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FACTOR STRUCTURE OF THE LTLS 2

Factor Structure of the Learning-to-Learn Scales with an Elementary and
Secondary Education Sample

Researchers and educators note that to be successful from an early age, students rely on
many different abilities, including specific “learning behaviors” (McDermott, 1999). In fact,
researchers found leaming behaviors to be the chief difference between good and poor academic
performance. A 1973 “panel of experts” convened to try to define the meaning of “social
competency” in children. They delineated 29 specific facets of social competency, or behaviors,
that could be used in school programs to help develop and strengthen leaming. These behaviors
were seen as the most important in developing strong students. (Anderson & Messick, 1974).
Control of behavior and positive and affectionate personal relationships are some of these
behaviors. Not only were these behaviors believed to be key to academic success, but they were
also shown to have substantial positive influence on cognitive development, social competence,
and other areas of development (McDermott, 1999).
The Learning Behaviors Scale

Over the years, researchers have made various attempts to measure the behaviors and
characteristics defined in the 1973 panel study. An early attempt resulted in the publication of the
Learning Behaviors Scale (LBS; McDermott, Green, Francis, & Stott, 1999). The LBS is a
measure of behaviors related to efficient and effective learning. It was developed as a means of
collecting normative data of learning-related behavior for less money and time than previous
methods. The LBS was constructed for use with students aged 5 to [7 years. Each of the 29
items of the LBS is related to a specific learning behavior. The wording of each item varies
between positive and negative to reduce the influence of response sets. The teacher or observer

responds to each item whether the behavior Most often applies, Sometimes applies, or Doesn’t
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apply to that particular student.

Standardization and norming of the LBS included 225 doctoral-level, master’s-level, and
graduate student psychologists were recruited and trained as field coordinators. Standardization
sample data came from 201 public and private schools from 70 metropolitan test areas, totaling a
normative sample of 1,500 students, 750 female students and 750 male students (McDermott,
1999). Field coordinators administered the LBS forms to teachers after each teacher had
observed target students at least 50 school days. The sample was consistent with U. S. census
demographics; therefore, the sample included 67.7% White/Caucasian students, 15.9% Hispanic
students, 12.1% Black/African-American students and 4.3% students from other ethnic groups.
Moreover, 23.4% of the students came from single-parent households and 76.6% came from
dual-parent households. The Differential Ability Scales (DAS; Elliott, 1990) was administered in
order to assess cognitive and academic functioning of students, and it was established that the
LBS normative sample was well within the norm.

Results suggested that as many as 10 dimensions could be extracted from the scales with
4 dimensions being extracted reliably and replicated (McDermott, 1999). Results showed that the
model retaining 4 factors was the most stable. McDermott also established that higher values
indicated good learning behavior and low values indicated faulty learning behavior. Results
demonstrated considerable continuity and distinction of the dimensions across demographic
subsamples. No observer effects were identified, signifying that the LBS was consistent across
observers. All Pearson product-moment coefficients between LBS dimensions and the assorted
ability and achievement measures were positive and almost all were statistically significant,
Item-total correlation coefficients were computed within dimensions and no additional items

were discarded due to relatively high or low item total or reduction of internal consistency as per
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conditional alpha coefficients. Raw scores were transformed by area conversion into normally
distributed T scores based upon the normative sample.

The raw scores from 25 of the items on the LBS are used to compute a total score and
four subscale scores, including: Attention/Persistence (AP), Attitude Toward Learning (AL),
Competence Motivation (CM), and Strategy Flexibility (SF). Attention and Persistence focuses
on the behaviors related to distractibility and task completion. Attitude Toward Learning
encompasses willingness to participate in learning related activities. Competence Motivation
items are composed of the behaviors involved in anticipation of success. Attitude Toward
Learning encompasses willingness to participate in learning related activities. Strategy and
Flexibility items signify the way that the child approaches the task.

In a later factor analytic replication study, 10 teachers reported on 257 students from a
southwestern elementary school (Worrell, Vandiver, & Watkins, 2001). The students were from
10 classrooms (grades 1 through 5) and ages ranged from 6-12. The sample was made up of
approximately half male and half female students. Researchers did not collect further
demographic information, but school-wide demographic data showed the school population was
94% white and 6% other ethnic groups. The school was determined to be middle class based on
participation of students in the free or reduced lunch costs programs, which was less than 10%.
The scores ranged from the fifty-fifth to the seventy-fifth percentile for the third through fifth
grades. The teachers rated the students on the LBS. As only 10 teachers participated, each rating
about 26 students, they were given several weeks to complete the ratings in order to avoid
fatigue and carryover effects. The factor structure was found to be invariant across ethnicity,
gender, and age.

