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Abstract



This study aimed to clarify research trends concerning Children's Self-Reliance
Support Facilities in Japan by setting the search period from 1997 to May 5, 2026, and
conducting a text-mining analysis using KH Coder on the titles and subtitles of 90
articles. Word-frequency analysis, co-occurrence network analysis, and correspondence
analysis identified frequently occurring terms such as support, education, delinquency,
developmental disabilities, abuse, and trauma. The findings indicated that the major
research themes comprised delinquency intervention, educational support,
developmental and psychological support, and community and interagency
collaboration. Differences were also observed in the words relatively associated with
each time period. These findings suggest that research on Children's Self-Reliance
Support Facilities has expanded in response to the increasingly diverse and complex
support needs of children in residential care. However, research interests concerning
the effectiveness of support practices, aftercare, children's rights, and the use of
information and communication technology (ICT) were not clearly identified as major
word clusters in this analysis, suggesting that further investigation is needed into the

extent of existing research and remaining issues in these areas.

Keywords: Children's Self-Reliance Support Facilities; research trends; text mining;
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Abstract

This study aims to develop instruction in mathematics education courses that
enables students to understand not only the fundamental aspects of school
mathematics, such as calculations and formulas, and its practical applications, but
also the essence of mathematics and the diversity inherent in mathematics. To this
end, lattice points in the plane are adopted as an appropriate topic for instruction. In
this paper, we propose an example of concrete instruction using lattice points in the

plane as the topic. The content presented below is the instructional plan for “Teaching
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Methods in Mathematics II” in the Faculty of Data Science for the second semester of
the 2025 academic year, and instruction was actually conducted based on this plan

during the same semester.

Keywords: Teacher Education, Mathematics Education, Discrete Mathematics, Lattice

Points in the Plane
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Abstract

This study aims to propose a reproducible learning attainment profile for a one-year
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Korean language course in Japanese high schools. Taking Shimonoseki Commercial
High School as a case study, it develops Can-Do descriptor-based learning outcomes
achievable within one year, based on Japan’s High School Course of Study, Korea’s
Standard Curriculum for Korean Language Education, and the Common European
Framework of Reference for Languages (CEFR). Given the constraint of 105 instruction
hours per year, the target levels are established primarily around CEFR Pre-Al and
Al. These criteria are categorized into seven domains: script and phonetics,
comprehension, expression, communication, intercultural understanding, practical
utility, and local community engagement. Ultimately, this study provides a
foundational framework to integrate instructional content, learning activities, and

assessment in high school Korean language education.

Keywords: High School Korean Language Education, Learning Outcomes, High School
Course of Study, Standard Curriculum for Korean Language Education, CEFR, Can-do
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Abstract

Formal frameworks for government—nonprofit organization (NPO) collaboration,
such as guidelines and ordinances, have expanded across Japanese local governments,
but it remains unclear whether formal adoption is accompanied by organizational
investment in staff development. This study examined the level gap and temporal
association using a panel of prefectures and major cities from six waves of the
Collaboration Environment Survey conducted between 2004 and 2021. Dynamic panel
models with cross-lagged predictors and lagged outcomes were estimated by first-
differenced generalized method of moments (GMM), the primary estimator, and by
fixed-effects regression with wave dummies. At Wave 6, the Framework item had the
highest mean (M = 4.71), whereas the Staff development item had the lowest (M = 2.07),
a gap evident across all size categories. Neither model showed a statistically
significant association in either direction. Thus, formal adoption may overstate the

extent of accompanying organizational investment in staff development.

Keywords: government—NPO collaboration, ordinances, staff development, local

government, panel data

1. Introduction
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The present study focuses on the guidelines and ordinances that Japanese local
governments adopt for collaboration with nonprofit organizations (hereafter,
collaboration frameworks). Government—nonprofit organization (NPO) collaboration
has emerged as a major policy concern for Japanese local governments since the 2000s,
alongside the spread of basic ordinances on local autonomy, citizen participation
ordinances, and citizen collaboration support ordinances (Matsushita, 2004).
Collaborative projects spread rapidly during this period. According to a 2004 national
survey of prefectures, all cities, the special wards of Tokyo, and towns and villages
with 20,000 or more residents (1,054 local governments), all responding prefectures
and 66.3% of responding municipalities were implementing collaborative projects with
NPOs, and in both groups more than half had started such projects in 2000 or later
(Cabinet Office, 2004). Among the comparatively large local governments examined
here—prefectures and major cities—collaboration frameworks had already reached
high levels by Wave 6 of the survey (6th Collaboration Environment Survey Executive
Committee, 2021). Unlike an ordinance or guideline, which can be put in place through
a single decision, staff development typically requires iterative planning,
implementation, and annual budget appropriations. The spread of formal adoption
therefore does mnot mnecessarily 1imply a comparable spread of substantive

implementation.

Prior research has identified persistent problems in the substance of government—
NPO collaboration. Early critiques warned that NPOs risk being reduced to
government subcontractors, undermining their organizational self-reliance (Tanaka,
2006). A questionnaire survey sent to 359 local governments, of which 140 were
analyzed, likewise showed quantitatively that parity—widely regarded as essential to
collaboration—was not secured in practice (Ogawa, 2019). Cross-sectional data from
local governments have also shown that institutional arrangements are associated with
the level at which collaboration is implemented (Sakamoto, 2012). These quantitative
studies, however, drew on cross-sectional data rather than repeated observations of
the same local governments. Consequently, how formal adoption through collaboration
frameworks and substantive implementation through staff development are related
over time remains insufficiently examined.

The present study addresses this longitudinal gap by constructing a panel of 109
prefectures and major cities observed across multiple waves of the Survey on the
Environment for Collaboration with NPOs in Prefectures and Major Cities (hereafter,
the Collaboration Environment Survey), conducted six times between 2004 and 2021.
We examine both the level gap between collaboration frameworks and staff
development and the temporal association between them. The foreword to the Wave 6
report notes that, although collaboration frameworks were in place, staff development

and feedback on selection decisions had not improved, particularly in prefectures (6th
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Collaboration Environment Survey Executive Committee, 2021). Building on this
observation, we pose two research questions (RQs).!

RQ1: How large is the gap in levels between formal adoption (e.g., collaboration
guidelines or ordinances) and substantive implementation (e.g., staff development),
does it differ by the overall level of collaboration arrangements, and what trajectory
did this gap follow over 17 years in prefectures?

RQ2: Is the adoption of collaboration frameworks associated with subsequent
gains in staff development and, more broadly, which tends to precede the other:

formal adoption or substantive implementation?

2. Prior Research and the Position of This Study

(1) The Divergence Between Form and Substance

In Japanese government—NPO collaboration, formal arrangements do not necessarily
reach the staff who carry out collaboration: in one prefecture that had adopted NPO-
related ordinances and an action plan for promoting collaboration with NPOs, more
than half of the responding employees did not know the ordinances at all (Kotagiri &
Niikawa, 2007).

