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JEL classifications: We adopt the theory of institutional change to investigate whether institutional review is instrumental or
B52 ceremonial, focusing on the role of institutional policy in horizontally integrating the enterprise. We conduct a
L53 qualitative multiple case study, examining a case at a United States Department of Energy (DOE) nuclear facility
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strategic management, organizational learning (particularly organizational innovation and knowledge creation),
and institutional economics. We contribute to theory by synthesizing a portion of institutional econom-
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management to public firms and expand the scope of the mediating artifact. Although the context of this study is
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Introduction perspectives, are discontinuous, and nonlocal. Further, Marinakis

(2008) posited that this logic constitutes a topos of complexification,

The concept of the ecosystem has been expanded to include inno-
vation ecosystems. The philosophical implications of this expansion are
worth examining. (Everdell 2009) argued that the theories and practices
comprising Modernism are characterized by a recursive or
self-referential logic, are temporally stochastic or spatially heteroge-
neous, radically subjective, encompass simultaneous multiple
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vis-a-vis one of emergence (Zimmermann & Voelcker, 2001), which
lacks the iterative finitude of a complex system as illustrated by the fixed
point attractor. A topos is a universe for mathematical discourse in
which the observer’s logic is conceptualized as integral to what is being
observed (Trifonov, 1995), such that the physical unfolding of the world
is identical to the process of reflecting on it (Zimmermann, 1999, 2000,
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2002). In particular, it has been argued that the concept of the
ecosystem, applied and in its original natural sense, is a topos of com-
plexification. Essentially, nutrients recursively cycle and energy flows
through ecosystems (and plant communities recursively succeed them-
selves); ecosystem models are temporally stochastic and spatially het-
erogeneous; observations of ecosystem structures and functions are
dependent on the observer (radically subjective); ecosystems demon-
strate fractal geometry and hierarchical structure and function; they
comprise spatially discrete sections, as in the ecotone; and exhibit
nonlocality through weak spatial coupling (Marinakis, 2008). The
innovation ecosystem, as conceptualized, should be expected to display
similar features. Complex systems theory recursively illustrates and
comprises a topos of complexification. The iterated function system
(Barnsley, 2014) constructs self-similar (self-referential), hierarchical
(simultaneous multiple perspectives) fractals through a mathematical
process involving recursion and stochasticity, which is perceptible at
various scales (radical subjectivity). If we claim or assume that a system
such as an institutional policy system is complex, we can deepen our
theoretical and practical understanding thereof by investigating it in
terms of the characteristics of the topos of complexification. In this
paper, we assume that the institutional policy system is both a complex
system and topos of complexification and investigate it as such. We focus
on the characteristic of recursion or self-referentiality as it manifests
through the institutional review of policies and policy revisions. Insti-
tutional review is arguably recursive, depicting a cycle within the en-
terprise that iteratively continues from the author or policy revision
author into the organization proposing changes, which return to the
author for disposition and possibly back again into the organization and
back again. We are interested in recursion because phenomena such as
self-organization and self-regulation are inconceivable without it. From
this perspective, we now turn to the research question.

Preliminarily, we ask: how does an enterprise achieve horizontal
integration? The classical answer is to use cross-functional teams to
breach, in a measured and supervised manner, the vertical barriers of
organizational hierarchies, responsibilities, and authorities. Another
solution often employed to consolidate acquisitions is to implement an
enterprise-wide institutional policy office. However, for many reasons,
these solutions are often incomplete, leaving many questions for cross-
functional teams and institutional policy offices to grapple with.

One pertinent policy office-related question is whether the recursive
activity of institutional review is instrumental or ceremonial. This has
practical implications for enterprise management and learning, and
theoretical implications for understanding institutional change. Ac-
cording to the theory of institutional economics, a society’s institutional
structure comprises instrumental and ceremonial values (Bush, 1987).
Instrumental values provide “the standards of judgment by which tools
and skills are employed in the application of evidentially warranted
knowledge to the problem-solving processes of the community” (Bush,
1987). Conversely, ceremonial values serve to maintain invidious dis-
tinctions. Institutional review of new policies and procedures, and their
proposed revisions, is commonly performed by policy offices across
various institutions. (To clarify, organizations are the assemblages of
people to which the institutions apply. The term institutional policy
might be better stated as organizational or enterprise policy, but is
widely used to distinguish it from public policy.) This institutional re-
view process can be complex and long-drawn, prompting institutions to
innovate to streamline it, for instance, by limiting reviewers to impacted
and affected parties or their representatives. However, should an orga-
nization even engage in what is sometimes pejoratively called “policy
making by democracy”? Is institutional review merely pro forma, or does
it add value? Do we engage in institutional review because its recur-
siveness aligns with our Modernist sensibilities, or because we believe it
can practically improve the policy document?

Another pertinent and related question pertains to how an institution
provides employees with the means and opportunity to engage in intra-
firm cross-organizational knowledge sharing and innovation. While
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many studies focus on what motivates employees to innovate across
organizational lines (e.g., Belloc, 2022; Matinaro & Liu, 2017), we are
interested in the potential role of institutional policy and procedure in
facilitating cross-organizational knowledge sharing and innovation.
Institutional policy serves as a formal vehicle for knowledge creation
and sharing (Witherspoon et al., 2013) throughout a firm. Evidently,
institutional policy acts as both a mediating artifact through which in-
dividuals, organizations, and enterprises engage in collaborative,
deliberate knowledge creation (Miettinen & Virkkunen, 2005; Paavola
& Hakkarainen, 2005) and a knowledge artifact for sharing and trans-
ferring knowledge (Abuhimed et al., 2013). However, the relationship
between innovation and knowledge creation (Popadiuk & Choo, 2006)
suggests that the mediating artifact can be more than a site for knowl-
edge creation, but also a site for institutional innovation. Thus, institu-
tional policy may serve as a mediating artifact for innovation. However,
how does an enterprise innovate in institutional policy that crosses
normally inviolate organizational boundaries?