The results of the Worrell et al. (2001) study suggested that three factors were reliably
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extracted from the LBS items. Factor analysis was generally supportive of validity of the LBS
structure. Three of the four subscales were substantially replicated, but the Attention/Persistence
subscale was not. Results suggested that it was possible that the fourth factor may not have
emerged due to smaller sample size, using a single-school as a sample, or sampling error. Guided
by the results, researchers also proposed that the two scales Strategy/Flexibility and
Attention/Persistence be used with caution for individuals because of lower reliability estimates
(high .70 range). The study suffered from several limitations, including unequal numbers of
students in each grade level, low response rate of teachers, and only one classroom for three of
five grades were included. Researchers advised that the LBS be replicated in single-school
contexts. However, similarity between these results and McDermott’s (1999) results indicated
that the LBS was a potentially useful instrument for identifying and intervening with learning-
related behaviors in students.

Compared to McDermott’s 1999 study, the Worrell et al (2001) study exhibited
limitations affecting generalizability. Where McDermott’s study included many schools from
many different geographic areas and had a representative sample, the Worrell et al. study came
from only one school in one area and therefore is not nationally representative. In addition, only
limited demographic information was collected in the Worrell et al. study, although, school-
wide demographics, indicated that the school was 94% white and therefore other ethnic groups
were not well represented as in the McDermott (1999) study.

After critically reviewing some of the available behaviorally based rating scales, and
determining their lack of reliability and validity, Worrell and Schaefer (2004) examined the LBS
in two cohorts of academically talented students. The first cohort included 387 students from 28

classes, ranging in age from 11 to 18 from grades 5-11. The sample included 31.8% Chinese
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Americans, 25.6% White/Caucasian Americans, with other groups contributing less than 8% of
the sample. The students in this cohort had an average GPA of 3.7. In the second cohort, there
were 287 students from 21 classes also ranging in age from 11-18. However, these students
ranged in grade from Sth-10th. Like the first cohort, the largest ethnic groups were Chinese
Americans and White/Caucasian Americans with all other groups comprising less than 11% of
the sample. This group also had an average GPA of 3.7. The two groups did not differ
significantly by gender, age, grade placement, or family income. A substantial portion of the
participants came from middle- and high-income families; 30% reported annual family incomes
of more than $100,000 and only 18% had annual incomes below $30,000. Teachers completed
the LBS at the end of a 6-week summer program for gifted and talented students.

Results showed that the LBS raw scores were 1-6 points higher on average than the
normative sample but did not differ significantly from other gifted and talented samples. This
finding suggested that academically gifted students tend to be rated higher on the LBS, in other
words, having better learning behaviors, than other samples. Additionally, internal consistency
and stability indexes were in the moderate range. It was concluded that the LBS was more
internally consistent and stable when compared to other behaviorally based rating scales. The
factor analysis of the LBS resulted in viable four-factor structures in both study groups. Two of
these factors were considerably replicated in independent samples, despite the more constrained
range of scores. This replication showed that the scores of the LBS had substantially stronger
evidence than other tests examined in the study. Additionally, the LBS scores in this study,
accounted for more than 10% of the variance in student achievement. This was greater than the
contributions of GPA, standardized achievement tests, and SES variables. This attribution of

variance suggests that, in gifted populations, LBS scores may have the ability to predict teacher-
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assigned grades even better than the contributions of ability. However, this phenomenon could
also be a method effect, as teachers were also the ones who assigned grades. Marginally larger
contributions were found with the total LBS score than with LBS subscale scores, due to the fact
that they were somewhat more reliable (Worrell & Schaefer, 2004).

Canivez, Willenborg, and Kearney (2006) examined the LBS structure with 241
randomly selected students, ages 6-14, from nine schools in rural Illinois. Twenty-seven teachers
completed the LBS. The majority of the students were Caucasian and the sample had
approximately equal proportions of male and female students. The teachers randomly selected
and rated a minimum of 4 male and 4 female students that they had observed for at least 40
school days before completing the LBS. No personally identifying information was collected in
order to maintain anonymity of the students (Canivez et al., 2006).

Results showed that internal consistency reliability estimates were all acceptable for the
LBS factors, however the AP and AF factors again had alpha coefficients that were slightly
lower, advising caution in individual decision-making. Like previous studies, this study also
provided support of the four-factor model of the LBS supporting the Attention/Persistence factor
as observed in McDermott (1999). Coefficients of congruence for the four-factor model were
actually higher than those for the three-factor model in this study in comparison to LBS
standardization sample results. This result was similar to the results reported by McDermott
(1999) although generalizability was limited as some ethnic groups were underrepresented in the
study, due to location of the schools (Canivez et al., 2006).