Policy—practice decoupling provides a theoretical basis for expecting formal adoption
to outpace substantive implementation. Formal structures are generally expected to
operate through the day-to-day work activities that support them. Meyer and Rowan
(1977), however, argued that organizations may adopt formal structures not only in
response to the technical requirements of the work but also in pursuit of legitimacy,
while decoupling those structures from day-to-day activities. Their examples include
schools, governmental bureaucracies, and public services (Meyer & Rowan, 1977).
Bromley and Powell (2012) distinguish between two forms of decoupling: policy—
practice decoupling (in which stated policies are not implemented in practice) and
means—ends decoupling (in which practices are implemented but their relationship to
intended outcomes remains uncertain). The present study concerns the former: a
separation between formal adoption and substantive implementation. Here, we take
the policy to be the broad goal of advancing collaboration declared in a collaboration
framework; the question is whether adopting such a framework is accompanied by the
organizational inputs needed to pursue that goal, not whether specific provisions are
violated. Bromley and Powell (2012) trace early evidence of decoupling to public and
nonprofit settings such as schools, hospitals, courts, and prisons, and note that policy—

practice decoupling is more likely when adoption is motivated by legitimacy or the

IThe unit of analysis was a pair of scores from the same local government observed across two
adjacent waves (the previous-wave score and the current-wave score), yielding 498 consecutive

pairs.
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capacity to implement is weak. Longitudinal evidence also documents this pattern.
Westphal and Zajac (2001) followed stock repurchase programs announced by U.S.
firms over a six-year period and demonstrated that formally announced programs could
remain in place with little subsequent implementation. Tilcsik (2010) documented the
same pattern in a government agency. In government—NPO collaboration, putting a
collaboration ordinance or guideline in place is an externally visible act, whereas
ongoing staff development attracts less external scrutiny. Collaboration frameworks
and staff development therefore offer a case for examining whether policy—practice

decoupling occurs, without assuming that it does.

(2) Public Servants Who Deliver Substance and the Question of Which Comes
First

Staff competencies are central to substantive collaboration, and formal rules alone
may be insufficient. Williams (2002) studied boundary spanners in UK local authorities
and their partner agencies and identified competencies such as building relationships,
cultivating trust, and reconciling divergent interests across organizational boundaries.
Understanding these competencies, Williams argued, is essential to inform the
training and development of practitioners. The attitudes and understanding of local
government employees have likewise been regarded as important to collaboration
(Kotagiri & Niikawa, 2007), and such understanding may deepen through collaborative
experience (Kotagiri, 2009). For this reason, the present study examines organization-
wide staff development, as measured by training and information provision, as one
organizational input into substantive implementation. Prior research also bears on
RQ2, the order of formal adoption and implementation. Decoupling need not be
permanent. The process through which formal structures eventually become tightly
coupled with actual practice is described as recoupling. Studies of recoupling suggest
that substantive implementation may follow formal adoption, albeit under specific
conditions. Hallett (2010), for example, documented the recoupling of accountability
structures and classroom practices in an urban elementary school, although the process
involved unsettled meanings and conflict that teachers themselves called “turmoil.”
Tilesik (2010) further showed how initially ceremonial adoption can become coupled
with implementation as the demographic composition of organizational members shifts,
arguing that, under certain conditions, the decision to decouple may itself generate
demographic changes that ultimately erode decoupling. The opposite sequence is also
conceivable: “new practices may sometimes precede the existence of a formal policy”
(Bromley & Powell, 2012). From this perspective, the gap between collaboration
frameworks and staff development examined here may represent a stage in which the

conditions for recoupling have not yet emerged.

(8) The Present Study
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Prior research leaves the temporal ordering of formal adoption and substantive
implementation unresolved. Institutional theory posits that organizations may adopt
formal structures in pursuit of legitimacy while decoupling them from day-to-day work,
whereas collaboration research emphasizes the importance of the staff who perform
that work. Domestic cross-sectional research also indicates an association between
institutional arrangements and collaborative implementation (Sakamoto, 2012).
Theoretically, formal adoption may precede substantive implementation, or
accumulated implementation may later be formalized. Empirical studies of decoupling,
however, have relied largely on cross-sectional data, single-organization cases,
longitudinal corporate settings, or cross-national panels of states. To the best of our
knowledge, no study has traced the temporal relationship between these two
dimensions across multiple local governments within a single country over an extended
period that covers both the spread of collaboration frameworks and the years after it.
Because survey scores for these frameworks rose until 2009 and then largely plateaued,
the six waves allow us to examine whether the gap was merely transitional. By
analyzing six waves of the Collaboration Environment Survey, the present study

addresses this gap in the literature.

3. Method

(1) Data

The Collaboration Environment Survey provides a rare 17-year record of the
institutional and operational environment for government—NPO collaboration.
Initiated by the International Institute for Human, Organization and the Earth
(ITHOE) in 2004, the first five waves were administered in 2004, 2005, 2007, 2009, and
2014. An executive committee with the Okayama NPO Center serving as its secretariat
subsequently took over the Survey and conducted Wave 6 in 2021 (6th Collaboration
Environment Survey Executive Committee, 2021).2 Repetition of a common set of items
across 17 years distinguishes the Survey from a single-year attitudinal survey.

The analytic panel comprised prefectures and major cities observed in consecutive
survey waves. Wave 6 covered 112 local governments—47 prefectures, 16 government-
designated cities, 20 medium-sized cities I, 22 medium-sized cities II, and seven small
cities. Scores for all six waves were taken from the Survey’s government-level records
for these 112 local governments, which also list their scores in earlier waves (6th

Collaboration Environment Survey Executive Committee, 2021, Chapter 3). The panel

2For Wave 6, an executive committee with the Okayama NPO Center serving as its secretariat
was established in November 2020. It conducted the Survey in 2021 and issued the report in

November of that year (6th Collaboration Environment Survey Executive Committee, 2021).

52



therefore covers only local governments included in Wave 6: Waves 1-5 surveyed 134,
210, 252, 183, and 255 local governments, of which the panel includes 89, 98, 103, 103,
and 109, respectively; prefectures were observed almost completely (46 or 47 in every
wave).? Although Wave 6 scored 19 items, composition differed slightly across waves.
We therefore constructed the longitudinal panel from the 14 items scored in all six
waves. Each item was scored from 0 to 6, with higher scores indicating more developed
arrangements and operations. Because the participating cities changed across waves,
the unit of longitudinal analysis was a pair of scores from the same local government
in two adjacent waves (hereafter, a consecutive pair): the previous-wave score and the
current-wave score. In total, 109 local governments contributed at least one
consecutive pair, yielding 498 pairs across all intervals. A local government missing

from either wave of an adjacent pair was excluded from estimation for that interval.456

3In Waves 2—4, the panel cities scored higher than the other municipalities surveyed in the same
wave in all 42 item—wave comparisons (median standardized mean difference d = 0.27; p < .05 in
17 by Welch’s t test); the distributions for the other municipalities were obtained by subtracting
the panel cities from those printed in the Wave 6 report (6th Collaboration Environment Survey
Executive Committee, 2021, pp. 24—-50). As a sensitivity analysis, we restricted the fixed-effects
model with wave dummies to the 87 local governments observed in all six waves. The Framework
coefficient was b = 0.062 (p = .512), compared with b = 0.019 (p = .828) in the full estimation
sample. Because both samples are restricted to governments covered in Wave 6, this sensitivity
analysis does not rule out bias associated with exclusion from the Wave 6-defined panel.

