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ABSTRACT

Histograms of push-up and curl-up performances of middle school students show
that students stop at multiples of five more often than random processes suggest.
The natural question arises: do students who stop at these focal outcomes settle for
them or did they strive to achieve them? Erfle and Gelbaugh (2013) and Erfle
(2014b) argue that the latter is true and that these students are more motivated than
their less focal peers. This motivation to perform transfers across activities,
especially for focal push-up performers. The present chapter examines whether
students implicitly use other counting bases in their physical activity performances.
The relative performance of those who count by other bases are also examined.

A performance ending in a multiple of k may not be the result of an intentional
strategy of skip counting by ks. In the absence of student survey information
regarding skip counting strategies we must infer intentionality to perform using a
specific base from actual performance outcomes. As a result, one task is to define
intentionality to attain or avoid a specific outcome. If N students complete
performances and k is a counting base, then having more than N/k students who
end their performance in multiples of k provides prima fascia evidence of counting
by k. Similarly, having fewer than N/k students who end their performance just
below multiples of k offers further evidence of counting by k. Evidence of both
behaviors exists for a number of bases for both activities. Average performance
profiles for those who end in multiples of k as well as those achieving a remainder
of k-1 are examined as well.

INTRODUCTION

This chapter lays out a methodology for analyzing skip counting by various
bases. But this methodology was only conceived of because initial analysis of the
United States Service Academy at West Point Cadet data analyzed in the next
chapter suggested that, unlike middle-school students analyzed by Erfle and
Gelbaugh (2013) and Erfle (2014b), Cadets exhibit little proclivity for counting by



5s. Base 5 and 10 were the obvious choices given the focal spikes at multiples of 5
and 10 in the middle-school data analyzed in Erfle (2014b). These performances
are summarized by the histograms in Figure 1.

**xE** Figure 1 about here *****

Some physical activities require that performances end in a whole number,
n. This outcome can always be achieved as a result of counting by ones n times or
counting by n one time. If n is a composite number, then this outcome can be
achieved in multiple ways via skip counting by various bases.

Skip counting is counting by a number larger than one. This counting
technique is taught as a way to speed up manual counting, increase accuracy when
counting a large numbers of objects, and as a way to learn multiplication (Campbell
& Graham, 1985). A performance of 12 can be achieved as a result of skip counting
by 2s, 3s, 4s, 6s or 12s and 20 can result from skip counting by 2s, 4s, 5s, 10s or
20s. Both of these outcomes could, of course, also be attained simply as the result
of counting by ones. This chapter examines whether credible evidence exists that
suggests that students are using skip counting as they undertake physical activity
performances ending in whole number outcomes.

Erfle and Gelbaugh (2013) and Erfle (2014b) showed that students who
used focal counting on one event (remainder 0 upon division by 5 for push-ups;
remainder 0 upon division by 10 for curl-ups) were more likely to do so on another
event, or on the same event at a later assessment. They also found that students who
stopped at these focal endings outperformed their non-focal peers on fitness tests.
They found that males were more likely to be focal than females and that focal
proclivity increases with age.

Because motivation is unobservable, it must be inferred from indirect
measures. Some studies have relied on questionnaires to infer the nature of
motivation while others have suggested behavioral metrics for autonomous
motivation (Katz, Assor, & Kanat-Maymon, 2008; Mayer, Faber, & Xu, 2007).
Erfle and Gelbaugh (2013) argue that systematic focal behavior acts as one such
behavioral metric for autonomous motivation.

METHOD
Participants

Although this analysis was spurred by the lack of systematic behavior at
multiples of 5 in the Cadet data analyzed in the next chapter, the present analysis is
performed on a dataset that was created over a period of two academic years to
analyze the question: does 30 minutes of daily physical education, PE, impact the
fitness and obesity status of middle-school students relative to those do not have
daily PE? Erfle (2014a) and Erfle and Gamble (2015) provide answers to that
question. Those articles lay out in detail the attributes of the Pennsylvania
Department of Health/Active Living Research Active Schools Program, ASP,
dataset. The basic attributes of that data is described below.



The Pennsylvania Department of Health instituted the ASP to encourage
daily physical activity among middle-school students. Participating schools agreed
to institute a regimen of at least 30 minutes of daily PE and to assess physical fitness
and weight status at the start and end of the academic year. The Robert Wood
Johnson Foundation funded a control school analysis of the ASP program through
Active Living Research Rapid Response Grant #68311. Control schools
administered the ASP assessment protocol at the start and end of the academic year
but otherwise maintained their regimen of non-daily PE. The combined ASP and
control schools dataset had 10,206 students from 39 schools with complete fall and
spring information (the curl-up and push-up performances of these individuals is
shown in Figure 1). The present analysis is restricted to the 9,345 students who
performed at least one curl-up and one push-up for the fall and spring assessments.

Procedure

Excel was used for data cleaning and SPSS was used for statistical tests.
Tests include chi-square tests, independent sample t tests and one-way analysis of
variance tests paired with the LSD method of multiple comparisons. This chapter
uses p < 0.05 to test for statistical significance.

The first task is to consider how to describe specific systematic behavior

when that behavior can be the result of multiple skip counting options as well as
counting by ones.
Proclivity revisited. Erfle and Gelbaugh (2013) distinguished two aspects of focal
performance: proclivity and performance. Proclivity was interested in assessing the
issue of whether random processes could have led to the outcome under
consideration. Specifically, do push-up performances end in multiples of 5 and curl-
up (also called sit-ups) performances end in multiples of 10 more often than random
processes would suggest. Performance examined whether those who stopped at
these focal outcomes performed differently from those who did not on various
events.

The spikes in the histograms from Figure 1 provide visual proof that
students count by 5s more often than random processes would suggest but formal
tests of this proposition confirm the visual image. More importantly, tests confirm
that being focal on one event makes it more likely that the individual would be focal
on the other event. Erfle and Gelbaugh (2013) showed that those who were focal
on both events ran the mile about fifteen seconds faster than those who were not.
This result was significant at the 5% level. By contrast, being focal on one event
was not a significant positive predictor of mile performance. They concluded that
systematic behavior was required for benefits that move across activities. Erfle
(2014b) added a second assessment thereby doubling the number of events
examined and increasing by a factor of four the number of possible methods of
achieving systematic focal behavior. He showed that systematic focal push-up
performances are more indicative of cross-activity superior performance than
systematic focal curl-up performances.