Similarities can be drawn between this study and the study by Worrell et al. (2001). Both
samples produced high item mean scores and had similar skewness and kurtosis estimates. In

addition, means and standard deviations were near normative values of 50 and 10 in both studies,
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and internal consistency estimates were quite close, as well.

In another study of the factor structure of the LBS, Canivez and Beran (2011) collected
data on 393 Canadian students, approximately half of them male and half of them female. These
students ranged in grade from kindergarten to grade 12 and ages 5 to 17. The race/ethnicity of
students involved in the study were as follows: 74.8% White/Caucasian, .9% African/Black, .9%
Hispanic/Latino, 1.8% Native American/First Nation, 4.5% Asian, 10.8% Other, and 6.3% not
reported/missing. Classroom teachers from a large western-Canadian city completed the LBS for
randomly selected students in their classroom. The forms were later collected by a certified
school psychologist and returned to the lead author for scoring and analysis (Canivez & Beran,
2011).

Canivez and Beran used exploratory factor analyses to analyze reliable common variance
from the LBS item correlation matrix using SPSS. The scree test was used to determine the
optimal number of factors to retain. LBS scale raw scores from the Canadian sample and U. S.
standardization sample were compared using MANOVA and ANOVA. Coefficients of
congruence between the Canadian and U.S. standardization sample were in the good to excellent
range. Statistically significant MANOV A was followed by univariate ANOVAs. ANOVA was
also used to evaluate differences between the Canadian sample and U.S. standardization on the
LBS Total raw scores. Mean differences were also evaluated using Cohen’s d effect size
estimate.

Canivez and Beran’s results replicated the four-factor structure of the LBS and there was
a strong correspondence of sample and factor invariance statistics between the Canadian and
U.S. samples. The coefficients were close to the a priori criterion and it is likely that the lack of

achievement of this criterion for some items was due to sampling error. Internal consistency
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estimates were also similar to the LBS standardization sample and the U.S. samples (Canivez &
Beran, 2011).

Rikoon, McDermott, and Fantuzzo (2012) examined the LBS with Head Start children to
determine the external validity and dimensionality. Their teachers rated 900 kindergarteners and
first graders, in 158 classrooms, from 97 schools. The researchers generated a polychoric item
correlation matrix using two-stage maximum-likelihood estimation. Exploratory factor analysis
and confirmatory factor analysis were used to calculate a polychoric correlation matrix for the
reserve sample. Guiding criteria included evidence of a comparative fit index, root mean squared
error of approximation (RMSEA), and an upper 90% confidence level for it. For ease of
interpretation, they used a linear conversion to transform the scaled scores to 7 scores (Rikoon et
al.,, 2012).

Rikoon et al. (2012) found that, once again, a four-factor model was superior and
satisfied all criteria, which was confirmed in an independent subsample. The study demonstrated
acceptable levels of internal consistency and also provided evidence supporting the external
predictive validity of scores in Head Start samples. In addition, higher scores on all four LBS
factors assessed in kindergarten and first grade were associated with substantially reduced risk
for future behavioral maladjustment. This finding suggested that it was possible that low-income
children showing below-average learning behaviors may benefit from targeted strategies to
improve their academic skills (Rikoon et al., 2012).

Canivez and McDermott (2016) reexamined the LBS using the U. S. standardization
sample. Exploratory and confirmatory factor analyses results showed that polychoric correlations
were usually higher than the Pearson correlations for the item ratings. Eight of the 29 items

exhibited non-normal distribution, presenting skewness estimates greater than |2.0] and 9 of the
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items had kurtosis estimates greater than |3.0]. Bartlett’s Test of Sphericity, x* = 32,604.84, p <
.0001 indicated that the smoothed LBS item polychoric correlation matrix was not random.
Factor analyses were deemed appropriate given communality estimates and sample size. The
eigenvalue > 1 criteria recommended extracting five factors and the Scree test criteria
recommended extracting as many as seven. Horn’s Parallel Analysis (HPA), in agreement with
the results of McDermott, 1999, recommended a four-factor model. However, the Scree and
MAP recommended only three factors. EFA results showed that all 29 LBS items had salient
factor pattern coefficients in the three-factor model obliquely rotated. Previous investigations of
LBS structure (Canivez & Beran, 2011; Canivez et al., 2006; McDermott, 1999; Worrell &
Schaefer, 2004; Worrell et al., 2001) that used and described results based on an orthogonal
equamax rotation may not have sufficiently represented LBS structure and investigation of
obliquely rotated factors and possible higher-order factor analyses may provide an alternative
structure of the LBS.

