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SUMMARY

Mastering statistical knowledge and cultivating statistical thinking is crucial for success
in a variety of disciplines. Learning statistics is challenging for many undergraduates who do not
major in statistics (Zieffler et al., 2008). Their commitment to learning statistics in their statistics
courses is an important factor for their future academic attainment. This project was focused on
exploring why undergraduates should learn statistics by identifying three types of responsibility—
responsibility to use conceptual statistical knowledge, responsibility to use procedural statistical
knowledge, and responsibility for perceiving the utility value of statistics. To better understand
these 3 components of students’ commitment to learning statistics in an introductory statistics
course, participants were randomly assigned to either a “full responsibility,” “knowledge
responsibility,” or “undefined responsibility” group. Participants in the full responsibility group
completed three responsibility primes — one focused on responsibility for using rudimentary
conceptual statistical knowledge, one focused on responsibility for using rudimentary procedural
statistical knowledge, and a third focused on responsibility for imagining the perceived utility
value of statistics. Participants in the knowledge responsibility group completed only the
knowledge primes that focused on responsibility for using rudimentary conceptual statistical
knowledge and procedural statistical knowledge. Participants in the undefined responsibility
group completed none of those responsibility primes. All participants reported their commitment

to learning statistics at the beginning, in the middle, and at the end of the semester.

Results showed at baseline participants from the 3 responsibility groups reported similar
commitment to learning statistics. Reportedly, participants in the full responsibility and the
knowledge responsibility group were more familiar with procedural statistical knowledge than

conceptual statistical knowledge. Participants in the full responsibility group rated their belief



SUMMARY (continued)

about the importance of conceptual/procedural statistical knowledge independently from their
scores in those knowledge tests but it was not the case for those in the knowledge responsibility
group. At the end of the semester, participants in the full responsibility group tended to report
stronger belief about persistence decisions and more likely attributed their statistics success to
their effort while their counterparts in the knowledge responsibility group tended to report
stronger belief about their statistical ability, both compared with participants in the undefined
responsibility group. Across the semester, all participants tended to report weaker persistence
decisions while they perceived stable statistical ability in learning introductory statistics, which
were consistent with previous study (Schau & Emmioglu, 2012). In addition, when reporting
their attribution beliefs across the semester, participants tended to report stronger beliefs about
success caused by their ability and weaker beliefs about success caused by their effort; they

tended to report stronger beliefs about their statistics failure caused by difficult task.

The findings from this research indicated the benefit of exploring undergraduates’
responsibility for learning statistics. Participants could distinguish their conceptual statistical
knowledge from their procedural statistical knowledge (Star, 2005) as well as relate the value of
statistics to their daily lives (Hulleman et al., 2010). Based on my study, almost all participants
completed their introductory statistics course even the course content was difficult for many of
them. The pattern of their attributional beliefs across the semester could function as adaptive
strategies for their retention in their statistics class (Weiner, 1979) by positively holding the
belief about their statistics success caused by their ability and effort as well as admitting the

difficulty of the course content when they face the challenges.

Xi



Confirm Responsibility for Knowledge and Value to Retain Undergraduates in

Introductory Statistics

CHAPTER 1
INTRODUCTION
Mastering statistical knowledge and cultivating statistical thinking is crucial for success

in a variety of disciplines, including natural sciences, engineering, business, and social sciences.
However, statistics courses are challenging for many undergraduates who do not major in
statistics (Zieffler et al., 2008). There are differences in the way students view their
responsibility for learning statistics which may impact their commitment in statistics courses.
Their commitment to and decision on staying in statistics courses are crucial for their future
academic attainment. To understand possible reasons for their commitment and retention
decisions, previous studies have traced reasons back either to students’ preparedness in their
basic knowledge or their motivational beliefs about the perceived value of statistics. Focusing on
both reasons, I invited undergraduates who were enrolled in introductory statistics courses to
report their responsibilities for learning statistics. Their commitment to learning statistics was
reported at the beginning, middle, and end of the semester.

Three types of responsibility were investigated: responsibility to use conceptual
statistical knowledge, responsibility to use procedural statistical knowledge, and responsibility
for imagining the utility value of statistics. Figure 1 represents my proposed theoretical
framework. Conceptual and procedural statistical knowledge are two crucial types of knowledge
(Anderson, 1982) in statistics. Undergraduates’ perceived responsibility to use those two types of
knowledge (two ovals in the upper-left corner) may predict the extent to which they will commit

to learning statistics. Findings in support of expectancy-value theory haves indicated that the



amount of value undergraduates put on statistics may impact their commitment to such learning
(Wigfield & Eccles, 2000). Individuals’ responsibility for imagining the importance (utility
value) of statistics (the oval in the lower-left corner) may predict their commitment to learning
statistics. Multiple components such as perceived persistence, attributions of success and failure
in statistics, and attitudes toward statistics have been investigated in isolation, but have not been
compared well enough to understand the qualities of individuals’ commitment to learning
statistics (not shown in Figure 1). Investigations into those components can help to better

understand the similarities and differences of students’ commitment to learning statistics.