Once we consider multiple bases we need to create a methodology for
comparing across bases. One method to compare across bases is to use standardized



residuals. A residual, r, is the actual number of members of a partition bin, g, minus
its expected value, E, or r = g — E. A standardized residual, s, is used to standardize
these deviations (i.e. residuals) across different sized expected values. It is defined
as:

s =1/E%® (1)
In statistics, the sum of squared standardized residuals equals chi-square. A chi-
square test allows one to examine whether there are systematic differences across
cells in a partition of data relative to expectations. This test statistic treats positive
and negative residuals symmetrically. We now propose a measure which treats
positive and negative residuals asymmetrically in order to have a symmetric
measure of how intentional are the residual values. This is the notion of
intentionality to which we now turn.
Defining Intentionality. We can ask the question, how much intentionality can be
seen with regard to counting by base k in a given sample of N students. There are
k possible remainder groups when a score is divided by k. Each student will
populate a remainder group even in the absence of skip counting tendencies.

A simple example will help clarify the situation. Suppose no students have
a counting strategy. In this event, we would expect half of the students to stop at
even numbers (remainder group 0) and half to stop at odd numbers (remainder
group 1), at least that should be the result for large samples. A chi-square test
readily confirms whether significant differences exist between remainder groups
but we are left to wonder how much of the difference is due to intentional behavior
and how much is due to random behavior. If 50% of students ended at even
outcomes then we could infer that no intentionality was involved because this is
what we would expect to happen under the assumption of random processes.
Conversely, if all students ended at even outcomes then we could infer full, or 100%
intentionality. Between these bounds we can infer partial intentionality.

Scenario I: Suppose 70% of the students end at even outcomes.
It would be inappropriate to say that 70% of students planned to stop at even
outcomes because 50% would be expected to end there as a result of random
processes. A more appropriate view is to say that 50% are due to random processes
and the remaining 20% are intentional in nature. This would imply that 40% of all
students were intentional, not 20%. The reasoning is straightforward, assume that
all 40% of students who counted by twos ended up at an even outcome. Half of the
remaining 60% would also end up at even outcomes as a result of random processes,
yielding 70% of all students ending at even outcomes in this instance (70% = 40%
+ 60%/2).

More generally, if we consider counting by base k with N students, then we
would expect E = N/k students in each of the k remainder group bins fromi =0, 1,
..., k-1 based on random processes. If we let g be the actual number of students in
a bin the residual for that binisr=g-E.

For r > 0, intentionality to attain this outcome is:  1=r/(N-E). (2)
For r <0, intentionality to avoid this outcome is: 1 =Tr/E.



Note that if g = N then | = 100% and if g = E then | = 0%. If g = 0 then complete
avoidance is attained, | = -100%, and if g = E there is no avoidance, | = 0. Put
another way, intentionality ranges from -100% to 100% as g ranges from O to N.
Unless each of the k remainder groups have exactly the expected outcome, then
there will be at least one positive remainder group and one negative remainder
group. There will also be a positive chi-square value which is evaluated with k-1
degrees of freedom to see if significant differences exist across remainder bins.

Our initial interest is in how intentional are remainder zero outcomes
because this represents clear counting by k. If the zero remainder group has a
positive bin residual then of secondary interest is whether there are systematic
differences in the other k-1 non-zero remainder groups, 1 to k-1. For example, if
just above (remainder group 1), or just below (remainder group k-1) is
systematically more or less likely to occur than expected on the basis of random
processes then this provides further evidence of systematic counting by base k.
Consider two scenarios with 1,000 students and skip counting by k = 5.

Scenario I1: go =600 and 100 are in each of the remaining four remainder

groups.
This represents 50% intentionality to attain 0 (.5 = 400/[1000-200]) and 50%
intentionality to avoid each of the other remainder groups (-.5 = -100/200).

Scenario I11: go =600, g1 =g4 =0, and g2 = gz = 200.

Now there is 100% intentionality to avoid just above and just below outcomes, no
intentionality with regard to the two “middle” values 2 and 3, as well as 50%
intentionality to attain multiples of 5. Certainly Scenario Ill exhibits greater
evidence of intentionality to count in 5s than was exhibited in Scenario Il but it
would be hard to place a single number on this result.

It is worth noting that a performance of zero on an event would be counted

in the zero remainder group for all counting bases. Including performances of zero
would bias the size of the zero remainder group. In order to avoid this bias, as noted
above, the analysis is restricted to the 9,345 students who performed at least one
repetition on each event. A similar strategy is followed in the next chapter with the
Cadet data.
Restricted intentionality. A second way to analyze the intentionality of the
nonzero remainder groups when the zero remainder group exhibits intentionality is
to redo the intentionality analysis restricted to the nonzero remainder groups. Let
go be the actual count of students who are focal with regard to k and suppose go >
E so that there is some intentionality to count by ks. The remaining N — go students
are not focal with regard to k. Given k — 1 nonzero remainder groups, the expected
outcome in a nonzero groups based on random processes across nonzero remainder
groups is Enz = (N — go)/(k-1) and the restricted nonzero remainder is rn; = g — Enz.
Restricted intentionality, Ir, is:

For rnz > 0, restricted intentionality to attain an outcome is:
IR = rnz/(N —Jo — Enz).
@)

For rnz <0, restricted intentionality to avoid an outcome is:
Ir = rnz/Enz.



Consider once again Scenarios Il and 11 using restricted intentionality. In

Scenario Il, Ir = 0% for all four remainder groups because each equals the nonzero
expected value, En; = (1000 — 600)/4 = 100. Ir = 0 using both equations because
the restricted remainder is zero when g = En;. In Scenario |11, groups 1 and 4 have
100% restricted intentionality to avoid but the restricted intentionality to achieve
for groups 2 and 3 is Ir = (200 — 100)/(1000 — 600 — 100) = 33% rather than 0%
using the unrestricted definition of intentionality in Equation 2. It is worth
emphasizing that restricted intentionality is conditional on go.
Performance profiles of skip counters. One can test for proclivity of counting
bases for push-ups in bases beyond 5 but the level of difficulty of performing this
particular activity is such that larger bases appear unreasonable from a practical
perspective. The mean push-up performance for the 9,345 students doing at least
one repetition on each event was 15.2 in the fall and 18.4 in the spring (with
medians of 13 and 16). Focal performers with bases larger than 5 would have at
most two focal opportunities prior to reaching median performance. By contrast,
mean curl-up performance was 36.1 in the fall and 40.8 in the spring (with medians
of 35 and 40) meaning that bases as large as 11 allow at least three focal
opportunities prior to reaching median performance.

For certain bases, the fact that we have focal counting in excess of random
processes for a given base may not provide useful performance information because
the base is simply too large relative to the size of average performance. For
example, 770 students in the fall and 831 students in the spring end their push-up
performance in multiples of 15, 147 and 208 more than the 623 = 9345/15 expected
on the basis of random processes (these focal outcomes have standardized residuals
of s = 5.9 in the fall and s = 8.3 in the spring making base 15 the third largest
remainder group). It is not surprising to find that the mean push-up performance for
these students exceeds the mean push-up performance by those whose fall push-up
performance did not end in a multiple of 15 (meanraiirocal,15 = 22.8, Meanraiinotrocal, 15
= 14.6, and meanspringrocal, 15 = 24.4, Meanspringnotrocal,1s = 17.8). This result is
tautological in the fall because the counting base exceeds the mean performance of
the rest of the students. No bases other between 5 and 15 other than 10 have
proclivity levels exceeding that obtained from random processes for push-ups.