Additionally, the earlier studies employed Pearson product-moment correlations. Because
Pearson correlations from ordinal/graded response data are not multivariately normal, they may
produce differentially diminished correlations. This miscalculation can be corrected by
employing polychoric correlations, which will often produce higher correlations. The Schmid-
Leiman (SL; Schmid & Lieman, 1957) procedure was used to apportion common variance first
to the higher—order factor, and to assign the residual common variance to the group factors. The
SL procedure is an approximate bifactor structure and showed that the general learning behaviors
dimension accounted for 35.8% total variance and 65.8% of the common variance. All compared
models produced statistics that were considered adequate or good. Correlations were estimated

between the LBS Total raw scores and teacher assigned grades, DAS achievement scores, and
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BASIS scores. All of these correlations were statistically significant. Despite the information that
as many as seven factors may be extracted, Canivez and McDermott decided that a three factor
model, in agreement with Worrell et al. (2001), was the optimal model. EQS was used to conduct
confirmatory factor analysis. Four models with different numbers of factors were examined. It
was determined that, due to the high factor correlations of the three oblique factor model, the
higher-order or bifactor model should be favored.

The Learning Behavior Scale was a sufficient measure for learning behaviors. However,
it did not have enough items to allow it to extract more than 3 or 4 factors. In order to extract a
larger number of factors, the LBS would have to be altered or replaced.
The Learning-to-Learn Scales

In 2011, McDermott et al. developed the Learning to Learn Scales (LTLS; McDermott,
2014) as an extension of the Learning Behaviors Scale (LBS; McDermott, Green, Francis, &
Stott, 1999). The LTLS was designed for use with preschool, kindergarten, and early elementary
school children. Compared to its predecessor, the LTLS would be considered a stronger scale
because of its increase in number of items that could capture more learning behavior dimensions.
Statistically, the larger number of items may strengthen reliability and validity within scales.
Furthermore, the LTLS is not restricted to a preschool-aged sample. The increase in items,
however, could also be seen as a downfall, because it may make it more difficult for educators to
complete. The LTLS retained the utility of the LBS.

The LTLS (McDermott, 201 1) was used with 1,980 Head Start children from 80 school
districts in Philadelphia, PA. The children’s ages ranged from 2-5 years and there were
approximately half male and half female students. These students belonged to the following

ethnic groups: 74% African American, 14% Latino, 5% Caucasian, and 7% other. Of these
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students, 12% were English Language Learners, and 10% qualified as special needs children.
The 80 teachers involved in the study had 2 to 44 years of teaching experience and the majority
were in the Head Start program. The teachers could respond to the LTLS items online.

The researchers calculated polychoric item correlations for the exploratory subsample
using two-stage maximume-likelihood estimation, and they smoothed for nonsingularity and
positive semidefiniteness (McDermott et. al.,, 2014). They used minimum average partialing to
suggest the number of factors for retention. Ideally, the structure would satisfy the following
criteria: (a) estimate simple structure as shown in maximum hyperplane count and item coverage,
(b) produce the highest goodness-of-fit index and smallest root mean squared residual, (c) have
at least four salient items per factor, (d) yield internally consistent factors, and (e) make
theoretical sense in terms of sparing coverage of the data and compatibility with leading research
in the area.

McDermott et al. found that seven viable factors might be extracted from the LTLS
items, as the seven-factor scale satisfied all the criteria. Strong evidence existed for a general
factor of good learning behavior that conveyed the basic construct while also producing more
specific subtypes of learning behavior that might inform research and practice.

The seven factors identified in the LTLS were named Strategic Planning, Effectiveness
Motivation, Interpersonal Responsiveness in Learning, Vocal Engagement in Learning,
Sustained Focus Learning, Acceptance of Novelty and Risk, and Group Learning. Strategic
Planning is the ability to consider consequences and develop a plan of action. Effectiveness
Motivation is when the child willingly attempts activities that have challenged him or her in the
past. Interpersonal Responsiveness in Learning is the child’s ability to positively respond to

suggestions of alternatives to attempt a task. Vocal Engagement in Learning is a child’s
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voluntary demonstration of knowledge and skills. Sustained Focus Learning is the child’s ability
to stay focused on an activity and self-directed. Acceptance of Novelty and Risk is a child’s
tendency to react confidently and receptively to a request to participate in a new activity. Finally,
Group Learning is a child’s ability to initiate appropriate action with other children without
outside direction. McDermott et al. developed the LTLS to improve the sensitivity of previous
learning behavior measures to show change within a given school year. It was also a goal to
convey more information from a single test.

The LTLS showed a possible improvement on the LBS in that it extracted more factors
while retaining reliability and validity estimates. However, only one published study examining
the internal structure of the LTLS was available at the time of this study. More research is
needed to evaluate this scale.