Such questions may be examined more clearly in contexts where
organizational boundaries are formidable, the role of institutional policy
is central, and the stakes are unusually high. One such context is the
Department of Energy (DOE) nuclear and nuclear waste facilities.
Institutional policy plays a significant role in DOE nuclear safety
(Accident Investigation Board, 2015). We investigate not whether nu-
clear energy and nuclear weapons are sustainable, but how the nuclear
enterprise seeks to operate sustainably. Sustainability broadly entails
the triple bottom line of the environment, social, and economic domains
(ESG) (Birkel & Miiller, 2021). Here, we focus on the environmental
aspect.

We conducted a qualitative multiple case study, examining a nuclear
facility and nuclear waste facility of the DOE. We used several DOE
documents comprising hundreds of pages.

Our primary research question is whether institutional review is
instrumental or ceremonial. We address this question vis-a-vis the role of
institutional policy in horizontally integrating the enterprise. This
connection leads us to our related secondary research questions: what is
the role of institutional policy and procedure in cross-organizational
knowledge sharing and innovation in the contexts of nuclear and nu-
clear waste facilities of the DOE? Is institutional policy an internal or
external institution, and to what extent can it be innovated? Finally, how
does institutional change occur in “big science” contexts?

This study lies at the intersection of dynamic capabilities in strategic
management, organizational learning (particularly organizational
innovation and knowledge creation), and institutional economics. We
contribute to theory by synthesizing a portion of institutional econom-
ics—namely institutional change—with the theory of dynamic capabil-
ities by identifying instrumental values as encompassing both ordinary
and dynamic capabilities. We apply the dynamic capabilities framework
of strategic management to public firms and expand the scope of the
mediating artifact. Although public administration is the context of this
study, the results are also applicable to private administration.

Materials and methods
Institutional policy: definition

Primarily, we address the definition of institutional policy, beginning
by distinguishing policies and procedures, while considering both to
comprise institutional policy. Policies contain rules for behavior—what
is done, what workers (employees, contractors, managers, and execu-
tives) must do—while procedures contain rules for behavior, namely
how something is or must be done. Procedures are rules and policies are
meta-rules—rules about rules. Some policies direct what workers must
do at their jobs, while others direct how they must behave as employees
of the organization. Procedures are rules for how the organization im-
plements external laws and regulations or operates in compliance
therewith. Thus, we refer to policy systems as comprising both policies
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and procedures. Accordingly, various procedure-type documents exist,
including operating instructions, work instructions, and responses to
lessons learned. These are also procedures, not policies, because they
describe how to do a specific task, in accordance with the definition of a
procedure. However, per standard practice, we include such procedures
in our definition of institutional policy.

Educational researchers have sought to define education policy, and
therefore mainly public policy, but the definitions are broad enough to
apply to institutional policy. The “traditional view” defines policy as
statements that prescribe action in response to a problem or matter in
pursuit of a desired goal or outcome (Nudzor, 2009; Stewart, 2014). This
definition implicitly refers to power relations, and much of this research
lies at the boundary of education and sociology (Bailey, 2013; Ball,
1993, 2015). This problem-solving view is narrow and occasionally,
tautological (e.g., policy is a document indicating policy choices). The
more recent process model approach broadens the definition, treating
policy as a process rather than an end product. We believe this definition
conflates policy with the policy process. In a contemporary policy office,
the distinction between policy and the policy process is fundamental,
similar to the difference between knowledge and knowledge manage-
ment. This focus on process is not atypical, and much of the academic
research on institutional policy is epistemological. Communication re-
searchers, in particular, have studied how both public and institutional
policy knowledge is constructed in organizations (Canary, 2010; Canary
& McPhee, 2009; Canary et al., 2013; Tessaro, 2022). Much of this work
uses structuration theory as an interpretive heuristic (Canary & Tarin,
2017; Giddens, 2014), which is well-placed. Giddens proposed struc-
turation theory to reconcile what he considered an overemphasis on the
role of institutional structure on the one hand and human agency on the
other. Structuration theory focuses instead on “how collectives of
human actors engage in structured social practices” (Canary & Tarin,
2017, p. 1). The processes associated with institutional policy, such as
policymaking and policy communication, occur within such collectives
and both involve and create structured social practices.

Institutional policy as a site of organizational learning (Innovation and
knowledge creation)

Knowledge management processes, especially knowledge genera-
tion, diffusion, and storage, enhance firm innovation (Ode & Ayavoo,
2020); however, the actual mechanisms are less clear. This may be due
partly to the endless possibilities for implementing these knowledge
processes. However, one mechanism most firms have in common is
institutional policy.