RESULTS
Proclivity of various bases

Figure 2 describes proclivity results for push-ups and curl-ups for both the
fall and spring assessment. The upper four panels show standardized residuals for
all counting bases k from 2 through 10 and the lower panel summarizes this
information on a single intentionality graph using the above definitions. As noted
in the previous section, one should consider skip counting push-up performances
by bases above 5 with caution due to mean performance levels for push-ups. For
no counting base between 5 and 10 is the remainder zero residual positive for push-



ups. For curl-ups, 8 exhibits positive proclivity and both activities exhibit
intentionality for counting by 2 and 4 due to positive residuals for remainder zero
for those bases.

Intentionality. Unsurprisingly, bases 5 and 10 exhibit the greatest intentionality to
achieve a focal outcome with intentionality values between 13% and 17% for base
5 and 8% to 11% for base 10. The only other base exhibiting focal intentionality in
this range is base 2 where intentionality values range from 5% to 9%.

**xE** Figure 2 about here *****

Equally important is the pattern of negative residuals for the just below
remainder groups. Especially impressive are the magnitudes of negative remainders
in the base 5 and base 10 situations. In the base 10 scenario, there is a positive
residual for remainder group 5 (i.e., ending at 5, 15, 25, etc.) but negative residuals
for remainder groups 4 and 6 through 9 for all four events. The residual gets more
and more negative as the remainder group approaches 9. Intentionality to avoid 9
is 30% to 35% for curl-ups and 45% to 50% for push-ups. In both instances, this
avoidance is greater in the spring than the fall. In general, intentionality to avoid is
greater than internationality to attain. This is not surprising when one considers the
greater magnitude that a positive residual must be relative to a negative residual to
exhibit the same percentage intentionality, especially when one is considering large
counting bases.

Figure 3 compares focal (remainder zero) with just below (remainder k-1)
by bases from 2 to 11. This is viewed from three different perspectives in Figure 3:
(a) standardized residuals, (b) contribution to chi-square, and (c) intentionality.
Focal base 3, 7 and 9 for push-ups have among the highest contributions to chi-
square from the focal remainder group (except for 5 and 10) and each of these
counting bases has a negative standardized residual for this outcome. Just below
avoidance is greatest for counting by bases 5 and 10. Finally, note that for each
event, the focal residual for base 11 is negative.

*x*x* Figure 3 about here *****
Restricted Intentionality. As Figures 1 through 3 show, counting by 5s and 10s
are the two most important counting bases for this data. Figure 4 provides an
analysis of restricted intentionality for these counting bases. All three columns
remove remainder O outcomes and examine how the nonzero remainder outcomes
are distributed relative to one another. The left column of figures depict restricted
intentionality in counting by 5s. The middle and right columns depict counting by
10s. Because counting by 10s has, as a half-way point, counting by 5s this is viewed
in two methods in Figure 4, the middle panels exclude remainder O but include
remainder 5 and the right column panels exclude both remainders 0 and 5.

***%* Figure 4 about here *****

In each setting, the early remainder outcomes have greater restricted
intentionality than the larger remainder outcomes. Each of the 12 chi-square tests
(4 Event x 3 versions of nonzero remainder) are significant at the p <.001 level —
there are significant systematic differences across nonzero remainder groups. In the
middle panels we note that 30% to 66% of the chi-square contribution is based on
the remainder 5 group. Clearly, some substantive fraction of individuals count by
5s and stop at odd multiples of 5 and restricted intentionality to attain this remainder



stands at 5% to 7% depending on event in the middle panel of Figure 4, Part c. Once
remainder 5 is removed and we focus on remainders 1-4 and 6-9 in the right column
panels we see that the only remainders that have greater than average chi-square
contribution are 1, 2, and 9 for push-ups and 2 and 9 for curl-ups. In each instance,
1 and 2 exhibit restricted intentionality to attain and 9 exhibits restricted
intentionality to avoid. Avoidance of remainder 9 stands at 18% to 21% for curl-
ups and 37% to 39% for push-ups. Put simply, many people who are at a last digit
of 9 apparently push themselves to do an extra repetition in order to end in a
multiple of 10 rather than end in 9, 19, 29, etc.

Skip counting by 5 and 10. The tendency to end in multiples of 5 and 10 can be
thought of as the outcome of skip counting by fives. Ten turns out to a more
important outcome than five, a result that can be seen using cross-tabs shown in
Table 1. Most basically, this table is organized with an upper half and a lower half.
The upper half examines even/odd comparisons and the lower half deals with
bottom half/top half (remainder 0-4 versus 5-9 when divided by 10). Shaded
portions in each relate the two halves to one another (so that the shaded cells in the
upper half are the left column in the lower half and visa-versa). Cell counts and
standardized residuals for a number of comparisons are provided within the table
so it is worth pointing out the various tests that are considered within Table 1. There
are a total of 40 chi-square tests reported in Table 1, 10 for each of the four events.
Half of the tests include remainders 0 and 5 and half exclude remainders 0 and 5
upon division by 10. The former tests are in the five rows starting with 0-4 Total
and the latter are in the five rows starting with 1-4 Total. Statistically significant
chi-square tests and their associated standardized residuals are shown in bold. All
told, 34 of the 40 tests are statistically significant, 29 of them at the p <.001 level.

**x** Table 1 about here *****

By comparing chi-square tests with one another, we can see which cross-
tabs exhibit the greatest deviation from independence across cells. Although each
of the 1 x 4 chi-square values are significant at the p < .001 level, they are
substantially lower than the 1 x 5 chi-square values. This suggest that much of the
systematic difference across base 5 remainder cells is due to the remainder zero
cell. This is confirmed in the even/odd 1 x 2 chi-square comparisons where all four
are significant a p <.001 with 0 and 5 included, but only one of four is significant
(fall curl-ups) once these values are excluded. The 1 x 2 chi-square comparisons in
the bottom portion show that push-ups have a greater bottom/top effect than curl-
ups, as expected given the difficulty of push-ups relative to curl-ups when viewed
through a base 10 lens. Removing remainders 0 and 5 causes a larger change in
standardized residual value for curl-ups than push-ups. When comparing 1 x 2 chi-
square between even/odd versus bottom/top, we see a greater divergence (larger chi
square value) for bottom/top than even/odd although that difference is more
dramatic for push-ups than curl-ups. By contrast, when comparing 2 x 5and 2 x 4
chi-square between even/odd versus bottom/top, we see a greater divergence for
even/odd than bottom/top although that difference is more dramatic for push-ups
than curl-ups.

