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One of the hallmarks of adolescent and adult development of expert performance is its self regulation. This
paper reviews different approaches to assessing the use of self-regulated learning (SRL) strategies in high-
school and college students and their ability to predict academic performance. The current study assesses
the use of SRL strategies with interviews and diaries and their relation to grade point average (GPA) in
sixty upper-level college students majoring in science. Their diaries revealed that students with high, aver-
age, and low GPAs (assessed before the start of the semester) differed in overall use of SRL strategies and

ls(g/f‘-ﬁ;ﬁ'ated learning in the use of particular strategies during specific weeks. Methods of assessing and understanding differences
Expertise in adult self-regulation and subsequent academic performance are evaluated and discussed.
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The expert performance approach attempts to explain how indi-
viduals attain superior performance for representative tasks in the as-
sociated domain of expertise. Research on a wide range of domains of
expertise including music, sports, and games (Ericsson, Charness,
Feltovich, & Hoffman, 2006; for a review, see Ericsson, 2006a) has
shown how individuals start their training in early childhood and
continue with increased levels of practice during adolescence and
early adulthood. In particular, expert performers have been found to
differ in their accumulated amount of deliberate practice: goal-
directed activities designed to improve specific aspects of perfor-
mance through self-evaluation and gradual refinement of perfor-
mance with feedback (from teachers or coaches and, eventually,
through self-assessment) (Ericsson, 2006b; Ericsson, Krampe, &
Tesch-Romer, 1993). One of the most salient changes of the structure
of the learning activities during this extended training is the in-
creased role of learner, who eventually takes over the responsibility
for monitoring performance and self regulating learning from their
parents and teachers as they reach adulthood (Ericsson, 1996;
Glaser, 1996). Several contemporary researchers (Alexander, 2004;
Zimmerman, 2001, 2006, 2008; see also Willingham, 2004) have
drawn connections between the attainment of academic goals in
school settings and the pursuit of expertise in more traditional do-
mains, such as sports and music.

Our general premise is that advanced college students taking
upper-division courses in their science major satisfy the characteris-
tics of adult learners (Merriam, Caffarella, & Baumgartner, 2007).
They have reached physical maturity and are legally adults. They are
motivated to learn as they are electing courses that are known to be
challenging. Finally, they are acquiring more specialized knowledge
that build on previously attained fundamentals in order to advance
to the next stage of knowledge or expertise. We believe that the
study of self-regulated learning in challenging upper-division college
courses in science will provide new insights into the factors that con-
tribute to variability in the acquisition of expertise in academic
domains.

Despite the vast amount of research on the acquisition of superior per-
formance in traditional domains of expertise, there have been few inves-
tigations to date using an expert performance approach to examine
factors contributing to individual differences in school performance, as
measured by grade point average (GPA) (e.g. Plant, Ericsson, Hill, &
Asberg, 2005). There have, however, been several investigations from a
very influential and related approach — the self-regulated learning
(SRL) approach. Investigations from the SRL approach have proliferated
over the last two decades (Karoly, Boekarts, & Maes, 2005; Pressley,
1995; Winne, 1995). The SRL approach evolved from social cognitive the-
ory (Bandura, 1969, for a review, see Zimmerman, 1990), which rejected

learning as a passive storage of experience and proposed the importance
of self-regulated strategies to learn desired behaviors. Zimmerman de-
fines SRL as “self-generated thoughts, feelings and actions which are sys-
tematically oriented towards the attainment of academic goals” (Schunk
& Zimmerman, 1994, p. 9). In a more recent review, Zimmerman stated
that SRL is “the degree to which students are metacognitively, motiva-
tionally, and behaviorally active participants in their own learning pro-
cess” (Zimmerman, 2008, p. 167).

These definitions share characteristics with the notion of deliber-
ate practice activities in other domains. Initially, deliberate practice
activities are designed by a coach or teacher, but eventually, motivat-
ed individuals design their own practice activities based on self-
assessed weaknesses and effective methods for improving them (for
a review, see Ericsson, 2006b). Similarly, study activities are initially
assigned and monitored by a parent or teacher, but eventually stu-
dents begin to study independently to attain self-monitored academic
goals (Zimmerman, 2008). Initiation and completion of deliberate
practice activities also require voluntary effort. Thus, most deliberate
practice activities can be viewed as self-generated activities aimed to-
ward the attainment of performance goals. Furthermore, several
studies have shown that deliberate practice activities have metacog-
nitive and motivational components, in addition to the behavioral
component of engaging in practice (for a review, see Ericsson,
2006b). Metacognitive awareness is a key component in deliberate
practice, as aspiring experts must self-assess accurately in order to
set appropriate goals and design optimal subsequent deliberate prac-
tice activities (Ericsson et al., 1993). Furthermore, unlike mindless
repetition or playful activities, engaging in deliberate practice also re-
quires motivation as these activities (much like many challenging
studying activities) are not as inherently enjoyable as alternative so-
cial activities (Deakin & Cobley, 2003; Ericsson, 2006b).

The current paper examines self-regulated learning in adults from
the perspective of the expert performance approach (Ericsson &
Smith, 1991; Ericsson & Ward, 2007). We discuss the measurement
of self-regulated learning to examine individual differences among
motivated adult learners using both traditional methods and those
adopted by the expert performance approach. We also compare
methods of measuring the development of self-regulated learning,
and we relate this to subsequent academic performance. Finally, we
discuss the development of self-regulated learning in successful
adult learners and how this relates to deliberate practice and the ac-
quisition of expert performance.

First, an outline of an expert performance approach to the study of
superior school performance at the college level is presented. Next,
we review and discuss contributions from the SRL approach along
with some issues raised from the perspective of the expert
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performance approach. Finally, the current investigation is outlined
and presented, and implications for future investigations are
discussed.

1. Superior school performance at the college level: an expert
performance approach

The expert performance approach to the study of high ability and
exceptional performance focuses on measurable, reproducible superi-
or performance (for a reviews, see Ericsson, 2006a, 2006b; Ericsson,
Roring, & Nandagopal, 2007). In contrast to many influential ap-
proaches to the study of learning and skill acquisition in the laborato-
ry (Prins, Veenman, & Elshout, 2006), the expert performance
approach searches for robust evidence of performance differences in
everyday and professional life. Specifically, this approach searches
for reproducible superior performance identified under relatively
controlled conditions meant to represent everyday life and profes-
sional scenarios, such as competitive athletic performance, medical
diagnosis, chess tournaments, and standardized tests. This superior
performance is then typically, but not always, captured and repro-
duced with representative tasks in the laboratory to allow experi-
mental identification and process tracing of the underlying
mechanisms. Finally, this approach also seeks to identify goal-
directed training activities, where past or current engagement is cor-
related with the observed superiority of performance.

Techniques for examining past and concurrent training activities
include structured interviews, diaries, and think-aloud protocols
(for reviews, see Chi, 2006; Deakin, Coté, & Harvey, 2006; Ericsson,
2006a; Sosniak, 2006). Using such methods, several investigations
have found that it is not the total duration of any type of engagement
in domain-related activities that influences improvement in perfor-
mance, but the duration of engagement in deliberate practice activities
(for a review, see Ericsson, 2006a). In many of the studied domains,
such as chess, music, and individual sports, the practice activities
that are associated with increased performance are not social, such
as playful or competitive interactions, but solitary. In fact, future
elite performers seek out quiet interruption-free environments with
access to necessary training resources. Similarly, with respect to
school performance in college, Plant et al. (2005) showed that the
total amount of time that college students reported studying was es-
sentially unrelated to grades, but once controlling for previous aca-
demic achievement variables, such as high school GPA and SAT
(formerly the Scholastic Assessment Test) scores, the duration of
studying under quiet conditions was correlated with college GPA.
However, although seeking out a solitary environment for analyzing
chess games, for practicing with a musical instrument, or for studying
for a test is a precondition for deliberate practice, spending time in
that environment does not assure full-time engagement in deliberate
practice. Based on the high correlation between reported duration in
this type of solitary activity and objectively measured performance in
many other domains (Ericsson, 2006b) we hypothesize that there are
similar activities with a higher probability of engaging in deliberate
practice, where the frequency and duration are correlated to higher
than average school performance. Plant et al. (2005) found such a
correlation between duration of study activities with certain charac-
teristics (i.e. in a solitary environment) but it cannot be said that the
study examined specific deliberate practice activities.