Previously, the LTLS had been examined with preschool children, its target demographic.
In the case of the LBS, the scale was extended down to include a younger sample. Perhaps, the
LTLS could be extended up to an older sample of students. To determine if the LTLS (LTLS;
McDermott, 2014) measures the same dimensions of learning behaviors in a sample of
elementary and secondary students, the LTLS was administered to teachers of K-12 students in
23 school districts in Illinois.

Method
Participants

Data were collected on a total of 313 K-12 students from 23 schools across the state of
Illinois. Teachers ranged in age from 22-65 years (M = 39.71; SD = 11.16) and their number of
years teaching ranged from 1-42 years (M = 13.71; SD = 9.22). There were 197 (92%) female

teachers and 16 (8%) male teachers. The majority of the teachers were White/Caucasian (98%)
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followed by Hispanic/Latino and Black/African American (1% each), and fewer than 1%
belonged to multiracial groups.

Table | presents demographic information for the rated children. A total of 213 teachers
from 23 schools in [llinois completed 313 LTLS forms. Distributions of ratings per grade were
highly similar. Grade 10 had the least ratings (10) while grade 3 had the most ratings (36).
Instrument

The Learning-to-Learn Scale (LTLS; McDermott, 2014) is a teacher report questionnaire,
derived from the Learning Behaviors Scale (LBS; McDermott, et al., 1999), that is designed to
measure student behaviors related to effective and efficient learning. It is composed of 55 items
that correspond to some of the 29 learning behaviors outlined in Anderson and Messick (1974).
Each item is rated on a 3-point scale (0 = Does not apply, 1 = Sometimes applies, 2 =
Consistently applies). These 55 items were found to produce 7 group factors, based on previous
research with preschool children; the factors were named Strategic Planning, Effectiveness
Motivation, Interpersonal Responsiveness in Learning, Vocal Engagement in Learning,
Sustained Focus in Learning, Acceptance of Novelty and Risk, and Group Learning.
Procedure

Prior to data collection, the study method and procedure was reviewed and approved by
Eastern Illinois University’s Institutional Review Board. Teachers were recruited via email and
asked to complete the LTLS by email. The teachers were invited to participate at will and
complete the LTLS on randomly selected students from their classrooms who they had been
observing for at least 50 school days. They were directed not to provide any student’s identifying

information in order to maintain anonymity. They completed the LTLS online using Qualtrics
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survey software. Data were stored on the password-protected Qualtrics program. Twenty-two
participants with missing data were deleted from the analyses.
Data Analyses

Due to the ordinal nature of the LTLS item ratings, polychoric correlations were
estimated using EQS (Bentler & Wu, 2012). Principal axis exploratory factor analyses were
employed in order to analyze reliable common variance from the LTLS item polychoric
correlation matrix using SPSS (Fabrigar, Wegener, MacCallum, & Strahan, 1999). The goal of
factor analysis is to reveal the structure of the variables within a scale. Multiple criteria were
examined in order to determine the optimal number of factors to retain including the Kaiser-
Guttman Unity-Eigenvalue rule (Guttman, 1954), scree test (Cattell, 1966), Horn’s Parallel
Analysis (1965), and theoretical convergence. Item factor saliency was determined using a
criterion of a minimum factor pattern coefficient of 0.40 (McDermott et al., 2011). Viable factors
were required to have at least 4 salient items per factor was set as an a priori requirement while
producing internally consistent factors (a > .70). Factors were obliquely rotated through Promax
(k= 4) in order to allow for correlated factors.

Higher-order EFA was performed using the first-order factor correlations and results
were converted using the Schmid and Leiman (1957) transformation. The Schmid-Leiman
procedure was used to partition item variance to the higher- and lower-order factors and the
residual common variance among items was apportioned to the lower-order factors using the
MacOrtho program (Watkins, 2004).

Following the Schmid-Leiman procedure, omega-hierarchical (wn) and omega-
hierarchical subscale (ous; Reise, 2012) coefficients were estimated. Omega-hierarchical

subscale is the model-based reliability estimate for the group factor with all other group and
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general factors removed. These omega estimations are more appropriate reliability indexes than
Cronbach’s coefficient alpha when considering a bifactor model, and therefore should be used
when exploring the reliability of a structural model (Rodriguez, Reise, & Haviland, 2015). The
omega estimates were produced using the Omega program (Watkins, 2013) and Cronbach’s

coefficient alphas were estimated using SPSS for comparison.