In each of the four even/odd 2 x 5 cross-tabs the (0, 0) cell has a large
positive residual relative to the (1, 0) cell. This is true even for push-ups despite the



overall trend in push-ups that is skewed towards small performance outcomes. The
same is true in the bottom/top 2 x 5 cross-tabs for both curl-up performances but
not both push-up performances. The lone 2 x 5 chi-square that fails to achieve
significance is push-ups in the spring using bottom/top as the “2” part of 2 x 5. This
says that once one controls for bottom/top considerations, there are no significant
differences across base 5 remainder groups (although with p = .053 one could call
this result marginally significant). We see this same result in the restricted
intentionality patterns in Figure 4. It is worth noting, however, that the 1,825 in the
(0-4, 0) cell is less than expected using this categorization scheme (s = -0.3) but
each of these students achieved at least 10 push-ups in order to be in that cell. By
the same token, using an even/odd categorization, these 1,825 members of the (0,
0) cell are more than expected (s = 3.7) for that cell (because the even values in the
0 column of the 2 x 5 spring push-up even/odd cross-tab included last digit 6 and 8
rather than the more populated bottom values in the 0 column of the 2 x 5 spring
push-up bottom/top cross-tab of 1 and 3).

Performance across various bases

Even in the absence of proclivity for counting by a specific base, we can
examine whether performance varies across remainder groups for the Own-activity
x Time as well as across other activities or times. Erfle (2014b) showed that base 5
focal push-up performances were associated with superior performance across
events to a greater extent than were base 10 focal curl-up performances. For the
reason discussed above, we restrict our attention here to bases 2-5 and 10 for push-
ups.

Performance by all remainder groups. Figure 5 presents performance by
remainder group in three panels, one for each physical activity. Mean value with
95% confidence interval whiskers for each remainder group are shown in four rows,
the top two show fall performance and the bottom two show spring performance.
The first and third rows describe fall focal remainder groups and the second and
fourth show spring remainder groups. Own-event scenarios are shaded in the first
two panels (the second half of rows 1 and 4 in the curl-up panel show fall and spring
curl-up remainders, respectively but the first half of rows 1 and 4 in the push-up
panel show fall and spring push-up remainders, respectively).

*xxE** Figure 5 about here *****

The performance difference uncovered for base 5 push-ups in Erfle (2014b)
relative to curl-ups base 10 appears to hold for other bases as well. Consider, for
example, the effect of being focal base 4 for push-ups versus curl-ups on mile
performance. In each row, the mean mile performance in remainder group O is
lowest and the highest is remainder group 1 with groups 2 and 3 being stepped
down in between these bounds. By contrast, no substantive systematic pattern
emerges for base 4 focal curl-up remainder groups with regard to mile run
performance. Another interesting general trend in Figure 5 is that focal performance
appears to have the highest mean performance for most bases, but a very common
next highest mean is the Just Below remainder group. As shown in Figure 2, this
remainder group exhibits the greatest intentionality to avoid. But those who end in



remainder k-1 appear to have superior performance to other groups except the focal
remainder group O.

Performance by the Focal, Middle, and Just Below partition. Rather than
examine the difference between means for all remainder groups for each skip
counting base we simplify the analysis by partitioning the data into a three
remainder group partition: the Focal bin comprised of students having remainder 0
when the event performance is divided by k, the Just Below bin has remainder k-1
when the event performance is divided by k and the Middle bin (for k > 2) has
remainders 1 to k-2 when the event performance is divided by k. The proclivity of
the first two of these remainders was examined above in Figure 3. Figure 6
examines the relative performance on each activity using this three-way partition
for the same bases covered in Figure 5. Three panels are shown, one for each of the
two-way difference between means test comparisons. The three comparisons are
(a) Focal — Just Below, (b) Focal — Middle, and (c) Just Below — Middle in Panels
6a through 6c¢, respectively. In each panel, a separate graph is shown for each
activity with own-event focal performance differences shaded in Panels 6a and 6b;
all other portions of each panel examine cross-event mean differences.

**xE** Figure 6 about here *****

Systematic differences emerge across the three-remainder partition.
Because the general view from Figure 5 is that Focal performers have the highest
mean performance followed by Just Below performers, the pair-wise difference
between means comparisons in Figure 6 depict the expected dominant performer
as the minuend (number that is to be subtracted from) in each panel (i.e., Focal is
minuend in Panels 6a and 6b and Just Below is minuend in panel 6¢). We see
superior performance (positive mean differences on curl-ups and push-ups and
negative mean difference on mile run [center of the difference between means 95%
CI whisker]) for 72% of the 168 comparisons in Figure 6a, 74% of the 144
comparisons in Figure 6b, and 58% of the 144 comparisons in Figure 6¢. Many of
these differences are significant (i.e. the entire whisker is on one side of O or the
other). Given the large number of comparisons shown in this figure, the results are
summarized in tabular fashion in Table 2.

Table 2 is organized by focal performance with push-ups in the top half then
curl-ups in the bottom half of the table. Within each half, rows are organized by
activity (curl-ups, push-ups, mile run). Own-event performances are shown in gray-
scale in Figure 6 and Table 2 and are separated from cross event performances for
the same activity. The three panels of Figure 6 are shown as the three vertical thirds
of Table 2. Each third is comprised of three columns which show the percent of all
comparisons exhibiting this differential performance pattern. First, when a
performance whisker is completely above the horizontal axis for push-ups and curl-
ups or below the horizontal axis for mile run, then the minuend dominates the
subtrahend. Second, when the reverse holds true, the subtrahend dominates the
minuend. Third, when the whisker crosses the horizontal axis, no significant
difference is observed. The number of comparisons for Figure 6a are shown to the
right of the first three columns in Table 2 and between the second and third thirds
for Figure 6b and 6c.



To clarify the organization, consider the 25% of comparisons in Figure 6a
that show no significant difference for curl-ups given focal push-ups (the third entry
in the first third of the first row in Table 2). These five comparisons (5 = 25% of
20) are the ones in the Focal push-ups portions of the curl-ups graph of Figure 6a
that cross the horizontal axis. These five comparisons are: (a) focal push-ups in the
fall base 4 for fall curl-ups, (b and c) focal push-ups in the fall bases 3 and 4 for
spring curl-ups, and (d and e) focal push-ups in the spring bases 4 and 10 for fall
curl-ups. The remaining 15 curl-up performance comparisons (15 = 75% of 20) of
Focal versus Just Below show that Focal push-up performers dominate Just Below
push-up performers on curl-ups (each of these 15 comparisons have whiskers that
remain above 0).

