics incorporates
elemerts from ThurstoneOg1970) definition ard is a
measire of studentsOpositive and negative feelings
toward the subject of statistics in terms of relevance
ard value, difficulty and self-efficacy, and gereral
impression toward the subject The phras studert
conceptions about statisticsN combining ideas from
Davis ard Palladno (2002) and Barkiey (1995)N
addresses student ideas and beliefs about statistics
This includes asessing the degee of studen
underganding of what quedions can or camot be
arswered using probahlity and statistics, as well as
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aplying probahlistic and statistical concefts in
appropriate situations. It is importart, however, to
differertiate conceptions  from  achievemert.
Achievement is defined by studert ahlity in
computations and solving problems which can
normally be measired by written teds. Conceptions
deal more with deeper underganding. For example, it
is one thing to know how to calcuate a Pearsn
correlation coefficiert, but it is quite another to know
that a Pearsn correlation coefficient is a measire of
the strength of the linear relationship between two
variabes

The connecion between attitudesand actievemert
in mathematics has a rich history. Aiken (1970, 1974,
1976) found significart relationships betweenattitudes
toward mathematics and achevemert. Specifically, he
showed that attitudes and achievement in mathematcs
are reciprocal: studernts who have better attitudes
towards mathematics demamstrate higher achievemernt,
and studerts who have higher achievemert exhibit
better atitudes These reallts confirmed earier work
by Neale (1969), who found a low, but significart,
relationship betweenattitudestoward mathematcs and
achevemert. Ma and KishorOg1997) met-aralysis on
the relationship between atiitude toward ard
achevemernt in mathematcs found a statisticaly
significart positive relationship between the two
variabes Although this relationship was found to be
reliabe, it wasnot found to be strong.

Similarly in statistics, Schultz and Koshino (1998)
showed that there exists a consistert positive
relationship between attitudes toward statistics and
achevemernt in statistics confirming realts from
Arkaki and Schultz (1995); Elmore and Lewis (1991);
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Elmore, Lewis, and Bay (1993); Roberts ard Saxe
(1982); Suars (1992); and Wise (1985). Furthemmore,
Feinberg and Halperin (1978) reported that meadures
of anxiety and attitudes among other variabes were
significartly related to course outcome. Additionally,
Gal and Ginsburg (1994) found that negative atitudes
and beliefs about statistics canimpede the learning of
statistics. Sutars (1992) said that it would be useful
for instructors to know studert attitudes toward the
subject so that instructors could use beter teaching
strateges to overcane such problens. Finally,
Rogness (1993) ageed that underganding student
attitudes toward statistics can assist in creatng an
individualized intervertion strategy to help remove
someof the arxiety for a specific studert.

According to Greder (2001), BanduraDsSccial
Cognitive Learning Theay says, O®lf-effi cacy is the
learrerO&elief in his or her capatilitiesto succesfully
marage sSituations that may include novel or
unpredctabe elemensO (p. 330). Greder,
summaizing BanduraOs conclusion, says, OSdt
efficacy beliefs affect human functioning indirecty by
influerncing individuals® cognitive, moativational,
affective, and selecion proceses Individuals with
high self-efficacy construct succes scerarios, set
challenging goals, perdst in the faceof diffi culties and
control disturbing thoughtsO (p. 330). This gives
educational reseach on studert attitudes a thearetical
pergpecive while also providing a clear justification
for improvemernt of attitudes regardng student self-
efficacy.

Shaughnessy (1992) claimed QVe needto develop
some stardard, reliabe tools to assess our students®
conceptions of probablity and statisticsO (p. 489).
These instrumerts should build on previous resarch
ard invedigate studertsO conceptions of probabhility
and statistics for mary different grade lewels.
Resgonding to this need Hirsch and O@onnell (2001)
developed and used an instrumert to meadure student
misconcepions. They determinedthat, degite aformal
course in statistics, studernts continued to demonstrate
misconcepions. Other resarchers (delMas & Bart,
1987; Garfield, 1981; Garfield & Ahlgren 1988; Huck,
2007; Kameman & Tverky, 1972, 1973; Konold,
1991; Landwehr, 1989) have also idertified student
misconcepions. The National Council of Teacters of
Mathematics (NCTM), in the Data Analysis and
Probahility secton of Principles and Sandards for
School Mathematics (2000), states OMiconceptions
that arise becawse of studentsOrepresertations of data
offer situations for new leaning and instructionsO (p.
113). If instructors were aware of the common
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misconcepions studernts have before, and retain after,
participation in an introductory statistics course, their
practices could be adapied to assist studernts in
improving their underganding of statistics (Barkiey,
1995; Landwehr, 1989; Shaughnessy, 1977, 1992).