Results

Descriptive Statistics

Table 2 presents the smoothed polychoric and Pearson product-moment correlations and
descriptive statistics for the LTLS items. As expected, the polychoric correlations were higher
than the Pearson correlations for these ordinal item ratings. Univariate skewness estimates
ranged from -0.24 to 1.41; with none of the 55 items greater than |2.0l; univariate kurtosis
estimates ranged from -1.44 to 0.94 with none of the 55 items greater than |5.0|. These estimates
indicated that LTLS items were sufficiently normally distributed (Onwuegbuzie & Daniel, 2002;
West, Finch & Curran, 1995). Mardia’s (1970) normalized multivariate kurtosis estimate of
37.73, however, indicated these data were highly multivariately non-normally distributed
(Bentler, 2005). Communality estimates ranged from .44 to .79. The sample size was adequate
for EFA given the community estimates (Fabrigar et al., 1999).
Exploratory Factor Analyses

The Kaiser-Meyer-Olkin Measure of Sampling Adequacy of .931 far exceeded the .60
minimum standard (Kaiser, 1974) and Bartlett’s Test of Sphericity (Bartlett, 1954),)(2 =
18,707.32, p < .0001 indicated that the smoothed LTLS item polychoric correlation matrix was

not random. Initial communality estimates ranged from .707 to .892. Based on these analyses, it
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was deemed that data for factor analyses were appropriate (Fabrigar et al., 1999; Floyd &
Widaman, 1995; MacCallum et al., 1999). The eigenvalue > I criterion, as well as the SEscree
suggested retaining six factors while HPA suggested retaining three (see Figure 1). The visual
scree also suggested retaining three factors. Previous research had suggested retaining seven
factors (McDermott, et al., 2011). Extraction of seven factors produced factors containing too
few items (<4) with salient factor pattern coefficients and, working backwards, it was found that
a six-factor extraction also had too few salient factor pattern coefficients on the sixth factor to
meet the criterion. A five-factor solution produced the required > 4 salient factor pattern
coefficients and thus, this was the first examined solution. The five-factor solution satisfied all a
priori criteria.

Five-Factor Extraction

Table 3 presents first-order EF A results with five factors extracted illustrating 51 of the
5SS LTLS items had salient factor pattern loadings and four of the 51 had salient loadings on two
factors (cross-loading). First unrotated factor structure coefficients (g loadings) showed most
LTLS items were *“‘good” (41 items) or “fair” (11 items) indicators of general Learning-to-Learn
Behaviors and only 3 items were “poor” indicators according to Kaufman’s (1994) criteria (2.70
= good; .50-.69 = fair; < .50 = poor). Item associations in the present sample were compared to
the factors previously identified by McDermott et al. (2011).

Factor I included 21 total items with 7 from the LTLS Effectiveness Motivation (EM), 7
items from LTLS Strategic Planning (SP), 4 items from LTLS Sustained Focus in Learning (SF),
and one item each from LTLS Interpersonal Responsiveness in Learning (IR), Acceptance of
Novelty and Risk (AN), and not associated with a previous LTLS factor. Factor I1 included 13

total items with 6 items from LTLS Interpersonal Responsiveness in Learning (IR), 3 items from
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LTLS Acceptance of Novelty and Risk (AN), and one item each from LTLS Effectiveness
Motivation (EM), Strategic Planning (SP), and not associated with a previous LTLS factor.
There was also one item that cross-loaded and was from both Effectiveness Motivation (EM) and
Acceptance of Novelty and Risk (AN). Factor I11 included 7 total items with 6 from LTLS
Vocal Engagement (VE) and one item from LTLS Effectiveness Motivation (EM). Factor [V
included 6 total items with 2 items from LTLS Group Learning (GL) and one item each from
LTLS Vocal Engagement (VE), Interpersonal Responsiveness in Learning (IR), Acceptance of
Novelty and Risk (AN), and not associated with a previous LTLS factor. Factor V included 4
total items with 2 items from LTLS Group Learning (GL), and one item each from LTLS
Strategic Planning (SP), and not associated with a previous LTLS factor. Table 3 includes
coefficients alpha to estimate internal consistency of factors based on a salient patter coefficient,
which ranged from .74-.97.

Because the items loaded onto factors in a way that was conducive to naming factors, the
five-factor structure appeared to be the most logical for this sample. The factors were renamed.
Factor I combined previous factors Strategic Planning, Effectiveness Motivation, and Sustained
Focus in Learning and relabeled as Planning and Sustained Motivation in Learning (PM). Factor
I combined Interpersonal Responsiveness in Learning and Acceptance of Novelty and Risk so
relabeled External Responsiveness to Novelty and Risk (EN). Factor 11 was made up of mostly
Vocal Engagement in Learning (VE) and therefore retained the VE name. Factor IV mainly
included behaviors related to interpersonal interaction and was named Interpersonal
Responsiveness in Learning (IR). Factor V was mainly behaviors related to effectiveness in

groups and was renamed Group Learning (GL). The moderate to high factor correlations
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presented in Table 2 suggested the presence of'a more general Learning-to-Learn behavior factor
(Gorsuch, 1983; Thompson, 2004).
Four-Factor Extraction