Responsibility to use
conceptual
statistical
knowledge

Responsibility to use
procedural

statistical
knowledge

Commitment to
learning statistics

Responsibility for
imagining utility
value of stafisfics

Figure 1. Theoretical framework.

Statistics is viewed as an essential but difficult discipline for many undergraduates to
learn (Zieffler et al., 2008). Various academic programs require undergraduates to take at least
one introductory statistics course in fulfilling their degree requirements. Ideally, students should

be aware of their responsibility for learning statistics, which is often not the case. Lack of



responsibility may lead to unpreparedness and failure in course performance or minimum effort
to study course materials. Therefore, it is crucial for researchers and educators to better
understand students’ sense of their responsibility for learning statistics. By perceiving a greater
responsibility, statistics learners may feel more committed to learning the subject matter, and that
will lead to better performance and mastery of statistical literacy.

The statistical needs of scientific research, industry, and governance are rapidly growing
in the 21% century (Brown & Kass, 2009). Students across different disciplines in post-secondary
education are required to master statistics literacy (delMas, R., Garfield, J., Ooms, A., & Chance,
2007). Their success in introductory statistics courses at the undergraduate level predict their
future academic achievement as well as their intentions to pursue advanced degrees in majors
such as natural science, psychology, sociology, education, and economics among others (e.g.,
Freng, Webber, Blatter, Wing, & Scott, 2011).

Statistics education, especially the introductory statistics course in post-secondary
institutions nurtures students’ scientific thinking and quantitative reasoning as well as scientific
investigation skills (Carver et al., 2016). According to Cobb (1992), learners of statistics should
be able to understand the data patterns in how the world operates by aggregating data and
exploring the variability. Statistics learners (especially those enrolled in non-statistics majors)
should be able to develop some statistical investigation knowledge/skills, which would
contribute to their own discipline in terms of conducting research or enhancing practice (Horton,
2015). Ultimately, undergraduate students who are equipped with statistical expertise can apply
statistical knowledge, understand scientific research design, interpret data analysis results, and

make predictions and decisions based on collected data and information (Cobb & Moore, 1997,



Wild & Pfannkuch, 1999). Unfortunately, the study of statistics seems to challenge a lot of
statistics learners.

On one hand, statistics learners are required to grasp many statistical concepts and
principles which are abstract (Garfield & Ahlgren, 1988; Sotos, Vanhoof, Van den Noortgate, &
Onghena, 2007). The nature of such abstraction makes it difficult for many learners to
understand basic statistical concepts and principles (delMas, 2004). In addition, researchers have
acknowledged that a sizeable portion of statistics learners hold systematic patterns of errors or
misconceptions on basic statistics concepts such as probability (Cohen, Smith, Chechile, Burns,
& Tsai, 1996). More complex statistical concepts may require a process of repeated learning to
fully understand them (Garfield & Ben-Zvi, 2008). Without the formal training and practice in
statistics, many students may resist changing any of those misconceptions and fail to grasp the
correct statistical conceptual knowledge.

On the other hand, to successfully conduct statistical analysis, statistics learners need to
master statistical knowledge about investigative procedures in solving statistics-related problems.
The procedural knowledge is mainly focused on problem-solving procedures and related
strategies (Anderson, 1982; Wild & Pfannkuch, 1999). In introductory statistics courses, for
instance, learners are supposed to be confident in operating statistical symbols, evaluating
equations, and solving statistics problems (Schutz, Drogosz, White, & Distefano, 1998), which
can be another challenge for them. Since those tasks involve using procedural knowledge, the
acquisition of relevant statistical concepts or principles alone may not guarantee the success of
conducting a successful solution for the given problem.

One optimal goal for statistics learners to achieve in their introductory statistics courses is

to develop their statistical problem-solving ability (Carver et al., 2016). This is especially the



case for non-statistics majors who are going to use statistical knowledge in their own disciplines.
The underlying cognitive processes used by successful problem solvers were categorized into
two basic phases: conceptual representation of the given problem and applying procedures to
produce solutions or “products” (Anderson, 1982). Accordingly, successful statistics problem-
solvers should be able to use both conceptual and procedural statistical knowledge appropriately
and collaboratively. Conceptual knowledge enables statistics learners to conceptually represent
the problem status in their head and to match it with their knowledge schemata. Procedural
knowledge enables those learners to use/apply the relevant statistics procedures, to develop
possible solutions, and to carry out correct procedures to achieve a successful solution.