4Size categories follow the survey report: prefectures; government-designated cities; medium-
sized cities I (population > 300,000); medium-sized cities IT (population 100,000-299,999); and
small cities (population < 100,000) (6th Collaboration Environment Survey Executive Committee,
2021). Tokushima Prefecture and Miyazaki City were not surveyed at the request of the
respective local governments, and no Wave 6 results were published for them. Tokyo Metropolis,
Yamanashi Prefecture, and Kobe City were likewise not surveyed at their request; their scores
were based on information obtained by the Survey Executive Committee from the local
governments’ websites.

5Ttem scores were available only for local governments and items observed in the relevant wave.
Items included only in particular waves, such as some items in the Wave 6 questionnaire, were
excluded because they were not common to all waves. When a local government did not
participate in a wave or did not answer an individual item, the observation was treated as
missing, and pairs involving that wave were excluded from the relevant estimate.

6The six waves define five adjacent intervals, from Wave 1-Wave 2 through Wave 5—Wave 6,
spanning 1, 2, 2, 5, and 7 years (89, 199, 103, and 107 pairs span one, two, five, and seven years,
respectively). A local government observed in more than one interval contributed one consecutive
pair per interval; thus, a local government participating in all six waves contributed five
consecutive pairs, whereas one participating in only two nonadjacent waves contributed none.

The total of 498 counts the same local government in multiple intervals where applicable.
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(2) Measures

We classified the 14 items into two layers—formal adoption and substantive
implementation—drawing on Meyer and Rowan’s (1977) distinction between formal
structures and day-to-day work activities and on Bromley and Powell’s (2012) concept
of policy—practice decoupling. Formal adoption comprised items whose attainment is
evidenced by externally visible artifacts—rules, published procedures, and a
designated structure—rather than by the volume of continuing organizational input:
guidelines, ordinances, and a structure for promoting and evaluating collaboration (1a;
hereafter, Framework); public disclosure of the process for building collaboration into
a formal system (1b); an organization-wide promotion structure (2c¢); and public
disclosure of screening procedures, criteria, and results (3b-a). Substantive
implementation comprised 10 items requiring continued involvement by staff or
citizens, including organization-wide staff development (2b; hereafter, Staff
development), citizen participation in screening bodies (3b-b), feedback on selection
decisions (3b-c), joint learning and training with NPOs (3d), and evaluation of
collaborative projects (4a). The distinction rests on the nature of the required
organizational inputs. Once an ordinance or guideline is adopted, maintaining it
requires little additional input, whereas staff development requires repeated planning,
implementation, and annual budget appropriations; therefore, its score may decline if
these activities cease.

Framework and Staff development served as the core measures because they
represent the theoretical contrast between formal adoption and substantive
organizational input. Framework captures a formal structure that may be adopted in
pursuit of legitimacy (Meyer & Rowan, 1977), whereas Staff development captures
organizational investment in staff across departments. Its scoring criteria refer to how
widely collaboration-related training and information reached staff; the item therefore
measures organizational training inputs, not development through on-the-job training,
rotation, or experience, nor employees’ actual learning or behavior. Thus, what we call
the substantive dimension is more precisely the level of organizational input into
substantive 1implementation. The primary analyses wused the theoretically
representative single-item pair (la and 2b). As a complementary analysis, we
estimated the same models using composite scores calculated as the mean of the four

formal-adoption items and the mean of the 10 substantive-implementation items.?

Estimation used only pairs with nonmissing values for all model variables; sample sizes for the
fixed-effects models consequently ranged from 409 to 475, depending on the path.

"The Staff development item asked, “Does the local government develop its staff across all
departments?” The scoring criteria were based on how widely collaboration-related training and

information reached staff, with scores of 4—6 defined by training participation rates. Scores of 4,
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We treated the 0-6 scores as approximately continuous to retain information.
Because the scores are ordinal and, for Staff development, combine two routes (all staff
or managerial staff) and different kinds of activity, this equal-interval treatment is an

approximation adopted for simplicity.8

(8) Analytic Strategy

The analysis proceeded in two stages. First, as a cross-sectional description, we
calculated item means at each wave by local government size category and examined
the level gap and trends in formal adoption and substantive implementation.

The second stage assessed temporal associations using dynamic panel models with
cross-lagged predictors and local-government fixed effects. We regressed the current
Staff development score on its previous-wave value, the previous-wave Framework
score, and local-government fixed effects; the coefficient on the lagged Framework
reflected whether higher Framework scores were associated with subsequent gains in
staff development. Because controlling for the lagged outcome alone does not remove
stable between-unit differences (Hamaker et al., 2015; Lucas, 2023), we also removed
time-invariant differences across local governments through fixed effects, which
limited the risk of mistaking between-government differences in levels for within-
government associations. The coefficient was therefore identified from changes within

the same local government.® We also reversed the dependent and predictor variables

5, and 6 required that 20%, 30%, and 50% or more of all staff, or 30%, 50%, and 70% or more of
managerial staff, respectively, had attended collaboration-related training within the past two
years. Scores of 1-3 were defined by distributing materials to all staff or training some staff (1),
doing both (2), or having almost all staff briefed by their supervisors or the responsible unit (3).
The lowest score, 0, indicated that no information on collaboration was provided to a broad range
of staff (e.g., training was limited to employees of the collaboration unit) (6th Collaboration
Environment Survey Executive Committee, 2021).

8The scale nominally comprised seven response categories (0—6), but the survey’s scoring rubric
does not define a criterion for every category on every item. For example, no criterion is specified
for a score of 2 on Public disclosure of the process for building collaboration into a formal system
or for a score of 3 on Functioning of the department in charge of promoting collaboration (6th
Collaboration Environment Survey Executive Committee, 2021). Alternative codings yielded the
same conclusions: In the fixed-effects model with wave dummies (N = 464; standard errors
clustered by local government), the Framework coefficient was not statistically significant when
Staff development was dichotomized at each threshold from > 1 to > 4 or coded in three levels (0;
1-3; 4-6) (all p > .47).

9Framework scores changed in 140 of the 495 consecutive pairs with Framework scores in both
waves (28.3%); 83 of the 109 local governments changed their score at least once, and 26 kept the

same score throughout. In the estimation sample (464 pairs), within-government variation
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to assess directional asymmetry. Because fixed-effects estimates of dynamic models
that include a lagged dependent variable are biased when the number of waves is small
(Nickell, 1981), our primary estimator was the generalized method of moments (GMM)
estimator for dynamic panel models developed by Arellano and Bond (1991), based on
first differences and earlier lagged values.’® We also estimated fixed-effects models
with and without wave dummies, which separate nationwide changes shared within
each wave from within-government covariation; the model without wave dummies is
reported for reference.