The relationship between innovation and knowledge creation
(Popadiuk & Choo, 2006) enables us to theorize that mediating artifacts
for knowledge creation can also serve as sites of, or mediating artifacts
for, invention and innovation. Essentially, institutional policy manage-
ment systems are innovation and knowledge management systems.
Institutional policy management systems comprise policy revision pro-
cesses (including record retention and institutional review), policy
format control, policy version control, policy access control, and policy
archiving. The policy process is an innovation and knowledge man-
agement system concerning policymaking. In a facilities management
context, Puddy et al. (2001) suggested policy (and standards) as a
knowledge management system, although this is not entirely accurate.
Policies and standards comprise innovation and knowledge, and policies
are managed within an innovation and knowledge management system.
These systems not only store and manage policies, but also enable
effective knowledge-sharing and collaboration throughout the
policy-making process. By providing functionalities such as policy
revision processes, version control, access control, and archiving, insti-
tutional policy management systems facilitate the capture, organization,
and dissemination of policy-related knowledge within an institution.
Thus, these systems not only support policy management, but also serve
as essential tools for knowledge management within organizations.
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Institutional policy, organizational routines, and dynamic capabilities

Institutional policy (and procedure) in mature organizations and
those operating in highly regulated environments is distinct from
organizational routine (Nelson & Winter, 1982). Institutional policy is
articulated, while organizational routine is tacit. In other words, insti-
tutional policy represents the written portion of internal institutions
(Voigt, 2005, 2019; see section 2.5 below), while organizational rou-
tines are the parts unwritten. Accordingly, institutional policy is written
organizational knowledge, and organizational routines are patterns of
interactions representing successful solutions to specific problems
(Teece et al., 1997, p. 520). However, in less mature organizations and
less regulated environments, institutional policy may be partially or
wholly unwritten and undeveloped.

Miettinen and Virkkunen (2005) reject the concept of organizational
routine, arguing that it does not enable organizational change. Instead,
they conceptualize practices as epistemic objects and mediating artifacts
that allow for reflection. Reflection is crucial because it is a precursor to
change. However, it is not necessary to abandon the concept of the
routine, as the theory of dynamic capabilities (Teece, 2007, 2014; Teece
et al., 1997) provides a framework for the intentional change of orga-
nizational routines. High-flex firms are characterized by a high will-
ingness to change routines and adopt best practices (i.e., to learn) and to
reconfigure asset structures to escape unfavorable or outdated path
dependencies and affect internal and external transformation (Teece
et al., 1997). Such adoption, reconfiguration, and transformation ac-
tivities are intentional and result from managerial strategic decisions
(Teece, 2014). However, the theory does not focus on the routine, but on
what the routines and processes undergird. Organizational routines and
processes—the unwritten portions of internal institutions—form the
micro-foundations of dynamic capabilities. Whereas ordinary capabil-
ities enable a firm to do things right (and are tactical), dynamic capa-
bilities help a firm do the right thing (and are strategic) (Teece, 2014).
Dynamic capabilities “can be disaggregated into the capacity (1) to sense
and shape opportunities and threats, (2) to seize opportunities, and (3)
to maintain competitiveness through enhancing, combining, protecting,
and, when necessary, reconfiguring the business enterprise’s intangible
and tangible assets” (Teece, 2007). The aforementioned adoption,
reconfiguration, and transformation activities support dynamic capa-
bilities. The associated managerial processes, which are coordinative,
support interorganizational learning (Teece et al., 1997) as a function
and outcome of the institutional policy process (writing and revision).
Moreover, although dynamic capabilities were developed for businesses,
they can be applied to public firms. In that case, dynamic capabilities are
directed toward the mission of the public firm.

Though institutional policy and procedure are ideally distinct from
organizational routine, we theorize that they might—along with orga-
nizational routine—serve as micro-foundations of dynamic capabilities,
as long as they enable and support the relevant activities and managerial
processes. Some institutional policies and procedures may have their
origins in organizational routines that were subsequently memorialized
and formalized, and as pointed out, some organizations rely on un-
written institutional policy for various reasons.

Another reason institutional policy and procedure might serve as
micro-foundations of dynamic capabilities is that they act as knowledge
artifacts for organizational knowledge and as mediating artifacts for
organizational knowledge creation, invention, and innovation. As such,
particularly as sites of innovation, they support the adoption, reconfi-
guration, and transformation activities of strategic management.

Institutional economics and organizations

In institutional economics (Voigt, 2005), institutions are “commonly
known rules used to structure recurring interactions and coupled with a
sanctioning mechanism whose use will be threatened in case of
noncompliance.” External institutions are rules enforced by the state,
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while internal institutions are rules enforced by non-state means (i.e.,
they are norms and customs). Institutional policy is an internal institu-
tion because it is enforced internally; however, the cases presented here
show that its content can comprise external institutions. This is espe-
cially true in highly regulated industries such as the nuclear industry,
particularly in the segment related to nuclear weapon development for
the state by the state and its contractors.

Institutional policy is an internal institution that derives partly from
rules enforced by the state and partly from organizational learning,
resulting in norms and customs. A federal law or regulation can simul-
taneously be an internal and external institution. It is an internal insti-
tution when enforced as institutional policy and an external institution
when enforced as law, since only government-authorized law enforce-
ment can enforce law or regulation as law. A non-governmental insti-
tution will not innovate policy (what they do) that derives from an
external institution, but will innovate procedures (how they do it) for
complying with an external institution and policies that are an internal
institution.

The content and enforcement of institutional policy have a direct
relationship with institutional (organizational, enterprise) success. For
policies that are also external institutions, their content and compliance
are mandatory under the law. For policies that are internal
institutions—i.e., organizational or enterprise norms and values—their
content and compliance are choices that create the overall character and
quality of the institution (organization, enterprise) and its work product.
An institution’s success also depends on the quality of its procedures, i.e.,
how it implements internal and external institutions. Innovation in in-
ternal institutions and procedures is intended to improve the quality of
the organization and its work product or at least economize operations
without negatively affecting the quality thereof.

Effective innovation in institutional policy and procedure can only
occur through cross-organizational knowledge sharing, as institutional
policy qua institutional (organizational, enterprise) is a matter of cross-
organizational activity. The institutional policy process, as specified in
its policy of policies, outlines how (and to what extent) that innovation
occurs within that institution.

