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Introduction

The teaching of statistics has received increasitention over the last two
decades in mathematics education research. Rasesand educators have often
suggested improvements to statistics teaching rdstlespecially those that focus on
implementing the scientific method through authestatistical experiences (Bryce,
2005). When best-practice pedagogies have bedenmepted in statistics courses, the
results have been positive for achievement andviproved attitudes toward statistics.
Research suggests that apprentice learning, whettgdients complete real-world
mathematics in authentic settings, develops betteceptual understanding and better
knowledge transfer to non-mathematical and non-@cbettings (Boaler, 1998).
Findings also suggest that statistics courses b@s@aore constructivist models improve
student attitudes toward statistics and that pals@tevance is important for successful
learning in statistics (Mvududu, 2003). One cdsad\srevealed that students learned
more from a real-world project than from any otimstructional component of a statistics
course; the project also fostered an increaseigtest motivation (Yesilcay, 2000).

These findings in the literature prompted a cufunudevelopment effort
supported by a grant from the National Science Batian. The grant, titledAuthentic,
Career-Specific Discovery Learning Projectsin Introductory Statistics,” has funded
development of instructional materials, creatiomstruments to measure the

effectiveness of these materials, ongoing quamnt#tand qualitative research about the



success of these teaching methods, and instruatnimgy workshops to share materials
and findings. The instructional materials wereigiesd to facilitate student projects as a
learning tool. We will describe these projects #ralr use in the classroom, the materials
developed to support the projects, and the traiofrigstructors to use these materials to
facilitate the projects. We will then describe pilostructors’ experiences and
observations as they implemented the teaching rdethnd materials that were
developed. Finally, we will share preliminary fings regarding the impact of these
teaching methods on student comprehension anddssit
Research Timeline

Although data collection and analysis are ongoingst activities of the study are
complete at the time of this writing. A second & planned (pending funding) to
extend the teaching methods to a greater variesgtbings and to train instructors more

effectively. The timeline for the first phase bétstudy is shown in Table 1.

Summer 2007 » Development of instruments to measure student mgso

Fall 2007 — Spring 2008 » Exploratory study on effect of these teaching mésho

« Development of interdisciplinary constructs

» Development of web-based and printed teaching mager
» Validation and revision of instruments

» Selection of five pilot instructors

« Control group data collection from all pilot insttars

Summer 2008 » Training of pilot instructors

Fall 2008 — Spring 2009 » Four pilot instructors complete experimental sewiasing
methods and materials developed

e Treatment group data collection

Spring 2009 » Training workshops conducted for statistics indous
Fall 2009 » Experimental section for fifth pilot instructor
Ongoing « Data analysis and dissemination

Table 1. Research Timeline



Curriculum Development and Student Projects
The curriculum development effort was directedimgé goals:

1) Increase students’ knowledge and comprehensiotat$tscs

2) Increase students’ perceptions of the usefulnestatstics

3) Increase students’ self-beliefs about their abitityise statistics
The instructional materials that were developedsatse teacher in facilitating two
collaborative discovery projects for use with elataey statistics content taught in a
secondary or undergraduate class setting. Thepfiogect uses linear regression
techniques, and the second uses comparison te@sngth appropriate t-tests. Both
projects simulate the real-world effort of scietstitd hypothesize, collect and analyze
data, and draw conclusions. Students select theirresearch topic, craft their own
research questions, design surveys, collect theiraata, apply the appropriate statistical
methods to analyze the data, and report theirrigglin writing. Students also share their
research with their peers in formal class presemtsit
Interdisciplinary Research Constructs

As part of the curriculum development, an interghicary team of instructors

met to develop worthwhile research constructs tiedents. Team members wrote clear
definitions of research constructs and providetrimsents or instructions for measuring
the construct quantitatively. Students were alldbteeuse these constructs and
instruments if they chose; they were also alloveedréate their own. However, the
research constructs developed by the interdis@pfiteam gave students a springboard
of ideas from which to start, as well as a good$etxamples of how constructs may be

defined operationally, measured, and quantified.