A search for study activities with more specific attributes that cor-
relate with superior school performance would be of particular im-
portance to potential educational interventions and training
techniques. The analysis of student learning in studies adopting the
SRL approach has identified more specific SRL strategies that students
engage in, which are promising as correlates of superior school per-
formance. To date, most of the empirical studies of SRL strategy use

have relied on questionnaires administered only on a single occasion
(for reviews, see Muis, Winne, & Jamieson-Noel, 2007; Zimmerman,
2008). In some notable exceptions, researchers have collected inter-
views (Kitsantas, 2002; Ley & Young, 1998; Sundre & Kitsantas,
2004; Zimmerman & Martinez-Pons, 1986, 1988, 1990). Next, we dis-
cuss these interview studies, which attempted to assess study strate-
gies during the course of a semester or school year.

2. Contributions from the self regulated learning approach

In their pioneering study, Zimmerman and Martinez-Pons (1986)
developed a theory-based interview, the self regulated learning inter-
view schedule (SRLIS, see Appendix A), to assess variability in SRL
strategies for two groups of adolescent learners (high school stu-
dents). The high-achieving group was approximately 2 standard devi-
ations better in English and Mathematics achievement compared to
the other group. Zimmerman and Martinez-Pons (1986) interviewed
the students about what methods they “used to participate in class, to
study, and to complete their assignments” (p. 617) for six hypotheti-
cal learning contexts. They identified 14 SRL strategies, which they
defined as “actions directed at acquiring information or skill that in-
volve agency, purpose (goals), and instrumentality self-perceptions
by a learner” (p. 615) (for definitions and examples of the 14 strate-
gies see Appendix B). They found that the two groups of students dif-
fered significantly in the presence of specific strategies (whether or
not students reported using a type of strategy — henceforth referred
to as ‘strategy presence’), frequency of reporting strategies (the num-
ber of times a strategy was mentioned across contexts — henceforth
referred to as ‘strategy frequency’) and strategy consistency (students'
estimates of how often each strategy is used, on average).

There are a small number of studies that have extended Zimmerman
and Martinez-Pons (1986) results by using the SRLIS to study SRL strat-
egies among adult learners, namely regular college students. Kitsantas
and Sundre (Kitsantas, 2002; Sundre & Kitsantas, 2004) examined
studying behavior among adult learners (college students), assessing
only strategy presence (i.e. the authors did not examine strategy fre-
quency or consistency). In both studies, Kitsantas and Sundre
(Kitsantas, 2002; Sundre & Kitsantas, 2004) found that high-achieving
students used more SRL strategies overall than low-achieving students,
similar to the results obtained by Zimmerman and Martinez-Pons
(1986, 1990) for adolescent learners. Kitsantas (2002) modified the
SRLIS by asking students to recall their studying behaviors before, dur-
ing, and after the midterm for a specific course (psychology of person-
ality) during a single interview session. She found significant
differences in the reported SRL strategies for students performing in
the top quartile on a midterm compared to those performing in the low-
est quartile. Most interestingly, Kitsantas (2002) also found significant
differences when college students were asked about which strategies
they would use as a function of different time points during the semes-
ter. For example, more high-achieving students reported engaging in
“seeking information” and “organizing and transforming” before the
midterm, and “keeping records and monitoring” after the midterm.
Moreover, Kitsantas (2002) found that total number of SRL strategies
reported across contexts accounted for a significant proportion of the
variance in midterm performance (adjusted R? =.201).!

2.1. Towards the identification of activities contributing to current
academic performance

From a theoretical perspective it is important to systematically
compare different methods for assessing SRL strategies in adult

T In the second study published by Kitsantas and colleagues (Sundre & Kitsantas,
2004), the authors did not analyze specific strategy usage and instead summed strate-
gy use across contexts for a measure of self-regulated learning strategy usage.
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learners, such as college students. In a review Boekaerts and Corno
(2005) argued that pioneering research on SRL strategies was based
on the assumption that these strategies reflected “a relatively stable
individual inclination to respond to a range of learning situations in
a typical way” (p. 207), or aptitude (Zimmerman, 2008). According
to this traditional view, students' self-regulatory learning ability
could be abstracted across situations and assessed by their verbal re-
ports elicited by questionnaires and structured interviews. However,
Boekaerts and Corno (2005) argue that some subsequent research,
based on smaller descriptive studies of adolescent learners (high-
school students), has documented evidence for a more complex
and situated elicitation of SRL strategies which depends on the partic-
ular event (i.e. the course, teachers' expectations, and motivational
factors see also Zimmerman, 2008). In the case of college courses,
we would need to consider that especially superior students' strate-
gies are likely to change across the semester in response to upcoming
midterms and finals (Kitsantas, 2002; Vanderstoep, Pintrich, &
Fagerlin, 1996).

In the current study we compared the assessment of SRL strategies
for the same group of adult learners with different methods in order to
evaluate the ability of data from these methods to account for differ-
ences in academic performance and to address issues of the generality
and stability of SRL strategies. At one end of the generalizability contin-
uum, SRL strategies are compared to aptitudes — i.e., relatively stable in
their use across contexts. Toward the other extreme, the frequencies
and durations of SRL strategy use are flexible and depend on the type
of encountered event. Our study explored different methods - a struc-
tured interview and a diary procedure - to assess SRL strategies for the
same students in the same semester. Under the assumption that SRL
strategies can be compared to general aptitudes, the SRLIS would be a
very time effective method to identify variability in strategy use be-
tween college students with different GPAs. To test the idea that SRL
could be best described as an event rather than an aptitude, we also
compared the interviews with diary measures. Although there have
been a few diary studies examining SRL strategies, they have been
aimed at measuring the effects of SRL training interventions in children
and adolescents (middle-school students) (Stoeger & Ziegler, 2008)
and college students (Schmitz & Wiese, 2006) rather than examining
typical studying strategies used by upper-level college students (for a
review, see Zimmerman, 2008). While the aforementioned studies
requested that students write about specific SRL-related activities in
their diaries, the current study requests that students keep a concur-
rent diary of all their activities during the time awake. Once the diaries
have been collected by researchers each entry is analyzed and coded
for evidence of SRL strategies. Additionally, by collecting diaries for
three different weeks - before, during and after the midterm - we in-
corporated Kitsantas' and Sundre's (Kitsantas, 2002; Sundre &
Kitsantas, 2004) approach of examining the effects of learning contexts
on strategy use.

In the current study, we examined undergraduate bioscience majors
enrolled in challenging courses typically taken by students interested in
pursuing a career in the sciences. From an expert performance approach
and according to recent SRL proponents (Alexander, 2004; Zimmerman,
2001, 2006, 2008; see also Willingham, 2004), these students have
made active decisions to embark on the road to acquiring expertise in
the biological sciences. We also apply the theoretical framework of
the SRL approach to encode different specific study strategies and extend
the results obtained by Plant et al. (2005). Specifically, the current study
analyzed diaries to estimate strategy presence, frequency and the
duration (in hours) for each of three diary weeks. Thus, the current
study is an integration of the expert performance and SRL approach.
Specifically, we hypothesize that engagement in these strategies will
be closely related to previous conceptions of SRL and deliberate practice:
goal-directed, motivated, and metacognitively informed activities
designed to improve specific aspects of performance. Further, we use con-
current measures, such as those described in recent reviews (e.g.

Zimmerman, 2008), which are the methodological techniques successful-
ly used to measure deliberate practice activities to examine SRL strategies.

In sum, the current study goes beyond previous studies conducted
by expert performance and self-regulated learning approaches by:
(1) comparing methods of measuring self-regulated learning activi-
ties in adult learners; (2) examining the development of self-
regulated learning in adult learners; (3) comparing trait versus state
conceptions of self-regulated learning, and (4) discussing the profile
of successful self-regulated learners and how this relates to acquisi-
tion of expert performance.