**x** Table 2 about here *****

Figure 6 and Table 2 show the asymmetry that exists between skip counting
on push-ups versus curl-ups. Note that for none of the focal push-up comparisons
does the subtrahend dominate the minuend across the three panels (i.e., the perverse
result examined in the middle column of each third). By contrast for focal curl-up
comparisons, Just Below dominates Focal 5.6% of the time across activities in
Figure 6a, Middle dominates Focal 10.4% of the time across activities in Figure 6b,
and Middle dominates Just Below 16.7% of the time across activities in Figure 6c.
Focal push-ups comparisons on push-up performance exhibit significant
comparisons every time (20 out of 20 comparisons in Figure 6a and 16 of 16
comparisons in Figure 6b). In Figure 6¢, 5 of 8 own-event and 3 of 8 cross-event
push-up comparisons show dominance by Just Below relative to Middle.
Symmetric significant differences are much less common for those with focal curl-
up performances. Own-event curl-up performances show dominance by the
minuend 38.9%, 43.8%, and 37.5% of comparisons in Figures 6a, 6b, and 6c,
respectively. Additionally, these smaller dominant performances are balanced by
subtrahend dominant performances of 16.7%, 18.8%, and 37.5% of comparisons in
Figures 6a, 6b, and 6c¢, respectively.

One may argue that the mile run provides the best indicator of overall
benefit of focal counting because this activity is not related to either activity used
to define focal counting. The mile run is necessarily a cross-event to both curl-ups
and push-ups. Nonetheless, in each panel of Figure 6, the percent of comparisons
with minuend dominance is greater for focal push-ups than curl-ups (65% versus
13.9%, 93.8% versus 9.4%, and 50% versus 6.3% in Figures 6a, 6b, and 6c,
respectively).

Comparing Prime and Composite Outcomes

One of the difficulties with the above analysis is that performances ending
in a composite number may be achieved as a result of skip counting using multiple
bases, as well as simply counting by ones. The same cannot be said if the
performance ends in a prime number.

We now turn to an analysis of the proclivity and relative performance of
prime versus not prime performance outcomes. Each of the four events are
examined separately in this analysis. Various subsampling methods are used to



examine this topic from multiple perspectives. For each subsample, proclivity is
measured relative to the number of possible outcomes of each type in the range, not
relative to the actual number of outcomes of each type achieved under each option.
For example, the prime number 113 and the composite number 116 are both
possible outcomes in the sense that both numbers are below the maximum
performance for each of the four events. Although a possible outcome for each
event, neither number was an actual outcome in any event. Rather than exclude
outcomes that did not occur for a given event, all possible outcomes were
considered when determining whether actual outcomes are distributed randomly
between prime and not prime values within the range for a given sample (not prime
numbers are composites together with 0 and 1). Consider, for example, the Full
sample fall curl-up performances. There are 202 possible outcomes between 0 and
201, 46 of which are prime and the remaining 156 are not prime. Students actually
achieved 106 of those performance outcomes 25 of which were prime and the
remaining 81 were not prime.

The first subsampling technique examines the difference between counting
possible outcomes versus actual outcomes by removing high performance outliers.
Specifically, the upper bound is the largest value having at least one student
perform at this level and at all prior levels (so that the upper bound for fall curl-ups
is 76 because no student performed 77 curl-ups in the fall and at least one student
performed all outcomes prior to 77). This subsampling technique has no distinction
between possible and actual prime versus not prime outcomes because all outcomes
occurred in this unbroken series. This technique reduced the sample by less than
1% in each instance. A second subsampling technique, Full not 0, uses the 9,345
students achieving at least one repetition on all four events. This is the only
subsample in Table 3 that is common across events and is the same subsample
examined in Tables 1 and 2 and Figures 2-6 above.

Figure 2 and Table 1 have provided evidence of significant proclivity of
counting by 2, 5 and 10. As a result, the next subsampling method includes only
performances ending in odd numbers other than 5 (i.e., 1, 3, 7, or 9). This reduces
the sample by 69% to 70% with the remaining performances being either an odd
prime other than 5, or odd multiples of odd bases, or 1. A fourth subsample
examines performance by students in the top half of each event by using median
performance as the lower bound. Two subsamples exclude outliers on both ends of
the performance spectrum by approximately equal percentages (of 10% and 20%).
The final subsampling technique uses the second composite number, 6, as the lower
bound (to avoid the first counts of 2, 3, 4, and 5) and adjusts the upper bound of
included performances by explicitly using the largest prime performance as the
upper bound. This subsampling technique excludes approximately 1% of curl-up
performances and 25% of push-up performances. The reason for this difference is
straightforward: 27.6% of fall push-up performances and 21.8% of spring push-up
performances are less than six but 1.2% of fall curl-up performances and 0.8% of
spring curl-up performances are less than six. Table 3 provides the proclivity and
relative performance results of not prime relative to prime performance outcomes.
The first half of the table examines fall performances and the second half examines
spring performances.



**x** Table 3 about here *****

Table 3 examines 32 two-way comparisons, eight for each of 2 Activities x
2 Assessment times. If we expect students to use skip-counting by various bases,
then performances ending in a prime number should occur less often than those
ending in not prime outcomes. Put another way, we should expect the prime
residual to be negative and prime solutions will exhibit intentionality to avoid. This
is true for 13 of 16 curl-up subsamples, 12 of which are statistically significant
according to a chi-square test. Two of the three subsamples with perverse curl-up
proclivity (shaded in grayscale) are the Odd not 5s subsamples. Both exhibit
significant differences. Note further that the Odd not 5s subsamples are the only
ones where prime possibilities exceed not prime possibilities. By contrast, less than
half of the push-up subsamples exhibit the expected proclivity results (five of which
are statistically significant). Only three of the subsamples exhibit proclivity in the
expected direction for both assessment times: the Median or above subsample, the
20% Trimmed subsample, and the Largest prime subsample. Across assessment
times and activities, the largest intentionality to avoid a prime outcome is obtained
by curl-ups in the Unbroken series subsample and the largest intentionality to attain
a prime outcome is push-ups in the Odd not 5 subsample.

To the extent that skip counting acts as a behavioral metric for intrinsic
motivation and increased performance, we would expect performance differentials
to tilt in the not prime direction. This should occur even in the absence of evidence
of intentionality to avoid prime performance outcomes. We would expect positive
mean differences in the third from bottom row of both panels of Table 3 given the
mean difference is defined as:

AMean = Meannotprime — Meanprime. (4)

This mean difference is positive for 12 of 16 subsamples in the fall assessment and
for all 16 subsamples in the spring assessment. When we look across events for a
given time period, the push-up differential is larger than the curl-up differential for
7 out of 8 comparisons for each assessment. This happens despite mean
performance levels for push-ups being less than half the size of curl-up performance
levels in all but the Median or above and the Largest prime subsamples. When we
reverse course and look at differential performance across time for a given
subsample and activity, we see that spring performance differential is larger than
fall differential for 7 out of 8 comparisons for each activity.

CONCLUSION

With the definition of intentionality proposed in Equation 2 above, we see
strong support (intentionality greater than 10%) for focal counting by 5 and 10 and
weak support (5% to 10%) for counting by 2. Students end at multiples of 3, 7 and
9 less often than random processes would suggest for both activities (meaning that
the residual is negative) and students end in multiples of 6 and 8 more often than



random processes suggest for curl-ups but less often for push-ups. In none of these
instances does intentionality to achieve the focal outcome attain 5%.