Among the disciplines that were represented ornehm were psychology,
sociology, criminal justice, ecology, physical thgy, nursing, and education. In the
field of psychology, suggested research constinctaded perceived stress,
perfectionism, anxiety, attention deficit disordend obsessive compulsive disorder.
Accompanying each of these constructs was a lereksing instrument that could be
administered and scored easily for purposes oftgative research. In the field of
sociology, suggested constructs included attittoard various social issues (e.g.,
corporal punishment, homosexuality, racism), allvbfch could be quantified on a
Likert type scale. In the field of criminal justicsuggested research constructs included
attitudes toward various criminal justice issueg.(eggun control, death penalty,
legalization of marijuana, pornography), all of winj again could be measured on a
Likert scale. These examples are just a few ofésearch constructs that were
assembled by the interdisciplinary team. The cantt proved interesting and engaging

to students as they worked to select researchadpicheir own projects.

Materials Developed
Online student and instructor guides were develapddcilitate these projects.

These materials are currently available onlinetgt//radar.ngcsu.edu/~rsinn/nsf

The student guide includes three sections: 1) anadiproject guide, which
describes each project and the steps needed tdetentp2) a technology guide, which
directs students to use the features of MicrosefeEto implement the project; and 3) a
variables and constructs guide, which includesareseideas assembled by the
interdisciplinary team, as well as guidelines osating a viable research construct and a

corresponding data collection instrument (e.g.ed erafted, unbiased survey).



The instructor guide includes four components:rbjget overviews with
suggested timeline, project implementation detaitg] best practices; 2) links to
appropriate student materials that correspond ehfterent phases of the project; 3)
student assignment sheets; and 4) a variety ofiattah rubrics that can be used to score
the projects.

Teacher Training

Five pilot instructors (one secondary and fourexpd]) were selected to test and
refine the materials before they were more broddigeminated. These instructors were
given preliminary training through a series of nirggd, one-on-one work sessions, and
mentoring by the project researchers and authattseafnaterials.

After the pilot phase, a one-day workshop for stai$ instructors, entitled the
“Make It Real” Statistics Instruction Workshop, wassted to disseminate the materials
developed and to train teachers on effective uskasle materials. All participants were
high school teachers of Advanced Placement (AR)s8ts. Pilot instructors helped to
deliver the training. Sessions conducted duringitbekshop included:

| — Designing Quality Variables and Constructs

Il — Hands-on Survey Design Session

lll — Project Organization, Phases, AssessmenltRarbrics

IV — Best Practices and Avoiding Pitfalls (Pan&ddssion)

V —  Technology Tools and Hands-On Data Analysis

VI—- Team Presentations (Participants share theik product)

VIl — Instructor Observations from First Implematibns
Within 2 weeks of the workshop, a series of follag/training sessions were conducted

online to allow participants to discuss the matdugher, including details of their own



plans for implementation. Instructors who so deswere eligible to earn one PLU

(Professional Learning Unit) credit by participatim the workshop.

Instructor Experiences and Observations

As pilot instructors implemented these materiald #aching methods, they
leveraged their own experiences to assemble & geidelines to help other instructors
use such projects effectively. These guidelinesewgbared during the teacher training
workshops. Some highlights of these guidelinesesfdstructuring and scaffolding the
project, setting student expectations, and resglpotential issues with teams.
Structuring the Project

Projects are more successful when intermediatesgoalset and students are
required to submit defined deliverables along tlag wior instance, students completing
the regression project must first submit a liss@feral potential research ideas with
specific variables, from which they will eventuadiglect their final topic. After the topic
is selected and approved, students must create@ysor other data collection
instrument and submit this instrument to the irdbu The instructor often needs to help
students refine the survey to set the stage foor@ successful project. Once the survey
is sufficiently refined and approved, students bele data collection process, recording
their data and beginning data analysis under saupergision. Sometimes an instructor
will devote a day of class time for teams to engadgeands-on data analysis when the
instructor is nearby for guidance. Finally, thentearites a report describing the research
and the findings. This phase of the project istrsascessful if the students are given a
template or outline of what should be includedha teport. Some instructors also

provide work samples from previous semesters fatesits to use as examples. By



structuring the projects into these phases, insirs@nsure that students stay on course
and have a more successful experience overall.
Setting Student Expectations

Most instructors who have implemented these prsjecthe classroom will agree
on the need to set student expectations earlyde8ta often underestimate the effort and
organization required to make their project a sssceMany students also do not have a
clear idea of exactly what they will do to analyizeir data once the data have been
collected; this part of the project is often afbizy in their minds (which is precisely
why they need to do it for themselves.)