2.2. Outline of the current study

The focus of the current study is on the reproducible superior per-
formance of obtaining higher than average academic performance
(course grades in college among students pursuing a science major).
The performance involves studying a new set of materials and then
mastering that material by integrating it with earlier acquired knowl-
edge as specified by the instructor. We refer to the ability to get high
grades in a series of different courses as ‘expert school performance’,
and it is measured by cumulative GPA. In the current study, we
recruited students on the basis of cumulative GPA prior to the start
of the semester (preGPA). PreGPAs were used as a measure of aca-
demic standing (or in expert performance terms, level of expertise)
prior to the start of the semester. At the undergraduate level the
knowledge in a new course requires continued mastery and thus
our measure of superior school performance measures accumulated
knowledge in addition to the generality of ability to learn material
in the different courses taken by a given science major.

The current study uses methodology from the SRL approach to
study developing expertise in bioscience students. We examine re-
producibly superior science performance using expert performance
methodologies (daily diaries) to examine SRL strategies across time-
points.

2.2.1. Hypothesis set #1: the use of SRL strategies is stable and can be
assessed by SRLIS for upper-level college science students

First, we wanted to examine traditional SRLIS methodologies in
upper-level bioscience students. The first hypothesis examined the
prediction that there would be significant differences in SRL strate-
gies reported in the SRLIS for high- and low-achieving groups of
upper-level college students majoring in science differing in their
preGPAs.

2.2.2. Hypothesis set #2: event-based assessment of use of SRL strategies
matches estimated use of strategies from SRLIS

We tested the hypotheses that event or state-based estimates of
strategy use (i.e. strategies reported in diaries) would be correlated
with trait-based estimates of strategy-use (i.e. strategies reported in
the SRLIS). Thus, we hypothesized that the estimates for strategy
presence would be highly correlated (i.e. the SRLIS and the diaries).

2.2.3. Hypothesis set #3: event-based assessment of SRL strategies, their
stability across the target semester and the predictability of
academic performance

We predicted that: a) there would be significant differences
according to preGPA groups in the use of specific strategies estimated
in diaries from the three weeks at different times during the semes-
ter; b) estimated strategy use from the diaries would reveal a more
detailed pattern of differences if each diary week was analyzed sepa-
rately, and c) variables corresponding to strategy-use differences
would significantly predict subsequent performance, semGPA. Specif-
ically, we hypothesized significant differences between preGPA
groups in the presence of reported strategies as well as the extent (fre-
quency and duration of application) for the three diary weeks across
the semester, and that these differences would predict subsequent
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academic performance (c.f. Kitsantas, 2002; Sundre & Kitsantas,
2004). This finding would be consistent with the expert performance
view that aspiring experts must continually evaluate their current
performance and contexts (often with feedback from teachers and
coaches) and modify their practice activities accordingly to obtain op-
timal performance outcomes (Ericsson, 2006b).

2.2.4. Hypothesis set #4: groups of strategies

We wanted to examine the extent to which differences in the
large number of reported SRL strategies between preGPA groups
reflected differences in a small number of components comprised of
theoretically related individual strategies. Additionally, grouping var-
iables reduces the number of individual analyses and improves statis-
tical power. Thus, variables were collapsed according to categories
discussed by Zimmerman and Martinez-Pons (1986). There were six
categories of strategies: self-regulating, organizing, seeking informa-
tion, mnemonic usage, seeking social assistance and reviewing (see
also Appendix B). We predicted that analyses with these six catego-
ries would be similar to those with each SRL strategy. Thus, the results
of analyses with groups of strategies are presented alongside each of
the other sets of analyses, and then comparisons between analyses
with individual strategies and those with groups of strategies will
be discussed.

3. Method
3.1. Participants

Participants were Bioscience majors recruited from seven relative-
ly high-enrollment, challenging classes (animal behavior, cell struc-
ture and function, conservation biology, genetics, immunology,
plant biology and virology) as identified by the Dean of Arts and Sci-
ences. During the first class period of the semester, students filled out
eligibility questionnaires, which requested information about esti-
mated GPA, year in college, major and contact information. Approxi-
mately 200 of the 300 students attending filled out the
questionnaire, and participation was restricted to the 160 Bioscience
majors who had completed at least two semesters (30 units) of col-
lege. According to their estimated GPA, students were categorized
into high-achieving (GPA>3.7), average-achieving (GPA>=3 and
<=3.7) and low-achieving students (GPA<3). Twenty-five eligible
students were randomly chosen and contacted from each achieve-
ment level, of which 70 (93%) attended the initial interview. Of
these students, 3 dropped the class that they were recruited from
and 7 students dropped out of the study prior to diary completion
(of these students, two were high-achieving, three were average-
achieving, and two were low-achieving).

Of the 60 (80%) remaining students, 22 met the criterion for being
high-achieving, 17 for average-achieving and 21 for low-achieving.
Estimated GPA was verified with the students' permission from aca-
demic records. However, three of the 60 participants were newly
transferred students. These students' data were not included in the
analyses where cumulative GPA (preGPA) was the between-subjects
variable. Recruitment of students based on their reported GPA was
considered successful, as the correlation between estimated and actu-
al GPA was high (r(57) =.92, p<.01). Mean GPA at intake was 3.29
(SD=.54, range=2.27-4.00). Mean SAT-verbal score was 567.58
(SD=285.42, range =360-750), mean SAT-math score was 586.03
(SD=175.45, range =400-750) and mean SAT-total was 1153.02
(SD = 144.66, range = 770-1480) Fifty-eight of the 60 remaining par-
ticipants completed the diaries for all three diary weeks (16 males
and 42 females, mean age = 19.50 SD =.99). Students were paid for
their participation ($15 per hour for approximately 4 h) and given a
monetary bonus ($15) for completing all parts of the study ($75 in
potential earnings).

The sample size in the current study was relatively small com-
pared to other studies using questionnaires or one-time interviews.
Participants completed both interviews and diaries, which made the
current study rather data intensive. Furthermore, to reduce volunteer
bias and increase motivation for participating for approximately 4 h,
participants were paid for their participation. Thus, while the sample
size reflects constraints in laboratory resources (i.e. hours in the se-
mester, monetary, etc.), we hypothesized that collecting data from
seven days at three different weeks during the semester would give
us more data to calculate more reliable estimates of strategy use
than those derived from studies based on a single interview or one-
time questionnaire and thus perhaps reducing the need for studying
many participants.

3.2. Materials

3.2.1. SRLIS interview

The SRLIS was designed to be as similar as possible to the version
used in Zimmerman and Martinez-Pons (1990) study with eight
learning contexts. The wording of some questions was, however,
modified slightly to be more applicable to adult college students
(e.g. the word ‘professor’ was used instead of ‘teacher’, and ‘teaching
assistants’ were mentioned instead of ‘adults’) (see Appendix A).

Interviews were coded by two researchers independently accord-
ing to the 15 SRL strategies (14 SRL strategies plus one category for
‘other’, as described in Zimmerman & Martinez-Pons, 1986 — see
Appendix B). Multiple strategies were tallied and summed across
eight contexts. For each strategy, strategy presence (whether or not
a strategy was reported during the entire interview) and strategy fre-
quency (how many times a particular strategy was mentioned across
the interview) were recorded. Strategies were then collapsed into six
categories for analyses: self-regulating (including the variables self-
assessing, goal-setting and planning, keeping records and monitoring,
environment restructuring, and self-consequences), organizing, seek-
ing information, mnemonic usage (memorizing), seeking social assis-
tance (including the variables seeking assistance from peers, tutors,
and professors) and reviewing (including the variables reviewing
previous problems, notes, and textbook).?

3.2.2. Daily diaries

The daily diary template was a computerized text file containing a
table with a row for each of 15-minute time periods over 24 h (mid-
night to midnight). Each row had column headings for detailed infor-
mation, such as ‘time’, ‘location’, and ‘activity’. Participants were
instructed to fill out each row, being as specific as possible (except
with private activities). With regard to studying activities, students
were requested to indicate when and where they were studying,
with whom, and what materials they were using.