Institutional economics and organizational change

The concept of instrumental values combines dynamic and ordinary
capabilities. Like ordinary capabilities, they enable the organization to
“do things right.” However, like dynamic capabilities and their under-
lying routines and processes, instrumental values enable the organiza-
tion to “do the right thing” (Bush, 1987):

“Instrumental values are not, however, fixed or immutable. The
problem-solving processes of the community, being dependent on the
processes of inquiry and technological change, are inherently dynamic,
requiring changes in habits of thought and behavior. As new patterns of
behavior are required to accommodate the absorption and diffusion of
new technology, instrumentally warranted patterns of behavior must
change accordingly; and this requires changes in the instrumental values
that correlate such behavior.”

This literature review suggests that institutional review is instru-
mental rather than ceremonial. Concerning organizational learning and
dynamic capabilities, institutional review may provide an institution
with an opportunity to reflect and learn, to memorialize and develop its
unwritten policy into written institutional policy, and to reconfigure to
respond to a changing environment.

Methods

To examine these ideas in context, we use the multiple case study
method (Eisenhardt, 1989; Stake, 2003; Yin, 2018). We selected two
cases involving institutional policy. We chose the DOE nuclear context
as it provides a complex technological operating environment, as evi-
denced by the documents governing it. To span the breadth of the
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enterprise, we selected one case related to nuclear facilities and a second
one concerning nuclear waste facilities. We used government documents
as data sources for the cases.

Cases

We present two cases where policy, innovation, and safety are cen-
tral. In case 1, the National Nuclear Safety Administration (NNSA)
innovatively revised the Occurrence Reporting and Processing System
(ORPS) policy to improve both efficiency and institutional learning,
while the Defense Nuclear Facilities Safety Board objected and invoked
the Atomic Energy Act against the Secretary of Energy. In case 2, a
flawed DOE contractor policy (procedure) revision process led to
packing nuclear waste with a bag of organic kitty litter, resulting in a US
$2 billion accident. Case 2 further involved the DOE policy regarding
how the NNSA should manage its contractors. In summary, case 1
involved safety in nuclear facilities, and case 2 safety in nuclear waste
facilities. Others have previously discussed case 2 (Ialenti, 2021; Klaus,
2019); however, these studies did not and could not exhaust the issues in
this complex set of facts. This is evidenced by the voluminous govern-
ment documents we used as sources: the DOE Inspector General Man-
agement Alert (Department of Energy Inspector General, 2014)
comprises 14 pages, DOE Phase 1 Accident Investigation Report (DOE
OEM Accident Investigation Board, 2015) 302 pages, DOE Phase 2 Ac-
cident Investigation Report (Accident Investigation Board, 2015) 394
pages, and the Technical Assessment Team report (Technical Assessment
Team, 2015) comprises 277 pages.

Results

Case 1: department of energy occurrence reporting [Safety in nuclear
facilities]

Department of Energy Orders (DOE O) are documents that are sub-
sets of DOE Directives. Directives include policies, orders, notices,
manuals (currently being phased out), and guides. They comprise a
policy-based order applicable to DOE entities and a Contractor Re-
quirements Document, which can be made applicable to DOE contrac-
tors by contract. Directives are documents in which the DOE sets,

communicates, and institutionalizes policies, requirements, re-
sponsibilities, and procedures for departmental elements and
contractors.

The DOE Order in this case governs occurrence reporting, or collo-
quially, accident reporting. The purpose of occurrence reporting is “[t]o
notify Department of Energy (DOE) personnel, including National Nu-
clear Security Administration (NNSA) personnel, about events that
could adversely affect the health and safety of the public or the workers,
the environment, DOE missions, or the credibility of the Department”
(DOE O 232.2A, sec. 1). From its issuance in 1990 through August 1,
2018, DOE received 72,000 occurrence reports (Ruocco, 2018a).

DOE engaged in continuous quality improvement over the occur-
rence reporting Order, as evidenced by numerous revisions from 1990 to
2016. DOE-wide occurrence reporting first emerged in DOE O 5000.3A,
Occurrence Reporting and Processing of Operations Information, issued in
May 1990. DOE O 5000.3A was superseded in 1993 (DOE O 5000.3B
Chg 1, Occurrence Reporting and Processing of Operations Information),
1995 (DOE O 232.1, Occurrence Reporting), 1997 (DOE O 232.1A,
Occurrence Reporting and Processing of Operations Information), 2003
(DOE O 231.1A, Environment, Safety, and Health Reporting), 2011 (DOE O
232.2, Occurrence Reporting and Processing of Operations Information),
and 2017 (DOE O 232.2A, Occurrence Reporting and Processing of Oper-
ations Information). Only two of these preceding versions were consid-
ered significant revisions, namely DOE O 5000.3B issued in 2003 and
DOE O 232.2A in 2017.

In 2016, DOE introduced a pilot process “to revise DOE orders using
diverse team members (Federal and contractors) that hold leadership
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positions in the communities that they represent” (Ruocco, 2018b). This
team structure and process were formalized to some extent the following
year in DOE O 251.1D, Departmental Directives Program, as an Integrated
Project Team (IPT). DOE tasked the 2016 IPT with evaluating DOE
Manual 232.1-2, Occurrence Reporting and Processing of Operations In-
formation. Under Appendix B of DOE O 251.1D, membership of an IPT
must comprise all affected groups including the Offices of Primary In-
terest, DOE headquarters program and staff organizations, DOE field/-
site offices, and laboratories. In this pilot, IPT members were Federal and
contractors comprising senior-level management, subject matter ex-
perts, and occurrence reporting practitioners from across the DOE. The
2016 pilot IPT for 232.2 was instructed to (Perry, 2017, Enclosure 1,
page 1):

“Develop and present the ‘Commander’s Intent’ for DOE O 232.2 by
clarifying the purpose of DOE’s event reporting in terms of signifi-
cance and the value of lessons learned based on a risk-informed
strategy.