When undergraduates enter their introductory statistics courses, many may not have the
basic conceptual and procedural statistical knowledge that instructors assume they should have.
For instance, some students may have basic conceptual statistical knowledge but are
underprepared for procedural statistical knowledge, or vice visa. Learners’ rudimentary
knowledge has significantly predicted their future achievement in specific disciplines (Dochy,
De Rijdt, & Dyck, 2002; Schwartz, Sears, & Chang, 2007). Both conceptual and procedural
statistical knowledge are crucial for understanding the content of introductory statistics courses
and succeeding in problem-solving with accurate procedures.

More importantly, undergraduates should be aware of their responsibility for using both
types of statistical knowledge: conceptual statistical knowledge and procedural statistical
knowledge (de Jong & Ferguson-Hessler, 1996). In Chapter 2, by reviewing the relevant
literature I argue that knowledge tests that focus on both conceptual statistical knowledge and
procedural statistical knowledge offer a better indication of undergraduates’ statistical

knowledge than tests focusing on one or the other type of knowledge. I also argue that it is



beneficial to ask individuals to reflect on their responsibility to use conceptual statistical
knowledge and procedural statistical knowledge.

Still, statistics learners may behave differently in learning statistics because of the
potential variability in their motivation to learn statistics. Beliefs about the reasons why they
should learn statistics and their expectations for success can play a crucial role. Expectancy-
value theory explains that both students’ expectation for success in statistics and the value they
attach to the course/learning are two important determinants of their motivation to learn statistics
(Wigfield & Eccles, 2000). Students’ expectancy belief about how well they will perform was
one of the strongest predictors of their academic achievement verified immediately or in
longitudinal research (Eccles et al., 1983; Wigfield & Eccles, 2000). In the domain of statistics, a
meta-analysis study showed a medium effect size regarding the relationship between college
students’ statistics expectancy and their statistics achievement (Emmioglu & Capa-Aydin, 2012).
Achievement-value is one part of this expectancy-value model and is usually defined as a multi-
dimensional construct that consists of attainment value, interest value, and utility value (Wigfield
& Eccles, 1992). Expectancy and value have been positively correlated in early research (Eccles
& Wigfield, 1995). Therefore, I expected to find similar relations in this study.

Lack of achievement motivation may lead individuals to demonstrate a lack of interest in
studying statistics and failure to complete their statistics courses. Motivation interventions under
the expectancy-value framework have manipulated the value component, and previous studies
found a value intervention increased participants’ task value and interest and predicted choices of
which activities to do (Acee & Weinstein, 2010; Hulleman, Godes, Hendricks, & Harackiewicz,
2010; Wigfield, Tonks, & Klauda, 2016). By emphasizing the relevance of a learning domain

such as psychology to individuals’ daily lives, findings from the utility value intervention



approach have demonstrated a higher sense of responsibility and an increase in students’
perceptions of the utility value of the skills they are learning (Hulleman et al., 2010). In Chapter
2, I elaborated on how I applied a utility value prime to investigate statistics learners’ perception
on the relevance of statistics to their daily lives, and how that perceived responsibility influenced

students’ commitment to learning statistics.

Significance of the Study

Mastering statistics is crucial for undergraduates across different academic programs to
succeed in their programs and their careers. Still, statistics courses are challenging for many non-
statistics majors. Retaining those students in introductory statistics courses is a crucial step for

encouraging them to meet their academic goals.

Focusing on only students’ knowledge acquisition and performance on statistics course
exams is not enough to explain the possible reasons for their retention. Instead, it is helpful to
investigate individuals’ responsibility in their statistics courses. Undergraduates are “emerging
adults” who are supposed to take responsibility in many aspects of their lives including learning.
The fact that many undergraduates feel they are not ready for independence and taking

responsibility calls attention to the need for further investigation.

In the context of statistics, previous studies have focused on knowledge preparation or
motivation intervention to help students achieve excellence (Emmioglu & Capa-Aydin, 2012;
Schwartz et al., 2007). More detailed studies on how undergraduates take responsibility for using
statistics knowledge and for imagining a motivational component in statistics learning can help
instructors retain students even when the content becomes difficult. My study will add new

knowledge about undergraduates’ responsibility to use statistical knowledge and to imagine the



value of statistics, and how their perceived responsibility may impact their commitment to

learning statistics.