All tests were two-tailed with a = .05, and p values are reported. We interpret
nonsignificant coefficients as an absence of evidence rather than as evidence of no
association. Although the intervals between waves ranged from one to seven years, the
dynamic models treated each wave as a single step; coefficients should therefore be
interpreted as the change per wave rather than per year. The wave dummies absorb
differences in average change across intervals of different lengths, and checks with an
annualized outcome and with interactions between the lagged predictors and interval
length did not alter the results.?

To examine whether the gap differed by the overall level of collaboration
arrangements (RQ1), we also classified local governments by their score patterns
across the 14 items in the Wave 6 cross-section using a latent profile analysis, with
the number of profiles selected by the Bayesian information criterion. Data were

prepared in Python, and statistical analyses were conducted in R and Python.
4. Results

(1) The Gap in Levels Between Framework Adoption and Staff Development and
Its Trajectory

Wave 6 showed the clearest cross-sectional contrast between formal adoption and

substantive implementation. Framework had the highest mean among all 19 items (M

accounted for 38.4% of the variance of the lagged Framework score and came from 73 local
governments; the variance inflation factor for this predictor with local-government and wave
dummies was 3.72.

0First-differenced GMM removes local-government fixed effects by transforming variables into
changes from the previous wave and uses values from at least two waves earlier as instruments
(Arellano & Bond, 1991). We used two-step estimation with the finite-sample correction to the
standard errors described by Windmeijer (2005).

11With wave dummies, the interaction between the lagged Framework score and interval length
was b = —0.015 (p = .546), and the Framework coefficient for the annualized change in Staff
development was b = —0.005 (p = .916); for the reverse path, b = 0.008 (p = .382) and b = -0.001
(p =.927).
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= 4.71), whereas Staff development had the lowest (M = 2.07), as noted in the survey
report (6th Collaboration Environment Survey Executive Committee, 2021). Among the
14 items included in the longitudinal analysis, Public disclosure of the process for
building collaboration into a formal system had the second-highest mean (M = 3.99).
At the lower end, alongside Staff development, were Feedback on selection decisions
(M = 2.20) and Citizen participation in screening bodies (M = 2.35), both of which
require sustained involvement.

The gap between Framework and Staff development held across all size categories
of local government (Table 1; Figure 1). Mean Framework scores remained high across
all categories (4.14—4.84), whereas mean Staff development scores were below the scale
midpoint in every category. Prefectures exhibited the largest gap, with Framework
averaging 4.84 and Staff development averaging 1.43, a difference of 3.41 scale points.
Staff development did not increase monotonically with local-government size; small
cities had a higher mean (2.71) than prefectures (1.43).

The gap was similar across levels of overall collaboration arrangements. The latent
profile analysis of the 93 local governments with complete data distinguished two
profiles that differed in overall level rather than in item patterns, and Framework
exceeded Staff development in both (4.38 vs. 1.72 in the low-level profile, n = 61; 5.41
vs. 2.91 in the high-level profile, n = 32).

The particularly large gap in prefectures emerged over time rather than remaining
constant. Mean Framework scores rose from 3.93 in 2004 to 4.81 in 2009 and then
plateaued near the ceiling. Mean Staff development scores rose from 2.44 in 2004 to
3.00 1n 2009 but subsequently declined, reaching 1.79 in 2014—falling below the initial
level. The gap widened from 1.49 to 3.41 scale points as Framework scores stabilized
while Staff development declined (Figure 2). These trends show that staff development
levels were neither uniformly maintained nor accumulated over time.

Table 1. Mean Scores by Size Category of Local Government (Wave 6, 2021)

. Formal Substantive Framework Staff
Size category n . . . development
adoption implementation (1a) (2b)
Prefectures 46 3.82 2.75 4.84 1.43
Designated cities 16 4.11 3.65 4.69 2.64
Medium-sized 19 3.75 3.06 4.84 2.26
cities I
Medium-sized 22 3.80 2.94 4.50 2.59
cities II
Small cities 7 2.75 2.34 4.14 2.71
Total 110 3.78 2.94 4.71 2.07

Source: Authors’ calculations based on 6th Collaboration Environment Survey Executive
Committee (2021).
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Figure 1. Mean Scores for Framework (1a) and Staff Development (2b) by Size Category of

Local Government (Wave 6, 2021)

Authors’ calculations based on 6th Collaboration Environment Survey Executive
Committee (2021).
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Figure 2. Trends in Mean Scores for Framework (1a) and Staff Development (2b) Among

Prefectures, 2004—2021

Source: Authors’ calculations from the government-level scores for Waves 1-6 recorded in 6th
Collaboration Environment Survey Executive Committee (2021).

(2) Temporal Association Between Framework Adoption and Staff Development

Once nationwide changes shared within each wave were controlled, Framework

and Staff development showed no statistically significant temporal association in
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either direction. We estimated cross-lagged dynamic regressions with lagged outcomes
by first-differenced GMM, the primary estimator, and by local-government fixed effects
with and without wave dummies (Table 2).

Higher Framework scores were not followed by statistically significant gains in
staff development in any specification. Under first-differenced GMM, the path from
Framework to Staff development was negative but not statistically significant (b =
—-0.124, 95% CI [-0.444, 0.196], p = .449), and in the fixed-effects model with wave
dummies it was near zero (b = 0.019, 95% CI [-0.152, 0.189], p = .828); among the
models in Table 2, only the reference model without wave dummies yielded a
statistically significant negative coefficient (b = —0.193, SE = 0.075, p = .011). The
reverse path, from Staff development to Framework, was also close to zero: b = 0.009
(p =.737) in the reference model, b = 0.004 (p = .880) after adding wave dummies, and
b = 0.006 (p = .852) under GMM. Thus, once wave dummies were included, the single-
item analyses showed no statistically significant association in either direction; given
the wide GMM confidence interval, this is an absence of evidence rather than evidence
of no association.

Composite scores produced a similar pattern, offering only limited evidence for the
reverse direction. The coefficient from the formal-adoption composite to the
substantive-implementation composite was not statistically significant in either the
reference fixed-effects model (b = —0.023, p = .746) or the GMM model (b = —0.080, p
=.751). The reverse coefficient—from substantive implementation to formal adoption—
was positive in the reference fixed-effects model (b = 0.135, p = .025), but weakened
after wave dummies were added (b = 0.102, p = .096) and was not retained under GMM
(b =0.053, p =.737). The possibility that substantive implementation precedes formal
adoption should therefore be regarded as exploratory rather than an established

finding.