Examine how the DOE Lessons Learned program and site-level
Contractor Assurance Systems could be leveraged to support DOE
corporate learning and improvement. In addition, the IPT was asked
to determine the need and value in reporting/learning of occurrences
of lower significance that may be a precursor or near-miss to a more
significant event and how this data can include corporate learning
and lessons learned for DOE.

Identify how tailoring of the Order requirements at the Program
Secretarial Office (PSO) level could be used to balance critical
reporting needs specific to Mission Areas while providing flexibility
to other missions of the Department.”

The IPT’s innovations occur within supervised, measured limits. DOE
0O 251.1D AdminChg 1 Appendix B sets out the IPT Directives Process,
which states, in part (page B-3):

“IPT members must engage stakeholders throughout the IPT process
and provide IPT documents to stakeholders, when appropriate. IPT
members must document these communications, and provide the
tracking sheet to the DRB, the IPT Co-Chairs, and/or the Depart-
mental Directives Program when requested. These stakeholders must
include, but are not limited to: (1) affected program and site offices;
(2) Field Management Council representatives, as requested; (3)
National Laboratory Directors Council representatives, upon DRB
request; (4) the appropriate DOE or NNSA counsel; (5) the Office of
Primary Interest responsible for any DOE Technical Standard being
invoked in the directive; (6) the Office of Policy, Office of Acquisition
Management (MA-61); (7) Field Contracting Officers; (8) CTAs,
when appropriate; and (9) the DOE Departmental Representative to
the DNFSB [Defense Nuclear Facilities Safety Board] for all directives
of interest to the DNFSB.”

Based on two in-person workshops and conference calls to solicit
comments, the 2016 IPT recommended comprehensive changes to the
DOE occurrence reporting Order (Secretary of Energy, 2017, Enclosure
1, page 1):

e “Redefinition of significance categorization levels for reporting to
enhance efficiency of reporting.

e Modification of the time to report events commensurate with risk.

e Reduction in the overall complexity of event reporting [reducing a
six-tier system for categorizing occurrence reporting criteria (Oper-
ational Emergency, Significance Categories 1-4, and R [recurring])
to a three-tier system (High Level, Low Level, and Informational
Level Reports)].

e Better alignment with other required events reporting.

e Clarification of the roles and responsibilities of the Order in accor-
dance with Departmental policy as stated in the Secretary of Energy’s
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memorandum entitled, Department of Energy Roles/Responsibilities
-National Laboratories, issued on October 20, 2016.”

The “[m]ajor focus of the revision” was reportedly “to return the
ORPS order to its original role of event notification” and to recognize
“the important oversight and follow-up role of DOE Field Offices, as well
as the organizational learning value of the information contained in the
ORPS database” (Ruocco, 2018b). DOE O 232.2A underwent the stan-
dard DOE O review and comment cycle and was approved and issued.

However, the Defense Nuclear Facilities Safety Board (DNFSB), who
were members of the IPT, disagreed with the innovations in the pro-
posed revision (Perry, 2017). The DNFSB was created by section 311 of
the Atomic Energy Act, 42 U.S.C. § 2286(a). Its members comprise five
citizens of the United States who are respected experts in nuclear safety.
According to 42 U.S.C. § 2286a(a), “The mission of the Board shall be to
provide independent analysis, advice, and recommendations to the
Secretary of Energy to inform the Secretary, in the role of the Secretary
as operator and regulator of the defense nuclear facilities of the
Department of Energy, in providing adequate protection of public health
and safety at such defense nuclear facilities, including with respect to
the health and safety of employees and contractors at such facilities.”

The technical staff of the DNFSB communicated some concerns to the
IPT during the review and comment cycle of draft DOE O 232.2A. IPT
and DOE senior management accepted all but seven of DNFSB’s com-
ments on the draft Order.

DNFSB’s letter dated May 10, 2017, invoking 42 USC § 2286b(d),
Powers of [DNFSB] Board, states that “the information which the Board
may require the Secretary of Energy to report under this subsection may
include any information ... designated as safeguards information...” The
letter was concerned with the deletion in DOE O 232.2A of the
requirement to report a Potentially Inadequate Safety Analysis (PISA). A
background thereof is furnished below.

Every DOE nuclear facility has a safety basis. According to 10 CFR §
830.3(a) (10 CFR § 830, Nuclear Safety Management governs the safety of
DOE nuclear facilities—reactors and nonreactor nuclear facilities where
an activity is conducted for or on behalf of DOE—to the exclusion of
nuclear waste facilities, which are governed by the Nuclear Waste Policy
Act of 1982, 42 U.S.C. §10,101 et seq.), a safety basis is the documented
safety analysis and hazard controls that provide reasonable assurance
that a DOE nuclear facility can be operated safely in a manner that
adequately protects workers, the public, and the environment. The
Unreviewed Safety Question (USQ) process is the mechanism for keep-
ing a safety basis current. This process comprises reviewing potential
USQs, reporting them to the DOE, and obtaining its approval before
taking any action that involves a USQ. Again, according to the CFR, a
USQ means a situation where:

(1) The probability of the occurrence or consequences of an accident
or the malfunction of equipment important to safety previously
evaluated in the documented safety analysis could be increased.

(2) The possibility of an accident or malfunction of a type different
from any evaluated previously in the documented safety analysis
could be created; or

(3) The documented safety analysis may not be bounding or may be
otherwise inadequate.

The third criterion above is the PISA, i.e., the identification of a PISA
triggers a USQ determination, as described in DOE G 424.1-1C, Imple-
mentation Guide for Use in Addressing Unreviewed Safety Question
Requirements.