Studying activities across courses were coded according to the 15
SRL strategies described in Zimmerman & Martinez-Pons (1986, see
Appendix B). For each diary week, each strategy was given a presence
value (whether or not a strategy was reported at least once), frequen-
cy value (number of times a strategy was reported during the diary
week) and total duration value (total time a strategy was used in
hours). Three of the 15 SRL strategies were not included in any
diary analyses: ‘self-consequences’ and ‘environment structuring’

2 Both diary and interview strategies were coded by two independent researchers.
Inter-rater reliability was calculated for all interview strategies, and it was determined
that all strategies had interclass correlations above (two-way, random) .90. Inter-rater
reliability was also calculated for the 12 diary strategies with significant GPA group dif-
ferences (p<.01). It was determined that all but three strategies had interclass correla-
tions (two-way, random) above .90. Presence of seeking assistance from peers during
the midterm week had an interclass correlation above .80, and presence of organizing
and seeking information had interclass correlations above .75. There was only one
strategy with significant GPA group differences at the p<.01 level, frequency of orga-
nizing and transforming, which had an interclass correlation above .85.
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were difficult to assess from the entries in diaries, and the strategy
‘other’ was not used as participants were contacted within 24 h to
clarify activities that could not be coded. Similar to the interview an-
alyses, strategies were collapsed into 6 categories: self-regulating, or-
ganizing, seeking information, mnemonic usage, seeking social
assistance, and reviewing. Also, similar to Kitsantas' studies
(Kitsantas, 2002; Sundre & Kitsantas, 2004), a variable corresponding
to total number of strategies reported (out of 12 possible strategies)
was also recorded and included as a strategy variable in the analyses.
Each diary entry was coded by two researchers independently?.

3.3. Procedure

At the first meeting, which occurred towards the beginning of the
semester, participants were administered the SRLIS (Zimmerman &
Martinez-Pons, 1986, 1990). Participants were then instructed in
how to complete the daily diaries. Participants were sent the daily
diary template at the beginning of the three diary weeks by email.
Participants were instructed to fill out their diaries each evening
and send them to the primary investigator via e-mail everyday, be-
tween midnight and 9 am, for seven days. If students sent diaries
late, reminders were sent and the students were warned to send dia-
ries within 24 h. According to these rules, two students were unable
to complete all three diary weeks. There was no significant difference
between preGPA and semGPA groups according to students that pro-
vided late entries (in each case, F(2, 57) <1, p>.05). If any studying
activity reported in the diary was unclear (e.g., ‘studying’ with no fur-
ther description), the participant was contacted via e-mail or phone
by the principal investigator and the item was clarified within 24 h.
In order to clarify, participants were instructed to give details as to
what course they were studying for, what materials were being
used, how these materials were being used, and how long they
were studying for. Although several of the students were asked for
clarifications, particularly in the first week, no students' diary entries
were eliminated due to failure to respond to request for clarifications
in a timely manner. The schedule of diary completion was planned
according to class schedule, such that participants completed one
week of diaries during a midterm test in the class from which they
were recruited and two weeks during which there were no midterms
in that class (i.e., week 1 = beginning of the semester, week 2 = mid-
term week, week 3 = end of the semester).

4. Results

The current study had four sets of hypotheses, and the analyses
associated with each are addressed in turn.

4.1. Hypothesis set #1: the use of SRL strategies are stable and can be
assessed by SRLIS for upper-level college science students

4.1.1. Strategy presence scores

Individual ANOVAs of each of the 15 strategies with preGPA
groupings as a between-groups factor were conducted for each type
of strategy to examine group differences in individual strategies
more closely. None of the strategies differed significantly between
groups (in each case, p>.01). Similar analyses were conducted for
each of the 6 categories of strategies, but no significant differences be-
tween groups were observed (in each case, p >.01).

4.1.2. Strategy frequency scores

When similar analyses were conducted for the 15 variables coding
for frequency of strategy use, there were no strategies reported dur-
ing the SRLIS that differed significantly between groups (in each
case, p>.01). Additionally, similar analyses conducted for each of
the 6 categories of strategies also yielded no significant differences
between groups (in each case, p >.01).

Contrary to our first hypothesis, in the current sample of upper-
level college science students the strategies in SRLIS did not reveal
significant differences between preGPA groups at the p<.01 level.
Our analyses of individual strategies and the six categories of strate-
gies uniformly failed to find any significant differences between
groups.

4.2. Hypothesis set #2: event-based assessment of use of SRL strategies
matches estimated use of strategies from SRLIS

As described in the methods section, only 12 of the 15 SRL strate-
gies could be assessed from the diaries. To compare the information
about strategy use from the diaries to those derived from the SRLIS,
we first averaged the information across the three diary weeks to
yield a single, dichotomous score for each study strategy's presence
(e.g. for ‘reviewing the textbook', we determined whether or not
the participant engaged in the strategy across the three weeks and
scored the strategy as ‘1’ for present and ‘0’ for absent). For diary fre-
quency variables, we averaged information across the three weeks to
reveal an average score for each study strategy. The agreement of the
measures of strategy presence and frequency assessed from the two
interviews and the aggregated diaries was evaluated by calculating
correlation coefficients.

The strategy presence for ‘reviewing notes’ and ‘reviewing text-
book’ in the diaries was at 100%, making it impossible to compute
any correlation with the SRLIS. An analysis of the phi correlations
(for comparison of dichotomous variables) between the variables de-
rived from the SRLIS and the diary data for each of the 10 remaining
strategies revealed no significant correlations (in every case, p>.05).

When comparing estimates of strategy frequency for the SRLIS and
the diaries, it was revealed that only one strategy was positively corre-
lated between measures — organizing and transforming, r (58) =.375,
p<.01. Thus, contrary to our initial hypotheses from the second set of
hypotheses, it was revealed that almost all the corresponding diary
and interview variables were not significantly correlated.

When conducting the same analyses with 6 categories of strate-
gies, we created dichotomous variables that collapsed across the
three time-points and across strategies. For example, with the
‘reviewing’ strategy, participants were awarded ‘1’ if they engaged
in any reviewing strategy across the three weeks examined and ‘0’
if they did not. Similar results to the individual analyses were
obtained, such that there were no significant correlations except for
organizing and transforming (r (58) =.375, p<.01). The result for or-
ganizing and transforming was identical to that from the analysis of
the individual strategies because the category of organizing and
transforming consisted of data on a single strategy.

4.3. Hypothesis set #3: event-based assessment of SRL strategies, their
stability across the target semester and the predictability of academic
performance

To go beyond the results based on averages across the three diary
weeks and examine specific strategy-use more closely across time-
points, repeated measures ANOVAs were conducted to assess the sig-
nificant group differences in reported strategy usage across the three
weeks. Separate analyses were performed for each strategy, with
strategy-use across weeks as the within-subjects variable and preGPA
groupings as the between-subjects variable. Only main effects and in-
teractions significant at the p<.01 are reported. The effects on the
presence, frequency, and duration of study strategies will be reported
in separate sections for diary week, preGPA grouping, and their
interactions.

4.3.1. Significant main effects of diary week on strategy use
Main effects of week reflect a tendency for students across the
three GPA groups to change their study strategies at the three diary
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Table 1
Means, standard deviations, F-values, and effect sizes (partial eta-squared) for significant main effects of week reported in the diaries.
Variable Week 1 Week 2 Week 3 Overall F- Effect
M D M sD M SD M SD value size
Presence of organizing and transforming 043 0.07 0.69 0.06 0.67 0.06 0.59 0.04 6.37 0.11
Presence of reviewing notes 0.82 0.05 0.98 0.01 0.81 0.05 0.87 0.26 5.04 0.09
Frequency of reviewing notes 3.00 043 6.18 0.46 4.36 0.59 4.51 0.35 14.08 0.21
Frequency of studying 20.8 1.52 26.4 133 23.65 1.59 23.62 1.16 418 0.07
Duration of reviewing notes 2.56 0.37 5.84 0.54 419 0.59 4.2 0.38 15.88 0.23
Table 2
Means, standard deviations, F-values and effect sizes (partial eta-squared) for significant main effects of PreGPA group.
Variables Low achieving Average-achieving High-achieving Overall F- Effect
M sD M D M D M D value - size
Presence of organizing and transforming 0.37 0.07 0.71 0.07 0.7 0.07 0.59 0.04 7.57 0.23
Presence of seeking information 0.13 0.07 0.38 0.07 0.56 0.06 0.35 0.04 10.13 0.28
Presence of reviewing textbook 0.7 0.05 0.94 0.05 0.94 0.05 0.86 0.03 7.19 0.22
Number of strategies 4.9 0.3 6.21 0.32 7.06 0.28 6.06 0.18 13.57 0.34
Frequency of seeking information 0.2 0.28 0.88 0.3 1.73 0.26 0.93 0.16 7.94 0.23
Frequency of reviewing notes 2.59 0.61 5.56 0.65 5.38 0.56 451 0.35 734 0.22
Frequency of studying 17.33 2.01 24.6 2.13 2891 1.86 23.62 1.16 7.74 0.22