Table 2. Cross-Lagged Estimates Between Framework Adoption and Staff Development (Four

Paths)
. Fixed effects
ettocts : First-
Path (reference) P wave P differenced P
dummies GMM b (SE)
b (SE) b (SE)
Framework — ~0.193
Staff ) .011  +0.019 (0.087) .828  —-0.124 (0.163) .449
(0.075)
development
Staff +0.009
development — ) .737 +0.004 (0.026) .880 +0.006 (0.034) .852
(0.025)
Framework
Formal
composite — -0.023 _ _
Substantive 0.070) 746 0.014 (0.074) .852 0.080 (0.253) 751
composite
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Fixed effects

citeots + First-
Path (reference) p wave p differenced p
b (SE) dummies GMM b (SE)
b (SE)
Substantive
composite — +0.135
Formal (0.060) .025 +0.102 (0.061) .096  +0.053 (0.158) 737
composite

Note. First-differenced GMM is a two-step estimation including wave dummies (Windmeijer-
corrected standard errors; 24 instruments). The p values of the AR(2) tests are, from top to
bottom, .32, .56, .25, and .19, and those of the Hansen tests are .30, .08, .09, and .23; in no case

are the assumptions on the instruments rejected at the 5% level.

Source: Authors’ calculations.

5. Discussion

(1) Summary of Findings and Theoretical Implications

The central finding is that, once nationwide period shifts were controlled, higher
Framework scores were not followed by statistically significant gains in staff
development. Cross-sectionally, Framework had the highest mean and Staff
development the lowest, and the gap held across all size categories and levels of overall
development. Longitudinally, no specification showed a statistically significant
positive association from Framework to subsequent Staff development. Because the
negative coefficient in the reference model disappeared once wave dummies were added,
we do not interpret framework adoption as reducing staff development.

For collaboration frameworks and staff development in Japanese prefectures and
major cities between 2004 and 2021, these findings are consistent with policy—practice
decoupling. They are consistent with Meyer and Rowan’s (1977) proposition that formal
structures adopted in pursuit of legitimacy may be decoupled from day-to-day activities
and with Bromley and Powell’s (2012) formulation of policy—practice decoupling. The
combination of Framework scores plateauing at high levels across size categories and
low Staff development scores also supports, through panel estimation, the overall
assessment in the foreword to the Wave 6 report that collaboration frameworks were
in place while staff development had not improved, particularly in prefectures (6th
Collaboration Environment Survey Executive Committee, 2021). While prior cross-
sectional research found a positive association between institutional arrangements and
implemented collaboration (Sakamoto, 2012), the present study extends the literature
by estimating bidirectional cross-lagged associations over 17 years and identifying
them from changes within the same local governments rather than from level
differences between governments. In prefectures, the gap widened after 2009, when

collaboration frameworks had largely become standard, and was therefore not merely
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transitional. Because prefectural Staff development scores rose to 3.00 in 2009 and fell
to 1.43 by 2021 under unchanged scoring criteria (ITHOE, 2009, 2014; 6th Collaboration
Environment Survey Executive Committee, 2021), the widening reflects reduced
provision of training and does not necessarily indicate a consistently low perceived
need for it. The decline may reflect period-specific factors, such as changing policy
interest in collaboration; the wave dummies control for such factors only insofar as
they were common to all local governments, and the factors themselves cannot be
identified with these data. Practically, treating the presence of collaboration
frameworks as a proxy for readiness to collaborate risks overestimating the
organizational investment behind them. Within the limits of these data, we found no
evidence that higher Framework scores were followed by greater organizational
investment in staff development.

The profile analysis further indicates that the gap was widespread rather than
confined to a particular type of local government. The high-Framework, low-Staff-
development pattern appeared in both the high-level and low-level profiles, regardless
of size or overall level of adoption and implementation.

The degree to which institutional pressures are coupled with practice nevertheless
varies, and decoupling should not be treated as the only possible relationship between
institutional environments and practice (Coburn, 2004, pp. 224, 226). The (re)coupling
literature mainly describes formal structures being put in place first and subsequently
becoming coupled with practice (Hallett, 2010; Tilcsik, 2010). We found no evidence
that Staff development caught up after Framework scores rose. The opposite direction,
in which practice precedes formal adoption, was supported only by the composite path
in the reference model. The reverse pathway therefore remains exploratory and

requires further testing.

(2) Practical Implications

Framework adoption alone is unlikely to be a sufficient indicator of staff capacity
for collaboration. The provision of training likewise does not guarantee capability
development. In Baldwin and Ford’s (1988) model, transfer of learning to the job
depends partly on workplace conditions, including supervisory support and
opportunities to apply what has been learned. Successful executives, in turn, develop
through experience on the job (McCall et al., 1988). In collaborative settings, boundary
spanners and their competencies are especially important (van Meerkerk & Edelenbos,
2014; Williams, 2002), and developing these competencies requires time and experience,
including experience in boundary-spanning roles (van Meerkerk & Edelenbos, 2021).
Japanese qualitative research similarly shows that local government officials’
understanding of NPOs can deepen through experience with collaboration (Kotagiri,
2009).
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The present data do not identify which forms of staff development are effective; they
show only that higher Framework scores were not followed by statistically significant
gains in the measured Staff development item. One promising approach may be to
combine planned assignment to collaboration-related work with support for
interpreting and reflecting on those experiences, but the prevalence and effectiveness
of such approaches require further study. Accumulated interorganizational experience
may be a major source of boundary-spanning understanding (Williams, 2002), and
secondment, coaching, mentoring, and shadowing may also prove useful (Williams,
2013). According to van Meerkerk and Edelenbos (2021, pp. 1445-1449), social and
emotional competencies may be developed to some extent through training and
education; communication is considered particularly amenable to training, while role-
play and serious games may foster empathy. At the same time, information-processing
capacity and empathy are closely tied to individual traits, talents, and experience and

may be difficult to develop.

(8) Limitations

This study has three key limitations. First, its measures capture local-
government-level arrangements and organizational input rather than employees’
individual perceptions and experiences of those initiatives (Bowen & Ostroff, 2004) or
the implementation of collaboration itself. The data also do not establish whether
substantive collaborative efforts produced intended outcomes—that 1s, whether
means—ends decoupling occurred. In addition, the scoring criteria for Staff
development are built around the reach of formal training and information provision.
Development outside this measurement frame, such as reassignment through
personnel rotation or on-the-job training in collaboration-related work, was therefore
not captured. A low Staff development score may indicate that development occurred
in forms other than formal training rather than that staff development was entirely
absent. It may also reflect a judgment that organization-wide training is unnecessary,
in which case the gap would not indicate policy—practice decoupling. Second, the
study’s generalizability is limited, as it covers prefectures and major cities but not
towns and villages; in Waves 2—4, the panel cities also scored higher than the other
municipalities surveyed, and fixed effects do not correct for attrition related to changes
in scores. The findings concern one domain and one period: collaboration frameworks,
which spread mainly in the 2000s, observed before and after their scores plateaued.
They should not be generalized to other local ordinances, including basic ordinances
on local autonomy. Research with a broader sample is needed to examine these
dynamics in smaller local governments. Third, the dynamic models describe change per
wave over unequal intervals that coincide with calendar periods, and the fixed-effects

estimate of the Framework coefficient relied on within-government variation from 73
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local governments; associations in either direction cannot be ruled out, particularly

given the wide GMM confidence interval.