In DOE O 232.2A, the DOE deleted the requirement to report PISAs in
the ORPS. In their May 10, 2017 letter, the DNFSB objected and stated
that the DOE would need to establish another mechanism to meet the
notification requirement contained in 10 CFR § 830.

In his October 11, 2017 response (Secretary of Energy, 2017), the
Secretary of Energy stated that the PISA reporting requirement in 10
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CFR § 830 does not specify that the ORPS be used as a notification
conduit. Moreover, a PISA was not yet determined to be an “event”
under the ORPS framework. The procedure under 10 CFR § 830 was as
follows (Secretary of Energy, 2017, Enclosure 1, page 1):

“[o]lnce a PISA has been declared, 10 CFR Part 830 also requires that
the facility personnel perform the unreviewed safety question determi-
nation (USQD) process. If the USQD is positive, then the PISA and the
USQD results are reported into ORPS to notify DOE of the safety analysis
inadequacy.”

The DNFSB also objected to the alleged downgrade by DOE O 232.2A
of positive USQ reporting in the ORPS. DOE O 232.2A effectively
reduced the threat level of positive USQs from Significance Category 2
(i.e., High) to Informational.

However, in his October 11, 2017 response (Secretary of Energy,
2017), the Secretary of Energy also stated that PISAs and USQs were
governed by 10 CFR § 830 and that the outcome of the PISA and USQ
process would not be downgraded by DOE O 232.2A. Rather, the reca-
tegorization of a positive USQ determination report as informational
more accurately reflects the information that a USQ ORPS report would
contain, “while allowing [i.e., without interfering with] the established
USQ processes and procedures at a particular site to work as intended.”

Other changes proposed by the IPT were similarly met with objec-
tions from the DNFSB. For example, the IPT changed the reporting
requirement for Low-Level events. Instead of a Written Notification
Report in 2 days and Final Report in 45, the IPT recommended a single
report (“Written Notification/Final Report”) be issued within 10 busi-
ness days. The DNFSB objected with the “parade of horribles” that “10
business days could be more than 2 weeks at some defense nuclear fa-
cilities” and that “the allowance of only 10 days for the single report
greatly restricts the time allowed for developing and reporting on any
investigative information for these occurrences, including causal anal-
ysis, corrective actions, and lessons learned.” To this, the Secretary of
Energy responded that “this time allotment will allow for event
response” (vis-a-vis spending those first two days writing a report) and
that “Informational and Low Level Reports may be updated at any time.”

Case 2: drum 68660 [Safety in nuclear waste facilities]

On February 14, 2014, Drum 68660 burst open. Packed with nitrate
salt residues from plutonium processing in the 1970s and 1980s at Los
Alamos National Laboratory (LANL), it had been placed half a mile deep
in a salt cavern that was part of the DOE’s Waste Isolation Pilot Plant
(WIPP) operated by Nuclear Waste Partnership LLC (NWS). Located in
southern New Mexico near Carlsbad, WIPP was designed to provide
permanent underground storage for defense-related transuranic (TRU)
waste and transuranic mixed waste. WIPP comprised panels of rooms
with rows and columns. This drum was located in Panel 7, Room 7, Row
16, Column 4, meaning it was surrounded by numerous other drums.
Drum 68660 had been packaged at the LANL Waste Characterization,
Reduction, and Repackaging (WCRR) Facility by the LANL contractor,
Los Alamos National Security LLC (LANS) and LANS contractor Energy
Solutions (Technical Assessment Team, 2015). The DOE Technical
Assessment Team investigating the incident assessed the WCRR waste
(re)packaging procedures as providing limited and conflicting docu-
mentation, noting that the goal of the operation was to produce drums
suitable for shipment to the salt caverns (Technical Assessment Team,
2015). At the time of the breach, no personnel were present in the
storage area, and while no personnel received external contamination,
21 individuals received low-level internal contamination and trace
amounts of radioactive material were detected off-site (Technical
Assessment Team, 2015).

Initial indications of the drum breach came from an alarm triggered
by a Continuous Air Monitor. Isotopic ratios of the air samples were
compared with those calculated from records of the waste drum con-
tents, leading to the identification of candidate drums. Photographic
evidence subsequently confirmed the identity of the breached waste
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drum. On May 1, 2014, both the Carlsbad Field Office and LANL
declared a PISA regarding the potential for untreated nitrate salt-bearing
waste being emplaced. The PISAs were not specifically declared for
WIPP, but for the general concern regarding the dangers of storing un-
treated nitrate salts. This is because PISAs are governed by 10 CFR § 830,
which does not apply to nuclear waste repositories.

The incident triggered a DOE Inspector General Management Alert
(Department of Energy Inspector General, 2014) in which the DOE
identified deficiencies in the LANL procedure revision process. The DOE
had instructed LANL to use a May 2012 technical paper by the LANL -
Carlsbad Operations Difficult Waste Team (DWT). This paper stated that
"Kitty Litter/Zeolite clay" was an acceptable absorbent for packing ni-
trate salts for disposal at WIPP. Nitrate salts can ignite if not stabilized
before drying out, and the silicate minerals in inorganic kitty litter
effectively stabilize urea and ammonia as well as nitrates (Conca, 2014).
The writer of the LANL procedure claimed that he was not provided with
either the May 2012 technical paper or LANL decision letter adopting it;
instead, he relied on handwritten notes calling for using an organic
absorbent. Energy Solutions later claimed that in a meeting between
LANL and Energy Solutions, LANL had verbally approved the use of
“organic” kitty litter.