Resarch Quedions

The following resarch quedions guided this
study.

1. To what extent do studert attitudes toward
statistics and concepions about statistics
charge after taking an undergaduate
introductory statisticscourse?

2. What differerces exist with regard to student
prior, aswell aspost, atitudesand conceptions
toward statistics amag the different
departmerts  offering an  introductory
undergaduate colege  statistics clas
(mathematics, psychology, and sociology)?

3. Isthereacorrelation betweenpositive attitudes
toward statistics and accuate conceptions
about statistics prior to and after completing an
undergraduate introductory statisticscourse?

4. Do student atitudes and concepions
significartly predct achHevemen in an
undergraduate introductory statisticscourse?

5. What types of intervertions have instructors
utilized to improve studert attitudes toward
statistics and improve student conceptions
about statistics throughout the course of the
semeser?

M ethodology

The methodology of this study involves a non-
experimertal student survey ard instructor interview.
The sample in this study consisted of studerts in six
randomly selected statistics clases from the
mathematics (n = 30 from two classes, psychology (n
= 43 from three classes, and sociology (n = 42 from
one double-sized class') departmerts and their
instructors (n = 5) at a large urban universty in the
northeagern United States There were 80 female ard
35 male studerts. All three departmerts offered
introductory statistics courses addressing the same
topics. Students completed a survey instrumert ertitled
OSudent Attitudes and Concegtions in StatisticsO
(STACS) (Evars, 2005) that focused on both attitudes
(30 itemg and statistical concepts (14 itemg. Both the
attitudinal and conceptual sectons used a 5-point
Likert-type scale coded with a range of 0 to 4, with a
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score of 4 indicaing strong ageemert, a score of 2
indicaing neural ageemern/disageamert, and a score
of O indicating strong disageemen For negative
attitudes and incorrect concegions the scoring was
revereed. This survey instrumert was based upon
preexsting survey instrumerts (Barkley, 1995;
Gilovich, Vallone, & Tverky, 1985; Huff, 1954;
Rogness, 1993; Shaughnessy, 1992; Suars, 1992;
Wise, 1985). Items for attitudes on STACS consisted
of statemerts such as Olerjoy statisticsOard Olwould
rather not be taking statisticsOltems for conceptions
on STACS consisted of statemerts such as Of a
commercial claim is that a study found 9 out of 10
dentists prefer All Clean Brand toothpage, then the
claim is very quegionabdeOard Qf | flip a coin nine
timesand get nine tails, the next flip will more likely
be headsO (Evars, 2005). Studerts completed the
guegionnaire twice, once at the begnning and once at
the erd of the semeger. The reallts of the STACS were
used to amwer reseach quedions 1 through 4. To
arswer resarch quedion 5, the instructors were
interviewed by the researcler at the end of the semeser
using alist of directopen-ended quegions pertaining to
what instructors did to improve attitudesand eliminate
misconcepions for their studerts. Student achevemern
was measired by final course grade, which used a
standard 100-point gradng scale. Final course grades
in all departmerts were primarily determined by
standard  written  teds involving  datistical
computations.

Reaults

To determine intermal consistercy, CronbactDs
alpha for the STACS quedionnaire was .92 for the
attitudes secion and .59 for the conceptions secton.
Thes vaues indicake that the attitudes section of the
instrumert has high internal consistercy, whereas the
conceptions secion has quedionabde interral
consistercy. Therefore, the reallts found using the
concepions secion should be interpreted more
cauiously than those found using the attitudes secton
of theinstrumert.