(4) Directions for Future Research

Future research should identify which organizational investments are associated
with substantive staff development. The present study found no evidence that
framework adoption precedes gains in staff development, but its single-item measure
emphasized formal training and did not capture experience-based investments. A
nationwide study should measure diverse development initiatives as a bundle,
including planned assignment to collaboration-related work, on-the-job training, and
support for reflecting on experience, and examine at the organizational level which
initiatives are associated with substantive collaboration. Establishing these
relationships would help identify the conditions wunder which substantive
implementation moves beyond formal adoption. A complementary implementation-level
study should examine how individual employees perceive these initiatives, using a

measurement design distinct from the organizational-level analysis used here.
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Abstract

In supervised label-in-input Forward-Forward learning on MNIST, we tested the hard-
negative source as the treatment contrast using 10 prespecified paired seeds and label-
search classification error on a 5,000-example locked holdout. Condition A used exact
label-search hard negatives for epochs 1-120. Condition B used the exact source for
epochs 1-20, then a one-pass softmax source for epochs 21-120. Both conditions were
evaluated using label-search classification. The mean locked-holdout error was 2.516%
for Condition A and 2.878% for Condition B. The paired difference, defined as B minus
A, averaged +0.362 percentage points; its two-sided 95% Student-t confidence interval
was 0.159-0.565 percentage points. Because this interval lay entirely above zero, H1
was supported by the prespecified rule. Exact-source training therefore produced a
lower mean error for the frozen design, but the result was restricted to its dataset
partition, architecture, hyperparameters, schedules, seeds, and endpoint. No broader

claims can be made based on this single prespecified comparison.

Keywords:
Forward-Forward algorithm, MNIST, hard-negative generation, label-search,

confirmatory experiment, paired-seed design

1. Introduction

The Forward-Forward (FF) algorithm was proposed by Hinton (2022) as an
alternative method for training neural networks using separate forward passes on
positive and negative data and local layer objectives. Rather than propagating an end-
to-end error derivative through the network, each layer is trained to assign greater

goodness to positive inputs and lower goodness to negative inputs. This study concerns
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one specific supervised use of that framework: label-in-input learning for handwritten-
digit classification on the MNIST dataset (LeCun et al., 1998). It does not attempt a
broad comparison between FF and backpropagation or a general evaluation of FF
variants.

In the label-in-input FF, a candidate class is encoded into the designated input
positions. During evaluation, exact label-search inference constructs each possible
image-label combination, passes those candidates through the FF network, and chooses
the label with the largest aggregate goodness score. A learned one-pass softmax head
provides an approximation based on a single neutral-label pass through the network.
The approximation can also be used during training as a source of hard-negative labels;
for each example, it proposes the highest-scoring incorrect class. This creates a
practical treatment choice, even when the final performance is evaluated using an
exact label search. The choice of hard-negative source may influence which negative
examples are presented to the local objectives while leaving the remaining architecture
and training settings unchanged.

Our earlier study (hereafter, Paper 1; Shirahama et al., 2026) was a Japanese
tutorial/review-style replication of FF on MNIST and an adaptive hyperparameter
search log. It reported exploratory observations concerning label-search performance
and suggested that approximating hard-negative selection with a one-pass source could
worsen the label-search metric. Because the configurations and observations were
developed adaptively, these results were only hypothesis-forming. They could motivate
a focused question, but they could not provide a prospective confirmatory answer.
Therefore, the present study does not translate or extend the Paper 1 experiment log.
It tests one question afresh under a frozen protocol, deterministic class-stratified split,
locked holdout, final-epoch evaluation, and paired-seed analysis.

Pairing was important because training variability could obscure the source contrast.
Each of the 10 prespecified seeds was used once in each condition, with common
stochastic streams matched within a pair as far as the implementation permitted. The
seed, not an individual holdout image, was used as the inferential unit. Locking the
holdout and analysis in advance also separated confirmatory evidence from prior
exploratory exposure and prevented model, epoch, hyperparameter, condition,
exclusion, or rerun selection based on primary outcomes.

The objective of this study is to determine, under a prespecified and condition-
matched confirmatory protocol, whether the source used to select hard negatives
during training affects final label-search generalization. The academic contribution is
to isolate hard-negative source selection as a single training factor and to provide
prospective paired-seed evidence for that factor while keeping the exploratory evidence
from Paper 1 separate from the confirmatory analysis. Accordingly, the frozen research
question was: “Does exact label-search-based hard-negative generation provide better

label-search generalization than the one-pass softmax approximation when the
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remaining training conditions are held fixed?”
The frozen directional hypothesis H1 was: “Hard negatives selected by exact label
search yield lower label-search error than hard negatives selected by the one-pass

softmax approximation under otherwise matched training conditions.”

2. Background and Motivation

2.1 Forward-Forward learning and supervised label-in-input inference

An FF layer maps its input to a ReLU activation vector, denoted here by y;(x). Its

goodness is the summed squared activity
91(x) = Iy Goll3

Local training raises the goodness of positive input-label combinations and lowers it
for negative combinations relative to a threshold. Between local layers, the
implementation used L2-only normalization: the activation vector was divided by its
L2 norm plus 108, without mean subtraction, and the normalized result was detached
before entering the next locally trained layer. This normalization is part of the frozen
implementation rather than a claim that the alternative normalization procedures are
unsuitable.

For supervised label-in-input learning, the image was flattened, and the first 10
input positions were replaced with the representation of a candidate class. The exact
label search evaluates candidates 0 through 9. The score for a candidate is the sum of
goodness over hidden layers 2 through 4; the first hidden layer is excluded from the
inference score. The class with the highest score was predicted. This candidate
enumeration is a label-search procedure used as the primary endpoint in both
conditions.

The one-pass alternative first inserted a neutral label code, with all 10 label
positions set to 0.1. It concatenates the pre-normalization ReLU activities from hidden
layers 2 through 4 into 6,000 features and applies a learned 10-class linear softmax
head. The present study used the one-pass head only as part of the frozen supervised

FF configuration and, in Condition B, as the hard-negative source after calibration.

2.2 Hard-negative generation

Negative examples are required for the local FF objective. In the present supervised
setting, a hard negative is formed by retaining the image but injecting an incorrect
label selected to be challenging under a specified scoring criterion. The true class was
excluded before selection. Under the exact label-search source, all candidate labels are
scored using the FF goodness procedure, and the highest-scoring incorrect label is

selected. Under the one-pass softmax source, the highest-logit incorrect label is

68



selected from the neutral-label head.

These sources do not need to rank incorrect classes identically. Exact label search
directly uses the layer goodness quantity, which also defines the primary label search
evaluation, whereas the one-pass head learns a separate linear classification mapping
from neutral-pass features. This difference makes the hard-negative source a
scientifically meaningful training factor. It does not, by itself, establish which source
is preferable, why any difference arises, or how either source performs as a final-
inference method. These distinct questions require separate evidence.