According to the Inspector General’s Management Alert (Department
of Energy Inspector General, 2014: 4), “LANL’s procedure revision
process did not ensure that all of the appropriate organizations reviewed
changes to the Procedure. According to LANL’s directive for Environ-
mental Programs Procedure Preparation, Revision, Review, Approval,
and Use, responsible line managers and document owners are to assign
SMEs and designate the required review authorities. However, LANL did
not require that an SME review the Procedure change for chemical
reactivity. Further, LANL’s Environmental organization was not
included in the procedure revision process to review documents that
described the handling and processing of hazardous chemicals and
waste.”

The Inspector General also noted deficiencies in the institutional
review process (Department of Energy Inspector General, 2014: 4):
“Under the CCP [DOE’s Central Characterization Project]/LANL Inter-
face Document, LANL has primary responsibility to notify CCP when
there are changes to policies, processes or procedures that may affect
CCP characterization activities or operations. However, the Interface
Document does not require a response from CCP. According to LANL
officials, while the CCP was made aware of the changes to the Procedure,
including the use of the ‘organic’ kitty litter to process nitrate salt drums,
no concerns were identified by the CCP.”

A member of the DOE Technical Assessment Team investigating the
incident later stated that nearly 700 drums at WIPP had similar contents
repackaged with organic kitty litter (these were subsequently isolated
and monitored). Until recently, it was unclear why only Drum 68660
failed (Morrisson, 2017). The thermal runaway of Drum 68660 has now
been modeled, and the hypothesis is that the only unique attribute of
Drum 68660 was that its vent may have been restricted (Hobbs et al.,
2022).

The Los Angeles Times reported that the drum breach contaminated 35
% of the underground area of WIPP (Vartabedian, 2016). The DOE Phase
2 Accident Investigation Report (Accident Investigation Board, 2015)
presented a more measured assessment, stating that only alpha
contamination was detected (general surface alpha contamination levels
in Room 7 of 8000-40,000 dpm [disintegrations per minute], Room 6 of
10,000-20,000 dpm, and Room 1 of 6000-28,000 dpm).

The Los Angeles Times also reported that the direct cost of the cleanup
totaled US$640 million (Vartabedian, 2016). The DOE disputed this
figure, reporting a total cost of US$244 million, plus US$270-398
million for ventilation system upgrades that were only partly due to the
event (Mosher, 2016). The Times further asserted that WIPP would need
an additional 7 years to recover from the backlog, which at an estimated
US$200 million per year, totals US$1.4 billion. In fact, WIPP resumed
operations on June 2, 2018 after an estimated direct cost of US$242



S. Cunningham et al.

million (WNN, 2018).

The DOE Phase 1 Accident Investigation Report (Accident Investi-
gation Board, 2014: ES-6) identified the root cause (causal factors that if
corrected, would prevent the recurrence of the same or similar acci-
dents) as “NWP’s and CBFO’s [Carlsbad DOE Field Office] management
failure to fully understand, characterize, and control the radiological
hazard. The cumulative effect of inadequacies in ventilation system
design and operability compounded by the degradation of key safety
management programs and safety culture resulted in the release of
radioactive material from the underground to the environment, and the
delayed/ineffective recognition and response to the release.” The Report
further identified eight contributing causes (events or conditions that
collectively, with other causes, increased the likelihood or severity of an
accident but that individually did not cause the accident):

e Implementation of the NWP Conduct of Operations Program was not
fully compliant with DOE O 422.1, Conduct of Operations.

e NWP did not have an effective Radiation Protection Program per the
10 Code of Federal Regulations (CFR) 835, Occupational Radiation
Protection.

e NWP did not have an effective maintenance program.

e NWP did not have an effective Nuclear Safety Program per 10 CFR
830 Subpart B, Safety Basis Requirements. The conservatism in the
Documented Safety Analysis (DSA) hazard/accident analysis and
corresponding Technical Safety Requirement (TSR) controls had
decreased over time.

e NWP’s implementation of DOE O 151.1C, Comprehensive Emergency
Management System, was ineffective.

e The site safety culture did not fully embrace and implement the
principles of DOE Guide (G) 450.4-1C, Integrated Safety Management
Guide. There was a lack of a questioning attitude, reluctance to raise
and document issues, and an acceptance and normalization of
degraded equipment and conditions. The execution of the NWP
Contractor Assurance System (CAS) per DOE O 226.1B, Imple-
mentation of Department of Energy Oversight Policy, was ineffective.
The execution of the CAS did not identify precursors to this event or
the unacceptable conditions and behaviors documented in this Phase
1 report.
CBFO oversight per DOE O 226.1B was ineffectively executed. CBFO
failed to establish and implement adequate line management over-
sight programs and processes and hold personnel accountable.
Oversight of DOE Headquarters (HQ) line management was inef-
fective. DOE HQ failed to ensure that CBFO was held accountable for
correcting repeatedly identified issues involving radiological pro-
tection, nuclear safety, Integrated Safety Management (ISM), main-
tenance, emergency management, work planning, and control and
oversight.

According to DOE O 225.1B, Accident Investigations, members of an
Accident Investigation Board must include a DOE Accident Investigator.
Furthermore, all members of the Accident Investigation Board must be
DOE Federal employees with subject matter expertise in areas related to
the accident, including knowledge of the Department’s ISM directives.
In addition, both the Chairperson and DOE Accident Investigator must
be selected from a duty station different from the accident location. The
Phase 1 Accident Investigation Board included members from the DOE
Office of Environmental Management (DOE-EM), DOE-EM Office of
Environmental Management Consolidated Business Center, DOE-Idaho,
Mine Safety and Health Administration, staff of the Chief of Nuclear
Safety, Oak Ridge Laboratory Office of Environmental Management,
Idaho Field Office, Carlsbad Field Office, and Richland Operations
Office.