As one team of students elaborated on a post-png#ection:

“The main thing that we have learned is that diatigake
time. They cannot be conjured up by a few formurees few
minutes. The time and effort that is put into aBmesearch
project such as this is significant. On a largadescone can
quickly understand the kind of commitment of moaey time

that is required just to obtain reasonable data.”
Students will be much more successful if they kadwhe outset what to expect in terms
of their own commitment of time and effort.

It is also a good idea to set student expectatiegarding the findings of their
data analyses. Students often expect to find gttorrelations or highly significant
statistical results, and upon obtaining some obdlécome, they feel they must have done
something wrong. In fact, researchers often olbitamsignificant results; it is the
appropriate interpretation of those results thanjgortant. As another student noted:

“While our results did not meet our initial expdaas, this is
not an utter disappointment. Before this projsttistics



looked simple enough for anyone to sit down andodbnow
it is evident that it requires more creativity amdical thinking
than initially expected. Overall, it was an edilfyi

experience.”

If students are prepared for the possibility otiggtresults they might find
disappointing, they seem more likely to believe ghgect was worthwhile.
Resolving Team Issues

Some students dislike team projects. Many instrgctllowed students the
option to complete a modified version of at leas of the two projects by themselves.
Even among students who do not outwardly objetédm projects, poor team dynamics
can lead to a great deal of frustration. Somdisffrustration can be avoided by
establishing explicit guidelines for communicatemd cooperation among team
members. Some instructors also define each teamberés role and responsibilities to
hold individual team members accountable for thalfproduct.

Instruments

Three instruments were developed to measure thadngb these materials and
teaching methods. These were a content knowlexgea survey measuring the
student’s perceived usefulness of statistics, asuheey measuring the student’s self-
beliefs in their ability to use and understandistias.
Content Knowledge Test

The content knowledge test initially contained 21ltiple choice items designed
to measure student content knowledge in three :dieaar regression, t-test design and
usage, and statistical inference in the contextte$ts. These areas corresponded to the

strands of statistics directly addressed by theesttiprojects.



During instrument validation, three of the contéets were removed. This
modification strengthened the reliability of thestrument and reduced data collection
time for subsequent groups. The remaining iteraddd onto the three factors that were
intended for the content test (linear regressiktest usage, and t-test inference). For the
revised 18-item instrument, a reliability scorddd37 was obtained through KR-20 item
analysis for homogeneity. Given the three distgroups of questions in the instrument,
this score was deemed acceptable.

Perceived Usefulness Survey

The perceived usefulness survey was designed teureeatudents’ perceptions
of the usefulness of statistics, including the ekte which they expect to use statistics in
their subsequent lives and careers. The survetaicma 12 Likert-style items, each
scored on a 6-point scale with descriptions ran@iiogn “strongly disagree” to “strongly
agree”. Five of the items were reverse scoreankach’s alpha coefficient for this
instrument was 0.93, suggesting a high degreetefrial reliability. Because all items
related to the perceived usefulness of statistigeneral, no sub-scales were identified
for the survey.

Student Self-Beliefs Survey

The student self-beliefs survey was designed tesoreastudents’ beliefs about
their ability to use and understand statisticsnifar to the content knowledge test, this
instrument contained three sub-scales; these salbssaddressed self-beliefs with respect
to concepts in: a) general statistics, b) linegrassion, and c) the use of t-tests. The
survey contained 15 Likert-style items, each scored 6-point scale. Cronbach’s alpha

coefficient for this instrument was 0.95, suggestrhigh degree of internal reliability.



Preliminary Findings

This study was characterized by a relatively smgtlected effect size, combined
with a high degree of variability among studentsc&use these factors resulted in tests
with relatively low statistical power, the reseathfound a significance level of= .1
to be appropriate. Findings are described foirthial exploratory study and for data
collected during the pilot of the materials witle ghilot instructors mentioned above.
Exploratory Sudy

The initial exploratory study was conducted in emation with the development
of these materials, using the discovery projecetddsarning techniques promoted by
these materials. The exploratory study consistelDafections of elementary statistics at
the same college, of which 6 sections comprisesh&ral group (with traditional
instruction) and the other 4 sections comprisedx@erimental group (using the
discovery projects as learning tools). All secsiovere for the same course and were
taught using the same text. There is also no retasbalieve that the students registered
for these ten sections differed in any way that M@onfound the results. At the end of
the course, willing students in all sections cortgalehe 2 surveys and the content
knowledge test. From the control group, 164 sttelent of 192 (85%) participated in
the assessment; from the experimental group, 1#sts out of 128 (88%) participated.