Resarch quedions 1 and 2, regardng changesin
attitudes and conceptions and differences betweenthe
acadkmic departmens, were arswered using a 3 X 2
repeaed measures MANOVA. One independert
variabe is acasmic departmenrt offering a statistics
course; this variabe has three levels (mathematics,
psychology, and sociology). Another independert
variabe is score on the atitudes and concepions
survey, with two lewels (pretes and posttest). The
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MANOVA determines whether or not significart
differences exist amang the studertsOmeanscores for
attitudes and conceptions, by department, aswell asif
significart differences exist betweenthe meanscores
on the pretes and postted for attitudes ard
conceptions.

There were no overal statisticaly significart
differencesbetweenthe studertsOpretess and posttess
for attitudes and conceptions, F(1, 228) = 0.166, p =
.684. Therefae, these studerts exhibited no significart
change in attitudes and concegions toward statistics
overthe course of the semeder.

However, statisticaly significart differences were
found for attitudinal and concepual scores among the
different departmerts (mathemaics, psychology, ard
sociology) with F(2, 227) = 9.193, p = .000. Separate
ANOVAs were used to find differerces for attitudes
and conceptions with F(2, 227) = 30.412, p = .000, ard
F(2, 227) = 6.119, p = .003, regectively. A post hoc
ted (Tukey HSD) determined exacly where the mears
differed amang departmerts for both attitudes ard
concepions. Overal, students in the sociology
departmert demonstrated more positive attitudes
toward statistics than did students in the mathemaitcs
and psychology departmerts with p =.000. Studentsin
the sociology departmert also demamstrated more
correct concepions than did studerts in the
mathematics departmert with p = .002. Therewereno
other statistically significart differences found. The
de<riptive statisticsaresummarizedin Tade 1.

Becawse there were no significart changes in
attitudes and concepions, an additional aralysis
determined if the participarts had significartly more
positive than neural attitudes towards statistics ard
more correct conceptions about statistics, as measired
by their regponseson STACS?. For both the pretes and
postted, an independent samges two-tailed t ted
reveakd that students did, in fact, have statisticaly
significart positive attitudes and correct conceptions.
The reallts aresummarizedin Tabes2 and 3. Degite
having positive attitudes towards statistics, student
regponses indicaied that they would rather not be
taking statistics and would not enjoy taking other
statistics courses in the future. Furthermare, studerts
claimedthey would not have taken statistics if it were
not required; they did not find statistics very valuade
in their programs of study. Although studerts held
more correct concegtions than expeced by the
resarcher, mary students held the misconception that
reallts can be extrapolated into the distart future.
Students also failed to reaize that the size of a
population doesnot influencethe samfde sizeneeckd
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Tabel

Means and Standard Deviations for Pretegs and
Postteds for Attitude and Conceptions Scores

Tabe?2
Overall Reallts for the Preted

Test and Department Mean Standard Deviation
Attitudes Pretest
Mathematics 2.06 0.439
Psychology 2.23 0.423
Sociology 2.52 0.369
Total 2.29 0.446
Attitudes Posttest
Mathematics 2.02 0.522
Psychology 214 0.476
Sociology 2.61 0.355
Total 2.28 0.514
Conceptions Pretest
Mathematics 2.26 0.259
Psychology 2.37 0.408
Sociology 2.46 0.278
Total 2.37 0.335
Conceptions Posttest
Mathematics 222 0.263
Psychology 2.32 0.425
Sociology 242 0.300
Total 2.33 0.350

Mean Standard tvalue  Significance

Deviation
Attitudes 2.292 0.446 7.019 .000*
Conceptions  2.373 0.335 11.926 .000*

Note. Student attitudes and conceptions scores were compared to a
neutral value coded as 2 on the instrument (from arange of 0 to 4).
* p<.05, two tails

Tabe3
Overall Reallts for the Posttes

Mean Standard tvalue  Significance

Deviation
Attitudes 2.280 0.514 5.852 .000*
Conceptions  2.330 0.350 10.110 .000*

to use inferercetecmiquesaslong asthe population is
much larger thanthe samde size.