Peer-reviewed FF research has examined the limitations and extensions of the
original local-learning formulation. Lorberbom et al. (2024) addressed collaboration
among layers. Papachristodoulou et al. (2024) identified negative data generation as a
limitation and proposed a channel-wise competitive method that avoids explicit
negative construction, while Chen et al. (2025) also treated negative data generation
as a challenge in an unsupervised setting. Convolutional training, cascaded forward
procedures, and spiking network applications further illustrate architectural and
domain expansion (Scodellaro et al., 2025; Zhao et al., 2025; Ghader et al., 2026).
Outside the FF, Robinson et al. (2021) placed hard-negative selection in the broader
context of contrastive representation learning. None of these studies provide
confirmatory evidence for the present hypothesis. This study asks a narrower question:
when supervised explicit hard-negative training is retained, does changing only the
source used to select an incorrect label alter the locked-holdout label-search error

under the frozen design?

2.3 From exploratory replication to confirmatory question

Paper 1 replicated supervised FF learning on MNIST and adaptively explored the
implementation and hyperparameter choices (Shirahama et al., 2026). Within that
historical work, hard-negative generation emerged as a candidate source of discrepancy,
and exploratory observations suggested worse label-search performance when hard-
negative selection was approximated by a one-pass source. The earlier study was not
designed as a locked, prospective test of the isolated contrast. Therefore, its official
test observations and adaptive searches were excluded from the evidence analyzed in
this study.

The present design converts only the unresolved question -not the earlier result- into
a confirmatory comparison. It freezes the architecture, preprocessing, optimizers,
hard-negative schedules, paired seeds, partition, endpoint, and decision rules. This
separation 1s essential: Paper 1 supplies historical motivation and terminology,
whereas the new locked-holdout paired-seed experiment supplies all confirmatory

evidence and numerical results in this study.
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3. Methods

3.1 Dataset, split, and preprocessing

We used 60,000 examples from the official MNIST training population (LeCun et al.,
1998). A frozen split manifest deterministically partitioned this population, with class
stratification, into 50,000 training examples, a 5,000-example validation reserve, and
a 5,000-example locked confirmatory holdout. The split seed was 20260825. The three
partitions were disjoint and exhaustive under manifestation. The validation reserve
was not used for the confirmatory model, epoch, hyperparameter, condition, exclusion,
or rerun selection. The official MNIST test set was not used in the present study for
primary confirmation.

The images were converted to float32 values from 0 to 1 using ToTensor-equivalent
preprocessing and flattened from 28 X 28 pixels to 784 values. The jitter was fixed at
0 pixels. For label-in-input processing, the first ten positions were replaced by the
class code. A one-hot label was used for the labeled candidate passes, whereas a neutral

pass replaced all 10 positions with 0.1.

3.2 Model and Forward-Forward learning configuration

The FF model contained four bias-enabled hidden layers, each with 2,000 units and
ReLU activation. Goodness was the summed squared ReLU activity, with a threshold
of 0 =112. The L2-only interlayer normalization used an epsilon of 108, no mean
subtraction, and detachment between locally trained layers. Peer normalization was
enabled with a strength of 0.05 and a momentum of 0.99.

Each condition was trained for 120 epochs, with a batch size of 256. The FF model
optimizer was SGD with a learning rate of 0.04, momentum of 0.9, and weight decay of
104. Hard negatives were enabled throughout the study. Training used the final state
after epoch 120; there was no early stopping, model selection, epoch selection,
hyperparameter search, or adaptive screening performed.

For each frozen seed, Python, NumPy, Torch CPU, and the available CUDA random
generators were initialized before the Torch-heavy construction. Deterministic
algorithms and deterministic cuDNN behavior were requested, cuDNN benchmarking
was disabled, and the configured CUBLAS workspace setting was requested; any
runtime limitations or warnings were retained in the provenance.

The one-pass feature was pre-normalized. Neutral-label pre-normalization ReLU
activities from hidden layers 2 to 4 were concatenated into a 6,000-dimensional feature
vector. The bias-enabled head was a 6,000-to-10 linear classifier trained by cross-
entropy and SGD with a learning rate of 0.04, momentum of 0.9, and weight decay of

0.0. The head was part of both matched configurations; the experimental contrast

70



concerned whether its output became a hard-negative source after the fixed calibration

period.

3.3 Hard-negative source conditions

Condition A used the exact label-search hard-negative source during every epoch
from 1 to 120. For each example, the true class was excluded, and the highest-scoring
incorrect label under the exact label search was injected to construct a negative
example.

Condition B used the exact label-search hard-negative source during epochs 1-20 and
then the one-pass softmax hard-negative source during epochs 21-120. During the
latter period, the true class was excluded before the largest one-pass head logit
selected an incorrect label. The 20-epoch calibration period was prespecified and not
tuned in the confirmatory study. All other frozen conditions were matched, as defined
by the protocol. Thus, the treatment variable was the hard-negative source schedule
rather than the evaluation procedure.

Within each minibatch, the neutral features, one-pass head logits, and hard-negative
labels were determined from the pre-update model/head state. The one-pass head was
updated first, the positive and already fixed negative labels were then injected, and

the FF model was updated.

3.4 Label-search evaluation

For the primary evaluation, each possible label was injected in turn, and goodness
was summed over hidden layers 2-4. The label with the highest aggregate score was
predicted. This exact label-search evaluation was applied to the final epoch-120
checkpoint from both Condition A and Condition B. Consequently, Condition B's
primary result is a label-search error obtained from a model whose later hard negatives

came from the one-pass softmax source; it is not a “one-pass error.”

4. Confirmatory Experimental Design and Statistical Analysis

4.1. Paired-seed design and execution locking

The confirmatory comparison used 10 frozen seeds: 1001, 1002, 1003, 1004, 1005,
1006, 1007, 1008, 1009, and 1010. Each seed was run once in Condition A and once in
Condition B. Within a seed pair, initialization, training-example order, preprocessing,
and other common stochastic streams were matched as far as the implementation
permitted. The seed was the pairing and analysis unit of this study. The 5,000 locked-

holdout examples in a cell were not treated as 5,000 independent inferential replicates.

71



The design allowed for no replacement seeds or post-outcome seed exclusion. All
primary cells used the final epoch-120 state. No validation-based selection, early
stopping, model selection, epoch selection, hyperparameter search, or adaptive
screening was performed. The locked holdout remained separate from the training, and
its evaluation occurred within the frozen evidence process after the condition-seed

training cells were retained.
4.2 Primary endpoint

The primary endpoint was the locked-holdout label-search classification error

percent, with N=5000 for each condition-seed cell:

incorrect label-search predictions
5000 '

error percent = 100 X

Both conditions used the same endpoints and evaluation procedures. Therefore, the
primary contrast isolates the frozen hard-negative source schedule within the matched

configuration.

4.3 Prespecified paired statistical analysis

For seed s, the paired difference was defined in percentage points as
ds = errorg ¢ — €rrory .

A positive d; favors conditions A and H1. The analysis reports every condition-level
value and paired difference, the mean and sample standard deviation for each condition,
the mean and sample standard deviation of the paired differences, and a two-sided 95%
Student’s t confidence interval for the mean paired difference. With 10 pairs, the
confidence interval used 9 degrees of freedom and the two-sided 95% critical value
10.975,9=2.262. H1 was supported if the interval lay entirely above zero, inconclusive if it
included zero, and rejected if it lay entirely below zero. No p-value, one-sided test,
bootstrap procedure, Bayesian analysis, outlier removal, covariate adjustment, or

relative improvement percentage was included in the prespecified analysis.