The present chapter provides further evidence in support of the assertion by
Erfle and Gelbaugh (2013) that focal counting acts as a behavioral metric for
intrinsic motivation. Focal performers using various bases for focal counting do, in
general, out-perform their non-focal peers on own-event performances. On cross-
event performances, focal push-up performers outperform their non-focal peers on
other activities but the same cannot be said of focal curl-up performers. This is
consistent with the activity asymmetry observed by Erfle (2014b).

One striking result from the intentionality analysis is the degree to which
students avoid just below remainder outcomes. This avoidance is common across
even counting bases from 2 to 10 as well as 5 and it appears to be the most strongly
avoided outcome in each instance. The only bases where the just below outcome
has a positive residual is base 3 (for all events), base 7 for spring push-ups and base
9 for fall curl-ups. For each of these bases, the focal (remainder 0) residual is also
negative for all four events meaning that there is no evidence of intentional counting
by these bases. Note further that each of these bases is odd. In this instance, the just
below outcome is even half of the time. By contrast, for even bases, the just below
outcome is always odd.

An interesting question is whether those who end at just below outcomes do
S0 as a result of striving for the outcome one repetition higher but simply are not
able to achieve that outcome. If that achievement gap occurs because the student
has reached his or her performance boundary, then that student’s performance may
be higher than those who did not attempt to obtain the focal outcome. Difference
between means tests confirm that just below performers dominate middle
performers rather than the reverse, especially for push-ups.

Erfle and Gelbaugh (2013) and Erfle (2014b) established that middle school
children count by 5 and 10 more often than would be expected based on random
processes and that those who did count by 5 and 10 outperformed their non-focal
peers. This chapter has provided modest evidence that this extends to other bases
as well. This chapter also provides a simple way to calculate how intentional such
counting structures are. It has also provided evidence that just below skip counting
performers may well have been skip counting students who simply reached their
performance boundary.



Figure 1. Performance of 10206 Middle School Students on Two Events at Two Assessment Times
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Figure 2. Proclivity Analysis of Counting by Various Bases, k, For Push-ups (P) and Curl-ups (C) in Fall (F)
and Spring (S)
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by counting base k. All Chi-Square except CF3 are significant at p <.001, XZCF3 =8.9, p=.012. N =9,345.



Figure 3. Proclivity of Focal and Just Below Counting by Base k from k=2 to k =11 on Four Events
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Figure 4. Proclivity of Last Digits Other than 0 or 5 on Four Events
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Figure 5. Mean Performance and 95% Cl on Six Events by Remainder Group i for Counting by Various Bases k for Curl-ups (C) and Push-ups (P) in Fall (F) and Spring (S)
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Figure 5 (continued)
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Figure 5 (continued)

12 c) Mile run
11_';/": Ir I r
RN AR b {{{{ R sl g Erpn Ll r b Eeer DI frrrf gortr |t {r{ ,Ir{tl{rr.
Eof e . il L A A A R A A O T A S Y
10.5 T {
1o lofal2] [olal2f3] [ofa[2ls[a] lo[a/2ls[afss[7[sl] fola] lo[al2] lofa[2la] lo[ala[3[a [o[[2[3[as| [olule[slals[e] [o[s[2ls[als]e[7] [ofa[2ls[a[sle[7[s] [o[]z[3[als]e[7]e]o
/k PF/2| PF/3 PF/4 PF/5 PF/10 CF/2| CF/3 CF/4 CF/5 CF/6 CF/7 CF/8 CF/9 CF/10
12? gileie [y byl Lt{{¥{[{r it L g Liopr et rpplr ErdE oty r{{{{.ri et
0 P P 51 A 1 S A S0 1S M
1oi 0‘1‘ 0‘1‘2‘ 0‘1‘2‘3‘ 0‘1‘2‘3‘4‘ 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘ 0‘1‘ 0‘1‘2‘ 0‘1‘2‘3‘ 0‘1‘2‘3‘4‘ 0‘1‘2‘3‘4‘5‘ 0‘1‘2‘3‘4‘5‘6‘ 0‘1‘2‘3‘4‘5‘6‘7‘ 0‘1‘2‘3‘4‘5‘6‘7‘8‘ 0‘1‘2‘3‘4‘5‘6‘7‘8‘9
/k|PS/2| PS/3 PS/4 PS/5 PS/10 CS/2| C€S/3 CS/4 CS/5 cs/6 cs/7 CS/8 CS/9 CS/10
101.: g | &, {g.- 13235 Ht{r{I[r s lesg rpr lef S Brfp s W frrel [ rfeip ..{{r it r.-{{{{rl'r
N prif R R L 2 3 A e A a2 A A28 S e X S F 2 2 A X SR B3
10 w {
gi 0‘1‘ 0‘1‘2‘ 0‘1‘2‘3‘ 0‘1‘2‘3‘4‘ 0‘1‘2‘3‘4‘5‘6‘7‘8‘9‘ 0‘1‘ 0‘1‘2‘ 0‘1‘2‘3‘ 0‘1‘2‘3‘4‘ 0‘1‘2‘3‘4‘5‘ 0‘1‘2‘3‘4‘5‘6‘ 0‘1‘2‘3‘4‘5‘6‘7‘ 0‘1‘2‘3‘4‘5‘6‘7‘8‘ 0‘1‘2‘3‘4‘5‘6‘7‘8‘9
/K| PF/2| PF/3 PF/4 PF/5 PF/10 CF/2| CF/3 CF/4 CF/5 CF/6 CF/7 CF/8 CF/9 CF/10
101_: ARTARTIINI1Y; {{{{Iirfr g legs oo £ lefprr lof peflp £o5,8 R SR E NS SIS, .{rrrKr{Ir
SR ) A N R A R A tethp TEpRLUbD
f
gi 0{1{ 0{1‘2{ 0{1{2‘3{ 0‘1{2{3{4{ 0{1{2‘3{4{5‘6{7{8{9{ 0{1‘ 0‘1{2‘ 0{1{2‘3{ 0‘1{2{3{4{ 0‘1{2‘3‘4{5{ 0{1‘2{3{4{5{6‘ 0{1‘2{3{4‘5{6{7{ 0{1{2‘3{4{5{6{7‘8{ 0{1‘2{3{4‘5{6{7{8{9
/k|PS/2| PS/3 PS/4 PS/5 PS/10 CS/2| €S/3 CS/4 CS/5 cs/e cs/7 CS/8 CS/9 CS/10




Figure 6. Relative Physical Fitness Performances Using a Three-Remainder Partition for Various Bases, k
a) Meangy, - Mean, i gelow With 95% Cl on mean difference for three activities at two times
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Figure 6 (continued)

b) Meang,, - Meanygqie With 95% Cl on mean difference for three activities at two times
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Figure 6 (continued)
) Mean,; gelow - Me€anyiggie With 95% Cl on mean difference for three activities at two times
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Note. Own-event focal performance differences are shaded in each activity panel, all other portions of each
panel examine cross-event mean differences. Each three-remainder partition includes a Focal bin comprised of
students having remainder 0 when the event performance is divided by k, the Just Below bin has remainder k-1
when the event performance is divided by k and the Middle bin (for k > 2) has remainders 1 to k-2 when the
event performance is divided by k. Sample restricted to 9,345 students performing at least one curl-up and one
push-up at both assessments.