weeks depending on the time during the semester (for means, stan-
dard deviations, F-values and effect-sizes of significant main effects,
see Table 1). There were two significant main effects of week for
strategy presence: organizing and transforming (with significant con-
trasts such that the strategy was used by more students in week 2 and
3 than week 1) and reviewing notes (with significant contrasts such
that the strategy was used by more students in week 2 than in
week 1 or 3).% There were significant main effects of week for all six
categories of strategy. In the case of self-regulating and organizing,
contrasts were significant such that the strategies were used by
more students during both weeks 1 and 2 than week 3, but there
were no significant contrast between weeks 1 and 2. For the remain-
ing strategy categories (seeking information, mnemonic usage,
reviewing, and seeking social assistance), there were significant con-
trasts such that strategies were used by more students during week 1
than week 2 or week 3, but there were no significant contrasts be-
tween weeks 2 and 3.

There were also two significant main effects of week for strategy
frequency: reviewing notes differed across weeks (with significant
contrasts such that the strategy was used more frequently in week
2 than in week 3) and the total frequency of studying (with signifi-
cant contrasts such that the total frequency of strategies was greater
in week 2 than in week 1). Similarly, the same two significant main
effects of week emerged for strategy frequency of categories: the
reviewing category differed across weeks (with significant contrasts
such that the strategy was used more frequently in week 2 than in
week 1 or 3) and the total frequency of studying (with significant
contrasts such that the total frequency of studying was greater in
week 2 than in week 1).

Finally, there was one main effect of week for strategy duration:
reviewing notes (with significant contrasts such that the strategy
was engaged in for the longest duration during week 2, followed by
week 3 and week 1). Similarly, the duration of the category of review-
ing yielded a significant main effect of week, with similar significant
contrasts.

4.3.2. Significant main effects of groups differing in preGPA
A main effect of preGPA group reflected general preGPA group
differences averaged across weeks (for means, standard deviations,

3 All significant contrasts were corrected using Bonferroni adjustments (9 contrasts
for interactions and 3 contrasts for main effects).

F-values, and effect sizes of significant main effects in partial eta-
squared, see Table 2). There were four significant main effects of
group for strategy presence: organizing and transforming, seeking in-
formation, reviewing textbook, and the number of strategies used. In
each case, contrasts between high- and low- and average- and low-
achieving students were significant, such that both high- and
average-achieving students engaged in the strategies more than
low-achieving students. Analysis of the strategy categories revealed
similar significant main effects of the organizing strategy (with simi-
lar significant contrasts).

There were also three significant main effects of groups for strate-
gy frequency: seeking information, reviewing and overall frequency
of studying. In each case, contrasts between high- and low- and
average- and low-achieving students were significant—with the ex-
ception of seeking information, where only the contrast between
high- and low-achieving students was significant. Similarly, there
were three significant main effects of group for strategy frequency
of category: organizing, seeking information, and reviewing. There
were no significant contrasts in the organizing category, but for
each of the other categories high-achieving students used the strate-
gies more frequently than low achieving students.

There were no significant main effects of group for duration of any
strategy or category at the p<.01 level.

4.3.3. Significant interactions between week and preGPA grouping

A week-by-preGPA interaction reflected the tendencies of certain
preGPA groups to use specific strategies during specific weeks (for
means, standard deviations, F-values, and effect sizes of significant in-
teractions in partial eta-squared, see Table 3). There was only one sig-
nificant week by preGPA interaction for the strategy presence,
namely in number of students that reported seeking assistance from
peers (with high-achieving students engaging in the strategy more
than low-achieving students during week 2 and low-achieving stu-
dents engaging more in seeking assistance than average-achieving
students during week 3). A similar interaction was found with the
frequency of the category of seeking assistance, with a similar pattern
of significant contrasts.

There was also only one significant week by preGPA interaction
for both strategy frequency and strategy duration, namely in the
seeking assistance from peers (with low-achieving students engaging
in the strategy more than average-achieving students during week 3
in both cases). Similar interactions were found with frequency

Please cite this article as: Nandagopal, K., & Ericsson, K.A., An expert performance approach to the study of individual differences in self-
regulated learning activities in upper-level college students, Learning and Individual Differences (2012), doi:10.1016/j.1indif.2011.11.018



http://dx.doi.org/10.1016/j.lindif.2011.11.018

8 K. Nandagopal, K.A. Ericsson / Learning and Individual Differences xxx (2012) xxx-xxx

Table 3

Means, standard deviations, F-values and effect sizes (partial eta-squared) for week-by-preGPA group interactions.
Variables Low achieving Average- High-achieving Overall F- Effect

achieving value size
M SD M SD M SD M SD

Presence of seeking assistance from peer — week 2 0.22 0.11 0.38 0.12 0.67 0.1 043 0.05 4,03 0.13
Presence of seeking assistance from peer — week 3 1.32 1.57 0.17 0.41 0.52 0.78 0.69 1.14 4.03 0.13
Frequency of seeking assistance from peer — week 3 1.61 0.31 0.18 0.33 0.74 0.29 0.84 0.14 434 0.14
Duration of seeking assistance from peer — week 3 132 0.25 0.17 0.27 0.52 0.23 0.72 0.12 4,61 0.15

and duration of engaging in seeking social assistance categories, with
similar contrasts.

4.3.4. Total duration of studying

A recent study from our lab examined time-use in college students
and found no significant difference between amount of time spent
studying and GPA (Plant et al., 2005). The current study confirmed
these results overall. However, when ANOVAs were performed with
total hours spent studying in a given week as dependent variables
and preGPA grouping as the independent variable, there was a signif-
icant difference between groups for week1, a non-midterm week to-
wards the beginning of the semester, F(2, 56)=7.112, p<.01,
13 =.20, with significant contrasts between both high- and average-
and high- and low-achieving students (M=24.77, SD=7.90 for
high-achieving students, M=17.51, SD = 8.89 for average-achieving
students and M = 14.87, SD = 9.66 for low-achieving students).

In sum, we found support for our predictions from the analysis of
the third set of hypotheses. Additionally the results of the strategy
category analyses were very similar to the individual strategy ana-
lyses. We will discuss this further in the discussion section.

4.4. Hypothesis set #4: groups of strategies

In order to examine the extent to which differences in the large
number of reported SRL strategies between preGPA groups reflected
differences in a small number of components comprised of theoreti-
cally related individual strategies, we collapsed individual strategy
variables according to categories discussed by Zimmerman and
Martinez-Pons (1986). We predicted that analyses with these six cat-
egories would be similar to those with each SRL strategy. Indeed, the
analyses were largely similar, with few differences in significant main
effects and interactions. With so few differences, it would appear to
be more efficient and statistically sound (in terms of power and

number of analyses) to use categories instead of individual analyses.
Thus, we examined the differences in the amount of variance in sub-
sequent performance explained by individual strategies and catego-
ries of strategies.

4.4.1. Predicting subsequent performance

In order to determine how much of the overall performance (as
measured by semGPA) is accounted for by strategy usage, linear re-
gressions were conducted with semGPA as the dependent variable.
Strategies were entered as independent variables. The variables
with significant (p<.01) main effects of GPA and week-by-GPA inter-
actions entered stage-wise into the regression equation (for a list of
strategies and correlations between strategies, see Table 4). The anal-
ysis revealed that strategies accounted for 51% of the variance, F(12,
45)=3.90, p<.001. Next, a similar analysis was conducted with strat-
egy categories. Five variables were chosen because of their significant
(p<.01) main effects of GPA and week-by-GPA interactions: frequen-
cy of organizing, seeking information, reviewing, and seeking social
assistance and presence of organizing (for each strategy, week 1 fre-
quency/presence was entered). The analysis revealed that strategies
accounted for 10.8% of the variance, F(5, 54) =2.42, p<.05. When fre-
quency/strategy overall variables were entered rather than the week
1 variables, the amount of variance accounted for increased to 21.8%,
F(5,54)=4.30, p<.01.