5. Results

5.1 Seed-level locked-holdout results

Table 1 lists all 10 prespecified pairs and presents the complete paired data rather

than introducing an additional decision rule.

Table 1: Locked-holdout label-search classification error across paired-seeds.
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Seed Condition A Condition B B-A difference
error (%) error (%) (percentage points)
1001 2.64 2.88 0.24
1002 2.48 2.84 0.36
1003 2.26 2.48 0.22
1004 2.70 2.64 -0.06
1005 2.60 2.76 0.16
1006 2.50 3.42 0.92
1007 2.50 2.86 0.36
1008 2.60 2.82 0.22
1009 2.38 2.86 0.48
1010 2.50 3.22 0.72

Note: Condition A used exact label search hard-negative selection throughout epochs 1-120. Condition B used
that source in epochs 1-20 and the one-pass softmax source in epochs 21-120. Both errors were measured by
label-search inference, with N=5000 per condition-seed cell; the seed was the pairing unit. The mean+sample
SD for Condition A was 2.516% + 0.129%, and that for Condition B was 2.878% + 0.268%. The mean paired B-
A difference was 0.362 percentage points (two-sided 95% Student-r CI, 0.159-0.565 percentage points).
Positive B-A values favor Condition A.

(Source: Created by the author)

5.2 Primary confirmatory inference

Across the 10 prespecified seed pairs, the mean locked-holdout label-search
classification error was 2.516% (sample SD, 0.129%) for Condition A and 2.878%
(sample SD, 0.268%) for Condition B.

The mean paired B-A difference was 0.362 percentage points (sample SD, 0.284
percentage points), with a two-sided 95% Student’s t confidence interval from 0.159 to
0.565 percentage points. Because the interval was entirely above zero, the prespecified
decision rule classified H1 as being supported. These are locked holdout results, not

official MNIST test results.

6. Discussion

6.1 Interpretation of the confirmatory result

Supported result. Under this frozen paired-seed MNIST design, Condition A
produced a lower mean locked-holdout label-search error than Condition B. The
positive mean paired B-A difference and its confidence interval support the directional
hypothesis under the prespecified rule. The comparison concerns two hard-negative

source schedules within one fixed implementation: exact label search throughout
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training versus a switch to the one-pass softmax source after 20 calibration epochs.
Because both conditions were evaluated with label search, the result addressed the
source of hard negatives during training and did not compare the final label-search
inference with the final one-pass inference.

The paired design makes the scale and variability of the contrast explicit at the seed
levels. This supports an inference about the mean paired difference over the
prespecified seeds under this configuration. It does not turn the holdout images into
independent experimental repetitions, nor does it establish that the observed effect

will recur under other data, model families, training schedules or hyperparameters.

6.2 Relationship to the exploratory Paper 1 observations

This result is consistent with the historical motivation from Paper 1, where adaptive
exploratory work identified the one-pass approximation to hard-negative selection as
a possible contributor to worse label-search performance. Consistency does not
retroactively make earlier observations confirmatory. Paper 1 used an exploratory
workflow and included previously exposed official test observations; neither its
numerical results nor its search history was pooled into the present table, confidence
interval, or decision.

Therefore, the contribution of the present study is a prospective resolution of the
frozen question for the specified MNIST setting. Paper 1 frames the unresolved issue,
and the present study supplies a new condition-matched, locked-holdout comparison.
Keeping these roles distinct avoids treating an adaptively generated hypothesis as if

it had been tested by the data that generated it.

6.3 Implications and unresolved mechanism

Mechanistic interpretation of the results. One plausible explanation is that the two
sources define “hard” in different score spaces. Exact label search selects the highest-
scoring incorrect label according to FF goodness under candidate-label injection,
whereas the one-pass source selects the highest-logit incorrect label using a separately
trained linear head operating on neutral-label features. Consequently, the two
procedures can present different incorrect labels to the local FF objectives and thereby
emphasize different class confusions during training. The present study did not
directly measure source disagreement, the evolution of negative-label choices, layer-
level learning dynamics, or any causal mediator. Therefore, this remains a plausible
interpretation rather than an established mechanism.

Future question. Further prespecified studies could determine whether the paired
effect changes with datasets, architectures, hyperparameters, or calibration schedules

and could directly measure candidate-ranking disagreement or training dynamics.
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Such work would constitute new evidence rather than extending the present confidence
interval. Computational cost remains an important practical trade-off because the one-
pass source is intended to avoid repeated candidate-label evaluation during hard-
negative selection. However, wall-clock training time was not a prespecified or
accepted secondary endpoint and can depend strongly on implementation and hardware.
We therefore do not report a retrospective quantitative speedup or infer a speed
ordering from the present runs. A future prespecified study should evaluate

classification error and computational cost jointly.

7. Limitations

This study had ten principal limitations. First, it only used MNIST. Second, it tested
one FF model family and architecture under a frozen hyperparameter setting. Third,
inference used 10 prespecified paired seeds, which limits the characterization of
across-seed variability. Fourth, the primary endpoint was measured using a 5,000-
example locked holdout derived from the official MNIST training set. Fifth, the official
MNIST test set was deliberately excluded from the primary confirmation because it
had previously been exposed; no official test secondary result was included. Sixth,
Condition B used a fixed 20-epoch exact-label-search calibration period; therefore,
other switch schedules were not tested confirmatorily. Seventh, this study concerns
hard-negative sources and does not establish that one inference method is superior
across settings. Eighth, secondary locked-holdout one-pass error and training-time
comparisons were not included in the accepted primary analyses. Ninth, historical
exploratory runs remain separate from confirmatory evidence and cannot increase
their evidential scope. Finally, the effect size is specific to this implementation and
configuration and should not be generalized beyond the tested setting without further

evidence.

8. Reproducibility and Evidence Provenance

The recorded environment used Python 3.12.13, uv 0.11.15, Torch 2.9.1+cul28,
torchvision 0.24.1+cul28, CUDA 12.8, and an NVIDIA A2 GPU. These identities bind
the manuscript results to the frozen protocol, partition, implementation, environment,
and analysis artifacts without presenting the private development repository as a

public resource.

9. Conclusion

In a prospective paired-seed confirmatory study of supervised label-in-input FF

learning on MNIST, exact label-search hard-negative generation throughout training
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yielded a lower mean locked-holdout label-search classification error than switching to
a one-pass softmax hard-negative source after a fixed 20-epoch calibration period. The
mean errors were 2.516% and 2.878%, respectively, and the mean paired B-minus-A
difference was 0.362 percentage points, with a two-sided 95% confidence interval from
0.159 to 0.565 percentage points. Therefore, the prespecified rule classified H1 as
supported. This conclusion is restricted to the frozen dataset partition, architecture,
hyperparameters, schedules, seeds and label-search endpoint. However, the
mechanism, computational tradeoffs, secondary endpoints, and generalization to other

settings remain unresolved.
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