Table 1. Testing Even/Odd and Bottom Half/Top Half Independence of Counting by Base 10

Event: Fall curl-ups, CF Spring curl-ups, CS Fall push-ups, PF Spring push-ups, PS
Even/odd g=CF/2 g=CS/2 g=PF/2 g=PS/2
g 0 1 Total 0 1 Total 0 1 Total 0 1 Total

ON 1,755 1,171 2,926 1,792 1,143 2,935 1,623 1,218 2,841 1,825 1,306 3,131
s0-4 41 -45 244 51 -5.6 247 33 -35 225 3.7 -40 29.2

T
E 1IN 840 843 1,683 819 846 1,665 756 1,092 1,848 762 1,006 1,768
g s04 -25 27 -43 -27 3.0 -47 -70 73 -05 -6.0 64 -23
"l';' s1-4 -11 11 2.0 -1.0 1.0 1.6 -59 6.0 5.5 -4.7 4.8 5.4
w 2N 931 786 1,717 951 824 1,775 1,082 677 1,759 982 672 1,654
S s04 -01 01 -35 -0.3 03 -22 51 -54 -25 33 -35 -5.0
nen sl-4 14 -14 2.8 16 -1.6 4.3 6.4 -6.4 3.3 4.7 -4.8 2.5
5 3N 785 804 1,589 776 848 1,624 680 923 1,603 652 892 1,544
T s04 -27 29 -65 -35 38 -57 -5.7 6.0 -6.2 -6.0 65 -75
T sl14 -14 14 -04 -1.8 1.8 0.5 -4.7 47 -0.6 -48 49 -0.2
E 4N 772 658 1,430 717 629 1,346 781 513 1,294 775 473 1,248

s0-4 -0.2 0.2 -10.2 -04 04 -121 3.8 -4.0 -133 42 -45 -144
s1-4 11 -1.2 -4.4 12 -12 -6.4 49 -49 -8.2 5.5 -5.6 -7.8
Note: For upper portion of Table 1, shaded values are in the bottom half of division by 10 (g =0 - 4).
0-4Total 5,083 4,262 9,345 5,055 4,290 9,345 4,922 4,423 9,345 4,996 4,349 9,345
slx?2 6.0 -6.0 5.6 -5.6 3.7 -37 4.7 -4.7
Chi-square 2x5 1x2 1x5 2x5 1x2 1x5 2x5 1x2 1x5 2x5 1x2 1x5
Value 66.5 721 773.7 100.0 62.6 813.5 2786 26.6 727.0 244.6 44.8 1145

p <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
1-4Total 3,328 3,091 6,419 3,263 3,147 6,410 3,299 3,205 6,504 3,171 3,043 6,214
slx?2 21 -21 1.0 -1.0 0.8 -0.8 1.1 -11

Chi-square 2x4 1x2 1x4 2x4 1x2 1x4 2x4 1x2 1x4 2x4 1x2 1x4
Value 128 8.8 30.9 164 21 624 2454 14 1093 1996 2.6 96.3

p .005 .003 <.001 <.001 .147 <.001 <.001 .244 <.001 <.001 .104 <.001
Bottom/Top g =CF/10 g=Cs/10 g=PF/10 g=Ps/10
g 0-4 5-9 0-4 5-9 0-4 5-9 0-4 5-9
ON 1,755 1,171 1,792 1,143 1,623 1,218 1,825 1,306
L s0-4 39 -43 43 -4.8 -1.2 14 -0.3 0.3
E 1N 843 840 846 819 1,092 756 1,006 762
¢ s04 -25 28 24 26 0.1 -0.2 -10 11
"I'IJ s1-4 -1.2 1.2 -09 1.0 -0.3 04 -1.1 13
w 2N 931 786 951 824 1,082 677 982 672
g s04 -02 0.2 -09 1.0 14 -1.7 0.4 -0.5
S sl4 12 -12 0.7 -0.7 1.0 -1.2 03 -04
5 3N 804 785 848 776 923 680 892 652
o s0-4 -22 24 -16 1.8 -0.7 0.8 -0.4 0.5
© s1l-4 -09 0.9 -0.1 0.1 -1.1 1.3 -0.5 0.6
% 4 N 772 658 717 629 781 513 775 473
© s04 -03 04 -09 1.0 0.7 -0.8 1.6 -1.9
s1-4 09 -1.0 04 -04 0.3 -04 1.5 -1.8
Note: For lower portion of Table 1, shaded values are even last digits.
0-4Total 5,105 4,240 5,154 4,191 5,501 3,844 5,480 3,865
slx?2 6.3 -6.3 7.0 -7.0 12.1 -12.1 11.8 -11.8
Chi-square 2x5 1x2 2x5 1x2 2x5 1x2 2x5 1x2
Value 58.6 80.1 63.4 99.2 11.0 293.8 9.4 279.1
p <.001 <.001 <.001 <.001 .027 <.001 .053 <.001
1-4Total 3,350 3,069 3,362 3,048 3,878 2,626 3,655 2,559
slx?2 25 -25 28 -2.8 11.0 -11.0 9.8 -9.8
Chi-square 2x4 1x2 2x4 1x2 2x4 1x2 2x4 1x2
Value 9.3 123 3.1 15.4 5.9 241.0 9.1 193.3
p .026 <.001 .377 <.001 .117 <.001 .028 <.001

Note: Boldfaced chi-square tests and their assiciated standardized residuals, s, are significant at
the p <.05level based on a 2-tailed test.