A Pearsn correlation addressed resarch quedion
3, regarding the relationship between attitudes and
concepions. No significart correlation existed between
positive attitudes toward statistics and accuate
concepions about statistics for the preteq, r = .143, n
=115, p = .127. However, the postted reveakd a low,
but significart, correlation between positive attitudes
toward statistics and accuate concegtions about
statistics, r = .197, n = 115, p = .035. Becatse this
correlation is low, it is quedionale if atitudestoward
statistics canbe usedto predct concegions in statistics
after anintroductory statisticsclass.

Additional amalyses determined if significart
correlations existed between positive attitudes toward
statistics and accuate conceptions about statistics for
the preteds amd postteds for the individual
departmerts. The matemaics departmert exhibited
the only significart correlations for the preted¢s ard
postteds, withr = .451, n =30, p =.012, and r = .431,
n =30, p =.018, repecively.

The predctahility of achievemen using the
measiresof attitudesand conceptions, the focus of the
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Note. Student attitudes and conceptions scores were compared to a
neutral value coded as 2 on the instrument (from arange of 0 to 4).
* p<.05, two tails

fourth resach quedgion, was addresed using a
Pearsn correlaton and linear regession. Neither
initial studert concepions and course grades nor final
student concepions and course grades reveakd
significart  correlations.  Howewer,  significart
correlations were found between initial and final
studert attitudesand course grades r = .203, RZ = .04,
n =115, p =.030, and r = .247, R = .06, n = 115, p=
.008, regpecively. A simple regession equation was
calculated for initial student atitude level and final
course grades y = 76.045 + 4.324x, where X represerts
initial attitudinal level and y represents final course
grace. A simple regesion equation was also
calculated for final studert atitude level and final
course grades y = 75.526 + 4.574x, where X represerts
final attitudinal level and y represerts final course
grace. However, becawse the R-squared values were
fairly low in both cases cauion should be taken when
interpreting the regesion equations. Although a
significart linear relationship was found, practicality
and utility are of guedgionable consequerce; course
grades camot necesarily be predcted from the initial
or final studert attitudestowards statistics

Instructor interviews informedresach quegion 5,
regardng instructor intervertions to improve attitudes
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and eliminate misconceptions. Instructors gereraly
said that they try to link the material from the statistics
courses to realworld problems This was the most
commonly used techmique for gereraing intereg,
improving student attitudes and eliminating
misconcegtions in  statistics  One  instructor
demamstrated the link between statistics and future
courses the students would study. Another instructor
used humor, optimism, and erthusiagn for statisticsto
gererae more interes. To improve attitudes ard
eliminate misconcepions, one instructor had students
gather survey data regardng opinions on an upcoming
political elecion. This served as a realworld example
to help studerts better undergand statistical
concepions and their reatlife applicaions. The added
dimersion of data cdlecton allowed studerts to use
their own data for statistical aralysis.

Discussion

Basd on resarch and prior experierce, it was
expected that there would be a change in student
attitudes and concepions towards statistics over the
course of the semeser. It was also expected that
students would not have positive attitudes toward
statistics and that studernts would have a number of
misconcepions in statistics. The reallts of the study
presrted eviderce refuting these expectations. With
these findings takeninto consideraton, the fact that no
significart charnge occured in atitudes ard
concepions is not as disappointing. Students alread/
held gereraly positive attitudes and gereraly correct
concepions in statistics and thus it would be quite
difficult to improve alread/ positive attitudes ard
correct conceptions. This indicates that the commaonly
held belief in educaion that students have negative
attitudes toward statistics and mary misconceptions
about the nature of statistics (Pauos, 1988) may in fact
no longer be true. It may be that since the meanage of
the subjects surveyed in this study was 21 yeas old,
mary of thes studernts learred matemaics from
teacters who may have followed recanmendations
from the NCTM (1989, 2000) Curricuum and
Evaluation Standards for School Mathematics and
Principles and Sandards for School Matheratics
Since the Sandards emphasze statistics ard
probahlity, todayOs studerts may have a better
appreciation for and underganding of statistics than
students in the pag. Much of the prior researchstudied
studerts who were in school before the Curriculum
and Evaluation Standards for School Matherratics was
published and implemened (Heabn & Mickelson,
2002). This could explain why studert attitudes and
concepions in the presen study were gererally better
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than previously believed The attitudesand conceptions
of students who experienced data amalysis ard
probahlity in their earier schooling, compared with
those who lacked those experiences provides another
areafor future resarch