In order to determine which individual strategies predicted subse-
quent performance best, a step-wise regression analysis was con-
ducted with semGPA as the dependent variable and the 12 selected
variables from the diaries described above as independent variables.
The results of this analysis revealed that three variables accounted
for 45.8% of the variance F(3, 54) = 15.098, p<.01 (R? = .456, adjusted
R?=.426): presence of seeking information, presence of reviewing
the textbook, and presence of seeking assistance from peers during
the midterm week (see Table 5). When a similar analysis was

Table 4
Means, Standard Deviations, and zero-order correlations for variables with significant main effects of preGPA group and week-by-preGPA group interactions.
M SD 1 2 3 4 5 6 7 8 9 10 11 12
Var 1 059  0.04
Var 2 035 004 35"
Var 3 0.86  0.03 457 0.04
Var 4 606  0.18 53* 54" 40"
Var 5 043  0.05 0.04 0.22 0.09 38"
Var 6 069 114  —017 —34%  —001 0.01 023
Var 7 093  0.16 35" 81" 0.03 55 013 —033
Var 8 451 035 43° —o001 37" 37° 003 —0.06 0.03
Var 9 084 014 —022 —033 —0.12 —0.05 0.15 68 —0.28 —0.04
Var 10 072 012 —021 —031 —0.13 —0.09 0.12 677 —028 —0.07 94*
Var 11 2362 116 63" 43" 45" 85" 34" 0.01 46" 517 0.01 —0.05
Var 12 1943 977 37" 35" 0.25 63° 025 0.08 35" 37" 0.06 0.04 65"
preGPA 329 054 417 52" 39" 54 36° —021 41" 36" —30" -35" 46" 38"
semGPA 309 084 39* 46" 43" 46™ 40°  —013 35" 022 —0.28 —0.27 A46% 028

Note. Var 1 = presence of organizing and transforming, Var 2 = presence of seeking information, Var 3 = presence of reviewing textbook, Var 4 = number of Strategies, Var 5 =
presence of seeking assistance from peers during midterm, Var 6 = presence of seeking assistance from peers late, Var 7 = frequency of seeking information, Var 8 = frequency of

reviewing notes, Var 9 = frequency of seeking assistance from peers late, Var 10 = dura
duration of studying early. Correlation between preGPA and semGPA, r=.67, p<.0.
*
p<.01.

tion of seeking assistance from peers late, Var 11 = frequency of studying, Var 12 =

Please cite this article as: Nandagopal, K., & Ericsson, K.A., An expert performance approach to the study of individual differences in self-
regulated learning activities in upper-level college students, Learning and Individual Differences (2012), doi:10.1016/j.1indif.2011.11.018



http://dx.doi.org/10.1016/j.lindif.2011.11.018

K. Nandagopal, K.A. Ericsson / Learning and Individual Differences xxx (2012) xXx-Xxx 9

Table 5

Regression results — diary and modified SRL variables predicting semGPA.
Model B SE Beta
Constant 133 33
Var 2 .95 .26 38
Var 3 139 .36 39
Var 5 48 17 .29

Notes. Var 2 = presence of seeking information, Var 3 = presence of reviewing
textbook, Var 5 = presence of seeking assistance from peer during midterm, total
R? = 456, adjusted R?> = .426.

conducted with the category variables, using the frequency/presence
overall variables, the results of the analysis revealed that two vari-
ables accounted for 24.4% of the variance, F(2, 57) =10.55, p<.01,
seeking information and reviewing.

To examine whether categories accounted for a similar proportion
of the variance as using individual strategies, the two category vari-
ables from the stepwise regression described were entered into a re-
gression equation, followed by the three individual strategy variables.
Then, the category variables were removed from the regression equa-
tion. The results revealed that the addition of the individual strategy
variables added significant variance to the category variables, Fopnge
(3,52)=5.32, p<.01, Rehange = .160. However, the removal of the cat-
egory variables did not result in a significant change in variance
accounted for. Thus, while using the category variables did reveal
for significant differences in preGPA groups accounting for a signifi-
cant proportion of the variance in subsequent performance, using in-
dividual strategies accounted for significantly more variance.*

4.4.2. Intellectual capacity and SRL strategies

In several of the results outlined, it seemed that there were signif-
icant differences between high- and low- and even average- and low-
achieving students, but not between high- and average-achieving
students, despite the clear differences in academic performance.
One possibility is that intellectual capacities may differentiate be-
tween these students, giving high-achieving students an academic
edge to outperform average-achieving students who are otherwise
engaging in similar strategies.

It is well known that SAT scores correlate with GPA in college (Frey
& Detterman, 2004, for a review, see Willingham, Lewis, Morgan, &
Ramist, 1990). In the current study, the correlation between SAT-
Total (SAT-T) and semGPA was r(56) =.37, p<.01. When an ANOVA
was conducted comparing the SAT-T performance of GPA groups,
there were significant differences between groups, F(2, 55)=4.95,
p<.01, however with post-hoc tests revealing significant differences
between high- and low- and average- and low-achieving students
only. Furthermore, SAT-T scores accounted a significant proportion of
the variance in semGPA (R?=.158, adjusted R?>=.143), F(1, 56) =
10.474, p<.01). When SAT-T was added after the significant SRL

4 Of potential interest, we conducted a principle components analysis (PCA). The
Kaiser-Meyer-Olkin measure of sampling adequacy was good at .785. Three principle
components emerged with Eigenvalues > 1.0. The first component (Component 1) evi-
denced loadings >.40 from activities including organizing and transforming, seeking
information, reviewing variables and overall preparation variables (i.e. overall time
spent studying during week 1, overall number of strategies used). This component
accounted for 36% of the variance in responses, overall. The second component includ-
ed variables associated with seeking assistance from peers and accounted for 23% of
the variance in responses. The third component was harder to interpret, as it included
loadings from seeking information variables as well as from reviewing variables, but
the latter were negatively loaded and accounted for 13% of the variance in responses,
overall. When participants' scores for each of the three components were entered step-
wise into a regression analysis for predicting semGPA, only Component 1 accounted for
significant variance F(1, 56) =30.261, p<.01 (R2=.351, adjusted R2 =.339).

strategies described in the step-wise regression above, SAT-T was not
associated with associated with a significant increase in the proportion
of the accounted variance (around 3% increase), Fehange (1, 53) =3.01,
p>.05.

5. Summary and general discussion

In our investigation of adult learners studying advanced semester-
long courses in their area of major specialization we uncovered four
distinct findings that support the essential role of self directed learn-
ing and the context sensitive use of particular SRL strategies
(Zimmerman, 2008). First, the average engagement in particular SRL
strategies across all groups differed across phases of the semester-
long course. For example, overall students engaged in organizing
and transforming and reviewing notes more frequently and for longer
durations of time during the midterm week than other weeks.

Second, the analysis of the diaries identified individual differences
in use of strategies that differentiated significantly between groups
differing in the academic performance prior to the target semester
(preGPA). Students who had attained higher grades in prior semes-
ters were found to use a larger number of different strategies and
were more likely to engage in strategies such as organizing and trans-
forming, seeking information, and reviewing strategies more than
low-achieving students.

Third, the analysis of the diary data identified differences in strategy
use that differentiated between preGPA groups at specific time-points
based on significant week-by-GPA group interactions. For example,
we found that high-preGPA students sought more assistance from
their peers during midterm weeks than low-achieving students, while
towards the end of the semester, low-achieving students engaged in
this strategy more than average-achieving students did. A similar result
was found when examining the total amount of time spent studying.
Our study found no overall significant relation between the total
amounts of time spent studying and preGPA, consistent with several
other investigations (for a review, see Plant et al., 2005). However, the
diary data showed that high-preGPA students spent more time overall
in study-related activities earlier on in the semester than both
average- and low-achieving students. Later on in the semester, differ-
ences in the overall duration of studying were no longer significant.