Table 6 present first-order EFA results with four factors extracted illustrating that 49 of
the 55 LTLS items had salient factor pattern loadings and three of the 49 items had salient
loadings on two factors (cross-loading). First unrotated factor structure coefficients (g loadings)
showed most LTLS items were “good” (42 items) or “fair” (10 items) indicators of Learning-to-
Learn behaviors and only 3 items were “poor” according to Kaufman’s (1994) criteria (= .70 =
good; .50-.69 = fair; < .50 = poor). Item associations in the present sample were compared to the
factors previously identified by McDermott et al. (2011).

Factor I included 22 total items with 7 items from the LTLS Effectiveness Motivation
(EM), 7 items with Strategic Planning (SP), 4 items from LTLS Sustained Focus in Learning
(SF) and one item each from LTLS Acceptance of Novelty and Risk (AN) and Interpersonal
Responsiveness (IR), and 2 items not associated with any previous LTLS factor. Factor 11
included 12 total items with 5 items from LTLS Vocal Engagement (VE), 2 items each from
LTLS Group Learning (GL) and Strategic Planning (SP), and one each from LTLS Acceptance
of Novelty and Risk (AN) and Effectiveness Motivation (EM). One item was not associated with
any previous factor. Factor 111 included 12 total items with 7 items that were from LTLS
Interpersonal Responsiveness in Learning (IR), 2 items from LTLS Group Leaming (GL), and
one item each from Vocal Engagement (VE), Acceptance of Novelty and Risk (AN), and not
associated with any previous LTLS factor. Factor 1V included a total of 3 total items with one

item each from LTLS Acceptance of Novelty and Risk (AN) and not associated with any
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previous factor. One item was also cross-loaded onto Effectiveness Motivation (EM) and
Acceptance of Novelty and Risk (AN).
Second-Order EFA

Once it was determined that the S-factor model was optimal, the Schmid and Leiman (SL,
1957) procedure was used to investigate the hierarchical internal structure of the LTLS.
Employing the factor pattern coefficients from the obliquely rotated first-order EFA solution, the
SL procedure was applied using the MacOrtho program (Watkins, 2004). This technique
apportioned the common variance to the higher-order factor and then the residual common
variance was apportioned to the first-order group factors. Results of this analysis are presented
in Table 5, which shows that a general Learning-to-Learn behavior dimension accounted for
48.6% of the total variance and 75.7% of the common variance. At the first-order level, Planning
and Sustained Motivation in Learning (PM) accounted for an additional 4.1% of the total
variance and 6.4% of the common variance, External Responsiveness to Novelty and Risk (EN)
accounted for an additional 4.0% of the total variance and 6.2% of the common variance,
Interpersonal Responsiveness in Learning (IR) accounted for an additional 2.9% of the total
variance and 4.6% of the common variance, Vocal Engagement in Learning (VE) accounted for
an additional 2.5% of the total variance and 3.8% of the common variance, Group Learning (GL)
accounted for an additional 2.1% of the total variance and 3.3% of the common variance. The
first and second-order factors combined to measure 64.3% of the variance in the LTLS scores
resulting in 35.7% unique variance, which is a combination of specific and error variance.

Also seen in Table 6, Omega-hierarchical (on) and omega-hierarchical subscale
coefficients (ons; Reise, 2012) were calculated to estimate the reliability of the general factor

and subscales. The wn coefficient indicated that the general factor claimed a large portion of true
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score variance and is interpretable. The ons was estimated to allow for assessment of the internal
consistency of the general factor without the influence of specific group factors. Likewise, the
internal consistency of the specific factors can be examined excluding the influence of the
general factor and other group factors when wps is estimated. The omega coefficient is more
appropriate when estimating latent factor reliabilities in the presence of multidimensionality. The
omega hierarchical coefficient for a general Learning-to-Learn Behavior was high (.939),
indicating its capture of a large portion of unique true score variance. The omega-hierarchical
subscale coefficients for the five group factors were small (.136-.303), showing substantially less
unique true-score variance of unit weighted scale scores based on the items, that limits confident

interpretation of the unit weighted scores (Reise, 2012; Reise et al., 2013).