Undergraduates’ motivation to learn statistics has sometimes declined across the semester
(Schau & Emmioglu, 2012). To better understand whether individuals’ commitment changes
across the semester, I also track individual commitment to learning statistics at the beginning, in
the middle, and at the end of the semester. Information from my study can explore whether
undergraduates’ commitment declines well enough to inform statistics teachers and educators

about why they should talk explicitly to their students about learners’ responsibilities.



CHAPTER 2

LITERATURE REVIEW

Undergraduate students who have enrolled in their introductory statistics course face
multiple challenges in mastering statistical knowledge and skills, given that subject matter in
statistics is perceived to be difficult for many undergraduates (Zieffler et al., 2008). It is crucial
to explore the reasons why undergraduates remain in introductory statistics courses rather than
dropping out. One aspect focuses on individual students’ responsibility to use conceptual and
procedural statistical knowledge. Applying the knowledge compilation model (Anderson, 1982),
I argue that undergraduates should be able to understand the responsibility to use both conceptual
and procedural statistical knowledge, after they have completed one conceptual statistical
knowledge prime and one procedural statistical knowledge prime. Another aspect focuses on
their responsibility for imagining the utility value of statistics. Adapting the expectancy-value
model and the utility value intervention (Hulleman et al., 2010; Wigfield & Eccles, 2000), I
argue that undergraduates should be able to understand the responsibility for their perceived
utility value of statistics by completing an essay about the relevance of statistics to their daily
lives. Finally, I argue that the responsibility to use conceptual statistical knowledge & procedural
statistical knowledge and to perceive the utility value of statistics will be associated with
individuals’ commitment to learning statistics. And by tracking individuals’ commitment to
learning statistics across the semester, [ want to confirm if different components of individuals’

commitment change over time.

In general, new knowledge is built on existed knowledge. Mastering basic knowledge in
a specific field will influence the acquisition of advanced knowledge. Statistical knowledge has

different types or levels of quality. Review of the current literature shows that previous studies



have predominantly focused on an approach for promoting conceptual statistical knowledge and
understanding (e.g., Garfield, 2002; Schau & Mattern, 1997; Tempelaar, Gijselaers, & van der
Loett, 2006). However, the importance of procedural statistical knowledge is somewhat
underestimated (Rittle-Johnson & Koedinger, 2005; Star, 2005, 2007). Applying the knowledge
compilation model (Anderson, 1982), I elaborate the essences of both conceptual and procedural
statistical knowledge. More importantly, it is a crucial step to investigate whether students can
realize that they need to be responsible for using both conceptual statistical knowledge and
procedural statistical knowledge. In my study, undergraduates were invited to complete one
conceptual statistical knowledge prime and one procedural statistical knowledge prime. In each
of those primes, they completed a specific knowledge test designed for conceptual statistical
knowledge or procedural statistical knowledge. They then self-rated their responsibility to use

those two types of statistical knowledge in their introductory statistics course.

The expectancy-value model emphasizes that individuals’ expectancy and value beliefs
are two important motivational constructs, which may influence academic behavior,
performance, or intention (Wigfield & Eccles, 2000). Previous motivation interventions with an
emphasis on perceived utility value revealed a valid and less-threatening way to enhance
students’ academic motivation (e.g., Hulleman & Barron, 2016; Yeager & Walton, 2011).
Results showed individuals in the intervention group reported higher interest than their
counterparts in the comparison group (Hulleman & Harackiewicz, 2009; Hulleman et al., 2010).
I argued that this approach is appropriate for exploring individuals’ imagined relevance of

statistics to their daily lives in undergraduates’ introductory statistics course.

From the literature review, I concluded that cognition and motivation should function

together in terms of raising individuals’ responsibility for learning statistics. Asking students to

10



confirm their responsibility to use statistical knowledge and for imagining the utility value of
statistics may enhance their commitment to learning statistics. Findings from my research can
add new knowledge to the literature about what responsibility tasks can prompt students to focus
on their commitment to learning statistics. It is beneficial to remind undergraduates about the
value of learning statistics by focusing on responsibility to use conceptual and procedural
statistical knowledge and to internalize the importance (utility value) of statistics by relating it to

their daily lives.

I also reviewed possible components of undergraduates’ commitment to learning
statistics. Constructs such as persistence decisions, attributions of success and failure in statistics,
and attitude toward statistics were selected and explained. By demonstrating different
components of individual’s commitment across the semester, [ argue the results of changes in
their commitment is related to the possible reasons for explaining undergraduate retention in

introductory statistics course.