Finally, in order to explore whether strategies could be grouped
according to theoretical conceptions (and in order to reduce the over-
all number of analyses), we collapsed strategies into categories (fol-
lowing the recommendations by Zimmerman & Martinez-Pons,
1986) and conducted similar analyses to those performed with indi-
vidual strategies. We found that the results from both analyses were
largely similar, with a similar pattern of significant main effects and
interactions. However, when comparing individual strategies and cat-
egories in their ability to predict subsequent performance, we found
that while both predicted significant amounts of variance, individual
strategies predicted significantly more variance. Thus, although it
may be more convenient (or more statistically robust) to use catego-
ries instead of individual strategies in analyses, the use of individual
strategies in our study was more informative and predictive of the
outcomes of the semester-long courses.

In comparison to earlier SRL studies that assessed the kind of
strategy-use that differentiated high-achieving students by question-
naires, our diary methodology provides a day-to-day description of
the actual use of SRL strategies by adult students at the upper-
division college level. First, the diary provides information on the ex-
tent to which students use specific strategies (i.e. frequency and dura-
tion of the associated study and learning activity). Second, we were
able to determine when (at which point during the semester) stu-
dents used strategies linked to superior academic performance. In
combination, this specific information obtained about the actual use
of strategies (i.e. what, how much, and when) predicted a large pro-
portion of the variance in the current semester's GPA.
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5.1. Reconciling our findings with earlier studies on self-regulated
learning

When we used the SRLIS interview to assess the use of SRL strate-
gies among our adult learners, we did not find individual differences
related to academic performance. This finding may appear to be in-
consistent with the findings by Zimmerman and Martinez-Pons
(1986, 1990), who found significant correlations between strategies
assess with the SRLIS interview and academic performance in their
studies of high-school students. There are several possible reasons
for the differences between our study and those by Zimmerman and
Martinez-Pons (1986, 1990).

One potential explanation for our lack of significant findings was
the relatively small size of our sample (60 students). However, al-
though the sample size in the current study is small relative to several
of the studies employing questionnaires, the sample size is compara-
ble to the main studies using interviews (e.g. Kitsantas, 2002 — 62
students; Zimmerman & Martinez-Pons, 1986, 1988 — 80 students).”
Indeed, power calculation based on our regression analysis using
three significant predictors (seeking information, reviewing the text-
book, and seeking assistance from peers) was comparable to those
calculated from regressions presented in Kitsantas (2002) and
Zimmerman and Martinez-Pons (1986) data (0.99 versus 0.96 and
1.00 respectively).

Our sample was collected differently from the studies by Kitsantas
(2002) and Zimmerman and Martinez-Pons (1986, 1988), who stud-
ied a single class of students. In contrast, our sample consisted of stu-
dents from several smaller advanced undergraduate classes. Given
the small sizes of advanced bioscience classes in college it was neces-
sary to recruit from several classes to obtain a sufficiently large sam-
ple of bioscience majors. However, our sample was quite
homogenous and all participants had completed the class require-
ments in the first two years in the major for bioscience. A study exam-
ining and comparing SRL in a specific advanced college science course
with much larger enrollments would address this issue, and such
studies are under way.

Considering the fact that we found very robust results for differen-
tial use of SRL strategies based on the diaries, but not with SRLIS inter-
view, we argue that the differences between the studies concerned
the level of development and types of the learners. Zimmerman and
Martinez-Pons (1986, 1990) assessed differences between high and
low-performing students in high-school. In contrast, our study
assessed a select group of advanced college students who were
majoring in bioscience. In our college sample, even the low-
performing college students represent a group of individuals who, a
few years earlier, had high grades in high school. The college students
in our study had earned acceptable high-school GPAs and SAT-scores
in order to be admitted into university and at least some level of aca-
demic success in college in order to be enrolled in the upper-level sci-
ence program. Thus, it is likely that this select group of advanced
undergraduates would not differ in terms of their knowledge of avail-
able SRL strategies, which was the target of SRLIS interview.

There are interesting similarities with this finding and studies of the
amount of engagement in deliberate practice in the acquisition of ex-
pert performance. For example, skilled individuals working toward a

5 A potential limitation of our replication with college students is that, unlike Zimmerman
and Martinez-Pons (1986) first study (but similar to a subsequent study Zimmerman &
Martinez-Pons, 1990) our study did not request that students rate how consistently they
used each strategy measure. Zimmerman and Martinez-Pons (1990) called this variable
‘strategy consistency’, and students were asked to rate their consistency on a 5 point scale
(0 = never, 4 = always). On the other hand, Zimmerman and Martinez-Pons (1986,
1990) reported a similar pattern of significant results for their two other measures (strategy
frequency and presence), which were not replicated with our current sample. We do agree,
however, that further studies examining the SRLIS with upper-level college students should
include this additional measure for a more complete replication and current studies con-
ducted in our laboratory are also attempting to address this issue.

full-time professional career in music often agree about their ratings
of relevance of different practice activities for improving performance,
however, the observed differences in music performance among the
skilled musicians could be accounted for by the amount of time they en-
gaged in the deliberate practice activities during their careers (Ericsson
et al,, 1993). In contrast, observational studies of children, who are told
to practice alone, show that the children do not engage in deliberate
practice and seem to keep repeating errors in an almost mindless man-
ner (McPherson & Renwick, 2001). Consistent with these observations
of the poor quality of practice of many beginning music students, re-
search has found that the amount of time music students spend practic-
ing alone is not closely related to improvements in music performance
(Lehmann, 1997). In a similar vein, in populations of performers that
differ more in their skilled performance - include both amateurs and
experts in chess - the ratings of relevance of activities have been
found to differ as a function of attained skill (Charness, Krampe, &
Mayr, 1996). Thus, deliberate practice activities, where accumulated
engagement is correlated with attained chess skill are judged to be
much more relevant for improving performance by the most skilled
chess players than the least skilled chess players, which in turn may ex-
plain why less skilled players engage less in those effective deliberate
practice activities.

The current study examined different methodologies for assessing
SRL strategies in order to examine issues concerning the generality
and stability of SRL strategy-use. As mentioned above, if SRL strategies
were aptitude or trait-like, we would expect responses on interviews
and diaries to be highly correlated. On the other hand, if SRL strategies
differed according to context, or state-like, we would expect responses
on interviews to be less predictive of overall performance than a more
concurrent measure, such as diaries. Our findings support the latter in-
terpretation and notions of developing expertise - that college students'
strategy-use is flexible according to context.

5.2. Towards identification of deliberate practice activities in
high-achieving science students

The findings from the analyses of our diary data show that the pat-
tern of studying that differentiates high-achieving students from less
accomplished students includes information regarding both frequen-
cy of strategy-use and time-point during the semester. Our results
suggest that mere knowledge of a strategy does not appear to be suf-
ficient when considering college students: timing and the extent to
which strategies engaged in are essential, which is in line with both
deliberate practice and SRL conceptions (e.g. Boekaerts & Corno,
2005; Ericsson, 2006a). Moreover, the strategy category analyses con-
verged with our individual strategy analyses, revealing that studying
early and using strategies such as organizing and transforming, seek-
ing information from external sources, and seeking assistance from
peers differentiated between preGPA groups of students and signifi-
cantly predicted subsequent performance. Furthermore, these activi-
ties are best captured by online, concurrent measures, such as
episodic interviews and diaries.

The relation demonstrated between these strategy use and grades
at the college level suggests that interventions guiding low-achieving
students (as identified by preGPA) to improve their study habits will
increase the quality of students' learning and, ultimately, their perfor-
mance on subject matter tests. Thus, future interventions and training
programs should investigate methods such as guided study groups
and tutorials to encourage college students to use the appropriate
strategies at the relevant time periods during the semester.

5.3. Limitations and prospects of our study
Our investigation demonstrates the value of adopting data collection

methods from the expert performance approach to monitor the use of
SRL strategies in adult learners who are extending their knowledge by
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taking advanced courses. Specific strategies and associated activities
were used significantly more by high-achieving students, such as study-
ing early, seeking information and organizing at a greater frequency.
The development of such situated strategies over time is in line with
conceptualizations from both expert performance and SRL conceptions
of the development of superior performance (for reviews, see Boekaerts
& Corno, 2005; Ericsson, 2006a; Zimmerman, 2008).