Discussion

The purpose of the present study was to examine the factor structure of the Learning-to-
Learn Scale (LTLS; McDermott et al., 2014) with a randomized sample of K-12 students. In
previous research, the LTLS was developed for use with a large sample of preschool students
only (McDermott et al., 2014), leaving a curiosity on the utility of the scale in an elementary and
secondary school sample. The present thesis sought to determine how many first-order factors
would be suggested based on a priori criteria, and how much item variance was apportioned to a
general hierarchical factor. These questions were guided by appropriate methods in determining
the internal structure of multidimensional constructs (Gorsuch, 1983, 2003; Thompson, 2004).
Learning Behaviors Scale Comparison

Compared to its predecessor, the Learning Behaviors Scale, the LTLS also did well for

the total LTLS score, maintaining acceptable alpha and omega coeftficients and strong internal
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consistency. Communality estimates for the LTLS were higher than those on the LBS. The
present study, however, found that a five-factor model was the best fit compared to the three- and
four-factor models typically found with the LBS. While this finding seems optimistic, results of
this study showed that a general Learning-to-Learn factor captured the largest portion of
variance. Additionally, the omega-hierarchical coefficient indicated that a total score would be
sufficiently reliable, but that the 5 group factors had omega-hierarchical coefficients that were
much too low and would not capture enough of the unique true score variance to be of use,
despite the relatively high alpha coefficients reported. If the larger number of items does not
offer good measurement of any of the subscales, it may not be a real improvement on the utility
offered from the LBS, because it may not offer better information.
Learning-to-Learn Scale Comparison

Results of Exploratory Factor Analysis (EF A) indicated a five-factor solution was
optimal for the Learning-to-Learn Scale in the present sample. In the initial study, McDermott et
al. (2014) extracted 7 factors through first-order EFA in the preschool sample the LTLS was
developed for. One explanation for the decrease in the number of extracted factors in the present
study is the lack of differentiation among older students. It may be possible that some behaviors,
which can be easily viewed and separated with the younger preschool students, consolidate with
age, making them more difficult to see and differentiate. Factor 1 was named Planning and
Sustained Motivation in Learning (PM), Factor Il was named External Responsiveness to
Novelty and Risk (EN), Factor I1l was named Vocal Engagement in Learning (VE), Factor IV
was named Interpersonal Responsiveness in Learning (IR), and Factor V was named Group
Learning (GL). All items except 4 loaded onto their theoretically consistent factors with only

four cross-loadings.
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Compared to the 7 factors originally reported, the current study collapsed some of the
factors, resulting in 5 factors. While Vocal Engagement in Learning, Group Learning, and
Interpersonal Responsiveness in Learning remained nearly the same and somewhat apart,
Strategic Planning and Effectiveness Motivation combined to create Planning and Sustained
Motivation in Learning. Acceptance of Novelty and Risk and some Interpersonal Responsiveness
in Learning combined to create External Responsiveness to Novelty and Risk. This finding may
be representative of conformity in older students. The K-12 sample may not have as many clear
differences as did the preschool-aged sample.

As the omega coefticients suggest, one general factor apportions most of the variance
leaving little to the group factors. This lends some information not previously seen in research.
Even though the S factor solution is the best model, there is little evidence that the group factors
have enough unique variance to be used for interpretation.

Limitations

With all studies come limitations. The sample of teachers came from rural school districts
in the Midwest. This limitation would mean that the results are not generalizable to the U.S.
population, or even to the state of Illinois. The demographics of students in the sample,
unfortunately, are not representative of the U. S. population, which restricts the results to being
generalized to a small area. The combined sample size of 313 cases allowed researchers to
analyze the data, but is still small for the study.

Replication of the current research may clarify some of the current findings. Items that
did not saliently load or loaded on more than one factor may be clarified in a larger and more
representative sample. Future research may also expand the number of factors extracted or

support the five-factor solution. EFA provides limited interpretation regarding the internal
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structure of a construct and conducting Confirmatory Factor Analysis (CFA) could shed more
light on the internal structure of the LTLS.
Conclusion

This study was an investigation of the internal structure of the Learning-to-Learn Scale
(McDermott, et al., 2011) in a sample of K-12 students. After EFA and Omega Analyses, the
results suggest that a five-factor solution is most appropriate and that most of the true score
variance is allocated to one general Learning-to-Learn factor, rendering the factor scores unfit for

interpretation.
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~@~Random Data —&—LTLS Sample Data (N = 313)
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Figure 1. Scree plots for Horn's Parallel Analysis for the Learning-to-Learn Scale

standardization sample.
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Table 1:
Student Demographics for the Convenience Sample (N = 313) rated on the
Learning-to-Learn Scales (LTLS)

Grade n Percent
K 27 9
1 18 6
2 24 8
3 36 12
4 33 11
5 29 9
6 25 8
7 26 8
8 22 7
9 22 7
10 10 3
11 18 6
12 21 7
Ethnicity

White/Caucasian 184 59
Black/African American 52 17
Asian American 17 5
Hispanic/Latino 40 13
Native American 11 4

Other 10 3
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