Table 2. Percent of Statistically Significant Difference Between Means Tests using the Three-Remainder Partitions Analyzed in Figure 6

Figure 6 Panel: a) Focal versus Just Below 5 b) Focal versus Middle & c) Just Below versus Middle

Focal Own Focal  JustBelow No E Focal Middle No % Just Below Middle No
performance or dominates dominates significant § dominates dominates significant § dominates dominates significant
activity  Activity Cross JustBelow  Focal  difference = Middle Focal difference = Middle Just Below difference

Push-ups Curl-ups Cross 75% 0% 25% 20 100% 0% 0% 16 50% 0% 50%

Push-ups Own  100% 0% 0% 10 100% 0% 0% 8 62.5% 0% 37.5%

Cross  100% 0% 0% 10 100% 0% 0% 8 37.5% 0% 62.5%

Mile run Cross 65% 0% 35%% 20 93.8% 0% 6.3% 16 50% 0% 50%

All activities 80% 0% 20% 60 97.9% 0% 2.1% 48 50% 0% 50%

Curl-ups Curl-ups Own  38.9% 16.7% 44.4% 18 43.8% 18.8% 37.5% 16 37.5% 37.5% 25%

Cross 22.2% 5.6% 72.2% 18 18.8% 12.5% 68.8% 16 12.5% 25.0% 62.5%

Push-ups Cross  5.6% 5.6% 88.9% 36 3.1% 9.4% 87.5% 32 12.5% 3.1% 84.4%

Mile run Cross 13.9% 0% 86.1% 36 9.4% 6.3% 84.4% 32 6.3% 15.6% 78.1%

All activities 16.7% 5.6% 77.8% 108  14.6% 10.4% 75.0% 9% 14.6% 16.7% 68.8%

Across focal activities 39.3% 3.6% 57.1% 168  42.4% 6.9% 50.7% 144 26.4% 11.1% 62.5%

Note. Percent of 56 pairwise comparisons for each activity in Figure 6a (168 total) and 48 pairwise comparisons in Figures 6b and 6c (144 total).
Statistically significant comparisons at p < .05 level based on a 2-tailed test and seen visually as a 95% confidence interval on the difference
between means whisker that does not cross the horizontal axis in Figure 6. Own events in grayscale as in Figure 6.



Table 3. Proclivity and Mean Performance by Students who Stop at Prime and Not Prime Number Outcomes Using Full Sample and Seven
Subsamples

Curl-ups Push-ups

Restricted subsamples Restricted subsamples

Full  Unbroken Full Odd Median Trimmed Largest Full Unbroken Full Odd Median Trimmed Largest
sample series not0 not5s orabove 10% 20% prime sample series notO not5s orabove 10% 20% prime

a) Fall
o LB 0 0 1 1 34 20 24 6 0 0 1 1 12 1 4 6
g' uB 201 76 201 201 201 51 46 109 120 55 120 73 120 30 23 73
& Not prime:Prime 156:46  56:21 155:46 37:44 133:35 25:7 185 78:26 91:30 40:16 90:30 11:19 84:25 20:10 13:7 50:18
N in sample 10,206 10,118 9,345 3,091 5,383 8,246 6,457 10,070 10,206 10,164 9,345 3,205 5,129 8,675 6,218 7,381
N prime 2,135 2,121 1,957 1,924 1,080 1,575 1,222 2,073 3,020 3,012 2,926 2,079 1,041 2,838 1,863 1,691

‘g r, =Residualp;n. -189.1 -638.5 -181.7 244.9 -41.5 -228.8 -181.7 -444.5 489.6 108.0 589.8 49.2 -135.4 -53.7 -313.3 -262.8
fs s, = Std.Residpye -39 -122 -39 60 -1.2 -54 -48 -89 9.7 20 122 11 -39 -10 -67 -5.9
a Intentionality -81% -23% -8% 17% -3.7% -13% -13% -18% 6.4% 15% 8.4% 4.2% -12% -1.9% -14% -13%

Chi square 19.9 203.1 20.0 78.2 19 37.2 30.1 104.6 126.0 5.6 1985 3.2 20.2 1.5 69.4 481

Chi square p <.001 <.001 <.001 <.001 .164 <.001 <.001 <.001 <.001 .018 <.001 .072 <.001 .222 <.001 <.001
§ Sample mean,M  35.2 347 36.1 362 451 347 344 356 14.1 139 152 135 231 124 123 186
g Muoterime—Mprime 1.1 0.9 10 10 -02 -0.7 -18 0.3 4.8 4.6 6.2 -1.5 1.9 51 1.2 4.8
EAM as % of M 3% 3% 3% 3% -03% -2% -5% 1% 34% 33% 41% -11% 8% 41% 10% 26%

8 2-tailed ttest p .002 .006 .005 .043 657 .002 <.001 .385 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001




Table 3 (continued)

Curl-ups Push-ups

Restricted subsamples Restricted subsamples

Full Unbroken Full Odd Median Trimmed Largest Full Unbroken Full Odd Median Trimmed Largest
sample series notO not5s orabove 10% 20% prime sample series notO not5s orabove 10% 20%  prime

b) Spring
2 LB 0 0 1 1 39 23 28 6 0 0 1 1 15 2 5 6
g UB 150 9 150 133 150 58 50 107 132 70 132 101 132 35 28 101
& Not prime:Prime 116:35 67:24 115:35 24:30 89:23 28:8 17:6 77:25 101:32 52:19 100:32 17:24 92:26 23:11 177 73:23
N in sample 10,206 10,157 9,345 3,147 5,141 8,187 6,408 10,118 10,206 10,178 9,345 3,043 5,176 8,467 6,491 7,979
N prime 2,158 2,149 1,975 1,964 1,079 1,733 1,445 2,132 2,941 2,938 2,736 2,050 886 2,762 1,861 1,804
g Mo -207.6 -529.8 -205.5 215.7 23.3 -86.3 -226.7 -347.9 485.4 214.3 470.5 268.7 -254.5 22.7 -32.2 -107.6
§ Sp -43 -10.2 -44 5.2 0.7 -20 -55 -7.0 9.8 4.1 99 64 -75 04 -0.7 -25
a Intentionality -88% -20% -9.4% 15% 0.6% -4.7% -14% -14% 6.3% 29% 6.6% 21% -22% 0.4% -1.7% -5.6%
Chi square 23.7 1423 25.3 59.9 0.6 53 416 64.7 1264 23.0 129.0 978 728 03 038 8.0
Chi square p <.001 <.001 0 <001 422 .022 <.001 <.001 <.001 <.001 <.001 <.001 <.001 .598 .379 .005
§ Sample mean,M  39.8 395 408 401 511 390 388 401 17.2 170 184 16.6 274 154 149 21.2
g Mnotprime—Mprime 14 1.4 14 06 1.9 1.4 11 1.1 6.4 6.2 74 0.7 0.7 71 438 3.6
E AMas % of M 4% 3% 3% 1% 4% 4% 3% 3% 37% 37% 40% 4% 2% 46% 32% 17%

8 2-tailed ttestp <.001 <.001 <.001 .295 <.001 <.001 <.001 <.001 <.001 <.001 <.001 .194 .079 <.001 <.001 <.001

Note. LB = Lower bound. UB = upper bound. M = sample mean. Residual and chi square calculations based on an assumption of random
placement across all possible prime and not prime performance outcomes in the subsample range. Intentionality calculations are as defined

in the text. Boldfaced cells are significant at p < .05 level. Shaded cells exhibit reverse sign from expected proclivity (residual ;. < 0) or

performance (MNotPrime > MPrime)-
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