Rudimentary Knowledge: Definition and Assessment

To investigate responsibility to use statistical knowledge, I start with the review of
rudimentary knowledge in statistics. Rudimentary knowledge (or prior knowledge, background
knowledge) is a term within the framework of cognitive psychology and learning sciences. One
theoretical assumption is that our new knowledge acquisition is often based on existing
knowledge. Rudimentary knowledge is a powerful definition that many researchers in different
fields have adopted (Dochy, De Rijdt, & Dyck, 2002). Broadly, an individual’s rudimentary
knowledge can be defined as “the whole of a person’s knowledge” (Dochy et al., 2002, p.267).

Rudimentary knowledge reflects an individual learner’s existing knowledge structure.

11



Nonetheless, it is a general term and can be broken down into a set of sub concepts. I highlighted

several dimensions that might help in understanding rudimentary knowledge in the literature.

One dimension of rudimentary knowledge distinguishes semantic knowledge from
episodic knowledge (Bransford, 1979). Episodic knowledge refers to an individual's experience
that is situated in a spatio-temporal manner. This type of knowledge often covers the information
and memories that one experiences in the informal, daily life. Semantic knowledge, by contrast,

frequently refers to the information and memories in the formal educational settings.

Another dimension of rudimentary knowledge focuses on domain-specific and domain-
transcending knowledge. Domain-specific knowledge is one’s knowledge of a specific domain or
subject. For instance, one’s knowledge system may consist of mathematics, history, and other
domains. In addition, an individual may have a rich knowledge system in mathematics but a poor
knowledge system in the history domain. Domain-transcending knowledge is one’s knowledge
that can apply across different subjects or domains. An individual’s domain-transcending
knowledge partially explains why learners could solve novel problems which are not familiar to

them.

Both domain-specific and domain-transcending knowledge are crucial in problem-solving
and task performance across different disciplines (Chi, Glaser, & Rees, 1982; Chase & Simon,
1973; Voss, Greene, Post, & Penner, 1983). Domain-specific knowledge is crucial to distinguish
between domain experts and novices (Chi, Feltovich, & Glaser, 1981). A domain expert’s
knowledge organization to represent the domain-specific problems is much more complex and
better organized than a novice learner’s knowledge organization. When problem-solvers

encounter novel problems, domain experts can use their prior domain-specific knowledge

12



(expertise) more precisely and effectively to generate a mental representation of the problem and

search strategically for the possible solutions compared to their novice counterparts.

Research on domain-transcending knowledge has focused on strategic knowledge in
problem-solving settings and revealed that strategic knowledge is necessary for seeking
solutions. The “weak method” strategy, or the so-called heuristic strategy is characterized as
domain-transcending (Anderson, 1985). Particularly, problem-solvers tend to refer to the general
methods when they face novel questions that are not domain-specific (Glaser, 1983). This type of
strategic knowledge can be applied in the settings where it does not require much domain-

specific knowledge.

Still another dimension of rudimentary knowledge has focused on the #ypes of knowledge
that can function differently in specific types of tasks (Glaser, 1983). Researchers have
emphasized two types of knowledge, conceptual knowledge and procedural knowledge
(Anderson, 1982; Hiebert & Lefevre, 1986; Star, 2005). Many research discussions have
occurred in the field of mathematics. Conceptual knowledge is defined as an individual’s
knowledge about facts, principles, or rules (Hiebert & Lefevre, 1986). Sometimes, it can be
briefly referred to the knowledge about “knowing that” (Byrnes & Wasik, 1991). In addition,
some other researchers have proposed that conceptual knowledge should also represent the
interrelations of pieces of information or propositional networks in a specific domain (Rittle-
Johnson & Alibali, 1999). Procedural knowledge is defined as an individual’s knowledge about
sequenced actions (Rittle-Johnson & Alibali, 1999). Sometimes, it can be briefly referred to the
knowledge about “knowing how” (Byrnes & Wasik, 1991). Broadly, individual’s procedural
knowledge may include knowledge of symbols, algorithms, procedures, step-like skills, and/or

productions.
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Different types of knowledge may apply for various tasks in a specific knowledge
domain (De Corte & Vershaftfel, 1987). In statistics, the type of task on conceptual knowledge
may require the recognition and application of information that learners have acquired. In
contrast, the type of task on procedural knowledge may require the production of information
about learners' internalized actions. In addition, these two types of knowledge may be
complementary to assist statistics students with their problem-solving process (Rittle-Johnson et

al., 2015).

Some undergraduates may acquire procedural statistical knowledge but less likely master
conceptual statistical knowledge, or vice versa. In the next section, the knowledge compilation
model indicates that both types of statistical knowledge are crucial, and therefore it is import