The diary methodology offers some advantages over traditional
interviews. There is an impressive body of research that has evaluated
the validity of diaries against independent observations using video
recordings (see Robinson, 1999, for a review). Appropriate diary col-
lection might avoid some of the problems associated with the inter-
views, such as the low correlations between attitudes and predicted
behaviors and the corresponding observed behaviors (Ericsson &
Simon, 1993; Tourangeau, Rips, & Rasinski, 2000; see also Veenman,
Prins, & Verheij, 2003; Winne & Jamieson-Noel, 2002). However,
future research with diaries could be improved by including opportu-
nities for explicit validation of the reported information by direct
observations, indirect observation of studying and problem solving
on the internet and/or “think aloud” protocols during study activities.

In order to obtain a better understanding of adult learning, an in-
vestigation of the motivational and metacognitive components of SRL
is required. These particular factors were not directly measured in the
current study. It could be argued that certain activities, such as study-
ing early in the semester in the absence of imminent midterms and
exams, could be an indirect measure of motivation, but further re-
search is necessary to replicate those findings. Additionally, the dia-
ries did not include information about metacognitive strategies,
such as self-consequences and monitoring while learning (e.g.
Azvedo, Guthrie, & Siebert, 2004; Winne & Jamieson-Noel, 2002; for
a review, see Zimmerman, 2008). Combining longitudinal diary stud-
ies with intermittent examinations of individual students studying
particular course-related materials while producing think-aloud pro-
tocols would address this problem, and such studies are also currently
under way.

Until supplementary experiments and studies are conducted we
cannot determine whether increased SRL strategy use causes higher
academic performance or is merely correlated. However, we can
consider alternative hypothetical mechanisms mediating the ob-
served relations. For example, one criterion of deliberate practice
is that the activity permits repetitions with immediate feedback.
More systematic studying early in the semester would allow the
higher achieving student several advantages. It would allow them
to master material earlier, but perhaps more importantly to gain
an overview of what they already know and which aspects they
would need to allocate more study time and request help from
teachers and peers well in advance of the first exams in the course.
Only further studies identifying the detailed relations between de-
veloped knowledge structures and SRL strategies could permit clar-
ification of these issues. Recent research has used diaries to examine
the effectiveness of SRL training (Schmitz & Wiese, 2006; Stoeger &
Ziegler, 2008). The current methodology can contribute to this body
of research by uncovering specific strategies that are effective
for adult learners (upper-level college students). However, to dem-
onstrate that the engagement in such strategies will cause improve-
ments in academic performance it will be necessary to demonstrate
benefits using randomized trial studies to compare different train-
ing interventions.

Lastly, the current methodology needs to be extended to allow us
to analyze the detailed processes of SRL strategy-use. This may reveal
differences between average- and high-achieving students, who did
not differ their reported SRL strategy-use or SAT scores in the current
study but did differ significantly in their subsequent performance. For
example, two students may both report reviewing their textbook for
half an hour, but while one is merely reading the text, the other
may be actively retrieving relevant examples (e.g. Chi et al., 1989).

Studies examining think-aloud protocols while students are studying
representative materials would address such issues, and such studies
are currently being conducted by our labs (Nandagopal & Ericsson,
2010). A complementary approach would be to examine study activ-
ities that yield some directly observable output, such as preparation
of homework assignments and solving problems online on a moni-
tored website (e.g. Penn, Nedeff, & Gozdzik, 2000).

The current study has taken steps toward describing individual
differences in the self-regulated learning of adults when they are
facing a representative task of expanding their knowledge in their
area of specialization (major). We believe that these advanced col-
lege students have developed important study skills that allow
them to acquire new knowledge in their area of specialization in
an effective manner. Further research on this group of advanced col-
lege students taking challenging science courses will have dual ben-
efits. Our knowledge of how these students learn can help in the
design of training interventions to improve the academic perfor-
mance of less accomplished students. Furthermore, understanding
how these advanced college students are capable of learning will in-
crease our knowledge of adult learners throughout our society and
how we can support their life-long learning. Specifically, we pro-
pose that a closer integration of the SRL and expert performance ap-
proaches will allow investigators to more fully understand effective
studying and make important contributions towards improving in-
struction and supporting students' and adults' learning in our
schools and colleges as well as in domains of professional expertise.
A successful framework for understanding how to better develop
school, college, and professional education should lead to an inte-
gration of the bodies of knowledge on effective learning across the
life span.
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Appendix A. Self-regulated learning interview

This interview closely resembles Self-Regulated Learning Inter-
view Schedule designed by Zimmerman and Martinez-Pons (1986).
Some of the questions have been reworded in order to be more ap-
propriate for college students.

1. Most teachers give important tests at the end of marking periods,
and these tests greatly affect report card grades. Do you have a par-
ticular method for preparing for these tests? What if you were pre-
paring for a particularly difficult test?

2. What if your professor says that you must write a short paper
about a topic in your major area of study. Your score on this
paper will affect your report card grade. In such cases, do you
have any particular method to help you plan and write your
paper? What if you were having difficulty with the topic?

3. Sometimes in college, students must work without the help of
their professors or TA's. Is there a particular method you use
when you don't understand question in your homework? What
would you do if the assignment deals with a very difficult type of
problem?

4, When completing homework assignments, do you have a particu-
lar method for checking your work after it is finished? What if it is
a difficult assignment?
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5. When taking a test, do you have a particular method for obtaining
as many correct answers as possible with a) multiple choice ques-
tions; b) short-answer; c) essay questions? What if it is a particu-
larly difficult test question?

6. Many times, students have difficulty completing homework
assignments because there are more interesting things they
would rather be doing, such as watching TV, talking to friends,
etc. Do you have any particular method for motivating your-
self to complete your homework or studying under these cir-
cumstances? What if you were trying to meet a pressing
deadline?

7. Some students find it easier to study or complete assignments
if they can arrange a place where they can study. Do you have a
particular method for arranging the place where you study?
What if you are having difficulty concentrating on your
schoolwork?

Appendix B. Self-regulated learning strategies and definitions
(adapted from Zimmerman & Martinez-Pons, 1986)

Strategies Category Definition

1) Self-evaluating Self- Statements indicating student-initiated

regulating evaluations of the quality of progress of their
work. (i.e., ‘I check over my work to make
sure [ did it right.”)
2) Organizing and Organizing  Statements indicating student-initiated overt

transforming or covert rearrangement of instructional
materials to improve on learning, e.g., ‘l make
an outline before I write my paper.’
Statements indicating students setting of
educational goals or sub-goals and planning
for sequencing, timing and completing ac-
tivities related to those goals, e.g., ‘First I start
studying 2 weeks before exams, and I pace
myself.’

Statements indicating student-initiated ef-
forts to secure further task information from
nonsocial sources when undertaking an as-
signment, e.g., ‘Before beginning to write the
paper, I go to the library to get as much in-
formation as possible concerning the topic.’
Statements indicating student-initiated ef-

3) Goal setting and ~ Self-
planning regulating

4) Seeking
information

Seeking
information

5) Keeping records Self-

and monitoring regulating forts to record events or results, e.g., ‘I took
notes of the class discussion.’ ‘I kept a list of
the words I got wrong.’
6) Environment Self- Statements indicating student-initiated ef-
restructuring regulating forts to select or arrange the physical setting
to make learning easier, e.g., ‘I turned off the
radio so I can concentrate on what I'm doing.’
7) Self- Self- Statements indicating arrangement or
consequences regulating imagination of rewards or punishment for
(self-regulating) success or failure, e.g., ‘If  do well on a test, |
treat myself to a movie.’
8) Rehearsing and ~ Mnemonic-  Statements indicating student-initiated ef-
memorizing use forts to memorize material by overt or covert
practice, e.g., ‘In preparing for a math test, |
keep writing the formula down until I re-
member it.’
9-11) Seeking Seeking Statements indicating student-initiated ef-

social assistance  social forts to solicit help from peers (9), teacher

assistance (10), and adults (11), e.g., ‘If [ have problems
with the math assignments, I ask a friend to
help.’
12-14) Reviewing  Reviewing Statements indicating student-initiated ef-

records forts to re-read tests (12), notes (13), or
textbook (14) to prepare for class or further
testing, e.g., ‘When preparing for a test, I re-

view my notes.’
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