Another unexpected reault wasthat studerts taking
statisticsin the sociology departmert had more positive
attitudes toward statistics than did studerts taking
statistics in the matematcs and psychology
departmerts. Also, studerts taking statistics in the
sociology departmert had more correct conceptions
about the nature of statistics than did studerts taking
statistics in the mathematcs departmert. This
difference may be attributed to the fact that statistics
classesin the mathemaitcs departmert include students
from a variety of majors, whereas the sociology
statistics classes are desgned for sociology majors.
Studerts taking statistics in the mathematcs
departmert are fulfilling arequired univerdty course as
part of a core curricllum. Classes offered in the
sociology departmert are geared toward the work of
sociologists. Since sociologists make extersive use of
statistics in their literaure and research, studerts may
have had more interes in and exposure to statistics.
However, there are two possible problems with this
explaration. First, this doesnot explain why sociology
students held more positive attitudes than psychology
students since psychologists also make extersive use of
statisticsin their literaure and reseach. However, this
resarcher believesthat mary studernts, when unsure of
what major to choose, major in psychology. This may
not be the cas in sociology. Secad, becase over half
of the students in this study were college sophomores
they had only begun to gain exposure to literaure in
their fields. Differercesin atlitudesand conceptions in
statistics amang students from different departmerts
should be further studied

Degite having overall positive attitudes studerts
still reported some negative attitudes toward statistics.
Same studerts might gereraly find statistics to be a
worthy areaof study and to be a subjectin which they
believe they canperform well. However, other studerts
might feel statistics is someting they would rather not
be taking at the presen time and not needin their own
careers The studerts in the latter group might feelthat
statisticsis a useful subjectfor othersbut not for them
specifically. Future resarch could invedigate why
studerts hold thes beliefs

The NCTM (2000) recommerded that K-12
students be ercouraged to make statistical ard
probahlity-based predctions and to compare those
predctions with actual outcomes Studerts will be
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challenged to confront misconcegions through
discreprcies in their predctions. Similarly, a more
Olards-onO approach to statistics such as that
recanmerded for K-12 students might be bereficial
for college studerts, more so thanjust using reatworld
problems from the textbook. One instructor in this
study used a survey approachto statisticsin which the
studerts surveyed other students on voting and political
issuesfor an upcoming elecion. After collecing data,
the studerts aralyzed the data and developed
conclusions. Perlaps this type of invedigative
approach to statistics could further improve attitudes
and eliminate misconceptions.

Studerts, both at the begnning and end of the
course, reported relatively positive attitudesabout their
own self-efficacy in statistics, but ways of improving
the view of the utility of statistics areneeded Student
views could be further improved by making
connecions to various careers that use statistics,
providing studerts with opportunities to see the
verstility of statistics. This appeared to be the area
where studerts had the poored attitudes

The type, quality, and quartity of realworld
applicaions that instructors use to gererae intereg,
improve attitudes and eliminate misconcegions
should be further studied Quedions on the nature of
these reatworld problemsshould be invedigated How
OrealworldO are thee problem® Do they come
straight from the textbook or are they constructed by
the instructors? How mary of the realworld
applicaions use actual data collecion and analysis?
Are the realworld problems auhertic or developed
specifically for the course? How much class time is
dedcated to realworld applicaions? Answering thes
quedions could contribute to improving college
studertsOstatistical educaion.
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The double-sized sociology class was one class consisting
of two sections intended to be twice the size of a regular
one-class section.

20On STACS, a2 indicates a neutral response, with higher
numbers representing positive attitudes or correct
conceptions.
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