The results from t-tests conducted in the exployadtudy are given in Table 2.

Instrument Control Treatment t 0 Cohen’s
Mean SD Mean SD effect sized

Content 8.8700 | 3. 2400 | 10.8200 | 3. 3650 | 4.825 | .0000 0.59

Knowledge

Perceived | ;095 | 1 0113 | 4.5154 | 0.8570 | 2.442 | .0076 0. 30

Usefulness

Self-Beliefs | 4. 6997 | 0.8755 | 4.8164 | 0.6411 | 1.259 | .1047 0.15

Table 2. Means, standard deviations, and t-testitsefrom exploratory study



The treatment group outperformed the control grauphe content knowledge
test; the difference between the two groups wasfsignt (p < .0001), suggesting that
students in classes using the discovery projeasalsironger grasp of the content at the
end of the course than did their counterpartsenctintrol group classes.

On the perceived usefulness survey, participantisarnreatment group scored
significantly higher than did participants in thentrol group (p < .01), suggesting that
students in classes using the discovery projectejped statistics to have more utility
than did students in the other classes.

Although the treatment group scored higher on aeethan the control group on
the statistics self-beliefs survey, the differebeéwveen the two groups was not
significant. A possible confounding factor is tsidents who have conducted statistics
projects for themselves gain a new respect foctimeplexities of statistics that may not
exist in classes where students do not conduceqisj
Pilot of Developed Materials

The pilot instructors first used the fully develdpmaterials in Fall 2008. To
account for learning curve effects, schedule diffiees, and discrepancies between
secondary and college teaching schedules, somdanstouctors completed their
treatment groups earlier than others, as showmeiitneline given previously in Table 1.
Therefore, results are only reported here for utsors who had completed their pilot
sections at the time of this writing.

In a quasi-experimental design, each pilot insbucbllected data from his/her
own sections of a traditionally taught course dgitime semester or academic year prior

to implementing the materials (control group). Tleach pilot instructor taught the



course using the materials for at least two seme&eperimental group). Pilot
instructors’ control and experimental results wewenpared using the data collected from
the three instruments as described. Of the filag pistructors, one is still conducting
pilot sections and collecting treatment group dd&asults are reported only for the
remaining four pilot instructors. However, theaatere analyzed not only by each
instrument, but also for each sub-scale of theardrknowledge and self-belief
instruments. This analysis helped to illuminakithpact of the projects.

Because data collection and analyses are onga@sglts are incomplete. At this
stage of data analysis, results have only been ieeanby individual instructor;
therefore, the samples are relatively small, retstig the power of the statistical
comparisons. When all data are collected, whad@gcomparisons are expected to
yield more significance. As the data illustratesulés also varied by instructor. Results
for each instrument and sub-scale by instructogaren in Table 3.

The overall mean content knowledge score incregeshch instructor, though
in most cases, the observed increases were tod tenti@ significant. Two instructors
also saw a slight decline in content knowledgetfi@st inference concepts (also
nonsignificant). However, one instructor achiegeghificant gains in content knowledge
for linear regression concepts, for concepts raigtid the usage of t-tests, and for overall
statistics content knowledge.

All four instructors saw a gain in overall studestf-confidence in statistics,
though the gain was significant for only one inston. Average student self-confidence
in general statistics concepts increased in theraxental group for all four instructors,

and the difference was significant for three ohthelTwo instructors also achieved



significant gains in student self-confidence foekr regression concepts. Although
student self-confidence in t-test concepts incr@dseall four instructors, none of the
gains were large enough to be significant. Thegyeed usefulness score was higher for
three instructors’ experimental groups than foirtbentrol groups, though the difference

was significant for only one of the pilot instrudo

Scal Instruct Control Treatment ¢
cale ASIUCtor N Mean SD N | Mean SD
Content A 41 7.17 | 2.365| 24 8.50 | 3.093| 1.817**
Knowledge — B 20 8.45| 2.762 | 28 8.54| 2.502| 0.110
Entire C 33 5.33| 1.708 | 44 5.93| 2.546 | 1.233
Instrument D 43 6. 86 2.178 | 76 7.05 3. 253 0. 385
Content A 41 2.12 | 1.029 | 24 2.58 | 1.472 | 1.354*
Knowledge — B 20 2.10 | 1.119| 28 2.29| 1.384 | 0.513
Linear C 33 1.24 | 1.032 | 44 1.50| 0.928 | 1.132
Regression D 43 2.42 | 1.180 | 76 2.45| 1.628 | 0.111
Content A 41 3.54 | 1.398 | 24 4.33| 1.949 | 1.756**
Knowledge — B 20 4.50 | 1.638 | 28 4.93 | 1.464 | 0.934
Design/Usage C 33 2.91| 1.284 | 44 3.05| 1.656 | O0.407
of t-Tests D 43 2.58 | 1.314 | 76 2.88| 1.657 | 1.087
Content A 41 1.51| 0.925| 24 1.58 | 1.018 | 0.281
Knowledge — B 20 1.85| 1.137 | 28 1.32 | 0.819 |-1.776
Inference on C 33 1.18 0.917 | 44 1.39 0.920 0. 967
t-Tests D 43 1. 86 0.915 | 76 1.72 0.974 | -0.765
Perceived A 41 50.59 (10.361 | 24| 54.88 | 9.014 | 1.751**
Usefulness — B 20 49.35| 9.016 | 28| 46.75|12.183 | -0.850
Entire C 32 51.41 | 9.339 | 44| 53.30|10.064 | 0.843
Instrument D 43 50.23110.963 | 76 | 50.92 | 11.722 0. 321
. A 32 62.97 | 15.073 | 24| 66.38 | 9.221 | 1.044
Sell-Bellefs - B 20| 55.95 | 20. 289 | 28 | 63.71 | 12.304 | 1.523*
Instrument C 33 63.21 | 9.512 | 44| 65.25| 9.022| 0.951
D 43 56.23 |12.569 | 76 | 59.39|14.398 | 1.250
Self-Beliefs — A 32 17.94 | 4.272 | 24| 19.33| 3.116 | 1.414*
General B 20 16.45| 6.057 | 28| 18.64 | 3.540 | 1.452*
Statistics C 33 17.39| 3.316 | 44| 18.95| 2.853 | 2.168**
Concepts D 43 16. 26 4,042 | 76| 16.80 4. 505 0. 680
. A 32 21.50 | 5.292 | 24| 22.71| 3.520| 1.024
Selr Bellefs - B 20| 18.75| 6.995 | 28 | 23.04 | 4.393 | 2.420%*
Regression C 33 22.30 | 3.917 | 44| 22.09| 3.771|-0.239
D 43 19. 35 4.825 | 76 | 21.66 5. 346 2.411**
. A 32 23.53 | 6.091 | 24| 24.33| 3.964 | 0.596
Seft Bellefs - B 20| 20.75| 7.684 | 28 | 22.04 | 6.009 | 0.624
Concepts C 33 23.52 | 3.598 | 44| 24.20| 3.638| 0.828
D 43 20.63 | 5.451 | 76 | 20.93 | 5.594 | 0.292

Table 3. Means, standard deviations, and t-teattsefor 4 pilot instructors
*p<.10, **p< .05



Summary

The method of using discovery projects to fostepae understanding of
statistics has shown promise. Students taughtthishmethod have shown better content
knowledge, greater self-confidence, and greatgecdor the usefulness of statistics
than have their counterparts in traditionally tausfhatistics courses.

As with most teaching techniques, the method ircvldiscovery projects are
implemented will have a direct impact on the susadghe projects. Instructors find it
helpful to structure the project with intermedigteals, to set student expectations early
and clearly, and to establish clear guidelinesvorking effectively as a team.

Revisions and enhancements are planned for theiatisinal materials developed
as part of this study. Instructor training workghavere well received by secondary
classroom teachers. A second phase of this réspasect is planned, in which online
teacher training modules will be developed andcetesthe discovery-based statistics
projects and the associated instructional matesiadsteaching methods should prove

increasingly beneficial as teachers gain trainimg @xperience with them.
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