The DOE Phase 2 Accident Investigation Report (Accident Investi-
gation Board, 2015: ES-2) attributed the event to the procedure itself
rather than to the procedure development process, stating, “[i]f LANL
had adequately developed and implemented repackaging and treatment

Journal of Innovation & Knowledge 10 (2025) 100840

procedures that incorporated suitable hazard controls and included a
rigorous review and approval process, the release would have been
preventable.”

The DOE Phase 2 Accident Investigation Board included members
from the DOE-Idaho, NNSA, DOE OEM, and Oak Ridge Laboratory Office
of Environmental Management.

The Phase 2 Report stated that the NNSA Los Alamos Field Office
(NALA) failed to provide the required oversight over LANL (Accident
Investigation Board, 2015):

“DOE O 226.1B requires that each DOE field element establish an
effective contractor oversight program. The Board identified that NALA
relies substantially on the DOE Facility Representatives to provide
contractor operational oversight. While it is the primary job of the DOE
Facility Representatives to provide contractor oversight, there was no
identification of a DOE SME in the area of waste remediation or CCP also
performing contractor operational oversight. During interviews with the
Facility Representatives and review of the NA-LA organizational chart,
there was no identification of a DOE expert in this area for the Facility
Representatives to reach out to for support.”

The Phase 2 Report also stated that the LANL CAS was not in
compliance with DOE O 226.1B, as it did not identify error precursors
(unfavorable conditions that increase the probability of error during a
specific action and create error-likely situations) to the event.

Discussion

We now consider each case separately before identifying and dis-
cussing cross-case themes.

DOE O 232.2A

In the 2016 pilot process, the DOE used the policy revision process as
a means and the institutional policy as a venue for encouraging insti-
tutional innovation. Specifically, the policy process was formal and
included institutional review by the IPT, including its member, the
DNFSB. The formation and deployment of the IPT represented an
instance of organizational learning and innovation by the DOE,
evidencing an instrumental goal of engaging diverse stakeholders. The
DOE directed the IPT to engage in several outcome-oriented revisions to
DOE 232.2, driven partly by the DOE’s commitment to continuous
quality improvement (Table 1). The DNFSB objected to numerous re-
visions, either due to their prioritization of traditional practices or as a
matter of precaution. Reportedly, the DOE considered many of the then-
current reporting practices as formalities (Table 1).

The pilot process did not require the IPT to engage in radical inno-
vation. The IPT charter specified neither radical nor incremental

Table 1
Case Study 1: DOE Occurrence Reporting (Safety in Nuclear Facilities).

Category Instrumental Evidence

Formation of the Integrated
Project Team (IPT)
Outcome-Oriented Revisions

Establishment of the IPT to engage diverse
stakeholders for policy revision

Redefinition of significance of categorization levels
and streamlining of reporting processes;
modification of the time to report events
commensurate with risk; reduction in the overall
complexity of event reporting; better alignment
with other required event reporting; clarification of
the roles and responsibilities of the Order per
Departmental policy

Ongoing revisions driven by feedback and lessons
learned from past incidents

Continuous Quality
Improvement

Category Ceremonial Evidence

Defense Nuclear Facilities Safety
Board (DNFSB) Objections
Prior Practices as Formalities

The DNFSB objected to changes, prioritizing
traditional practices.

Previous occurrence reporting practices served
mainly to meet compliance requirements.
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innovation (e.g., Norman & Verganti, 2014). Rather, it was to engage in
organizational learning, effectively extending that of the DOE that
resulted in the formation of the IPT. Since their work product was an
update to the Directive DOE O 232.24, it served as a mediating artifact
for knowledge and innovation. As the IPT was constrained by the pilot
process and later by the Directive DOE O 251.1D, its activities were
supervised and measured.

We view the 2016 IPT-recommended changes to the DOE occurrence
reporting Order (Secretary of Energy, 2017, Enclosure 1, page 1) as
representing a rejection of ceremonial values by the IPT and DOE from
an institutional change theory perspective (Bush, 1987). The DNFSB
objected that PISAs were no longer to be reported in the ORPS and that
USQs were now reported in the ORPS in the Informational significance
category. However, there was never any requirement to report PISAs in
the ORPS or USQs at significance categories higher than informational,
indicating that the previous practices were ceremonial. These previous
practices exemplified ceremonial “encapsulation” of instrumental re-
ports. The explanation or interpretation of this dispute may be that the
DNFSB did not understand 10 CFR § 830 or that it reasonably differed in
its interpretation of the requirements. However, equally, the members of
the DNFSB may have felt their power was being undermined and that
they were being sidelined by the DOE: they, the DNFSB, were a statutory
authority, whereas the IPT was merely a discretionary pilot project. The
IPT was being consulted, but not the DNFSB. The DNFSB responded to
the IPT by reasserting the existing ceremonial encapsulations. In short,
the IPT innovated, and the DNFSB responded as a potential check on the
IPT’s innovations. To add insult to injury, the DNFSB’s conservative
recommendations to the DOE were rejected, prompting them to seek to
maintain the distinction of their privileged status through an appeal.
However, the positions adopted by the DNFSB regarding the proposed
changes to DOE O 232.2A lacked support in 10 CFR § 830 and in
practice.

The DOE demonstrated dynamic capabilities when it innovated,
developed, and used the IPT. The DOE decision memorandum to revise
the Order stated, “Revisions to this Order will help the Department
better accomplish its mission by improving consistency in imple-
mentation, reducing duplicative reporting, increasing quality of
reporting, and clarifying roles and responsibilities.” Here, the DOE
sought to “maintain competitiveness through enhancing, combining,
protecting, and, when necessary, reconfiguring the business enterprise’s
intangible and tangible assets” (Teece, 2007) through the adoption,
reconfiguration, and transformation of new routines and processes, i.e.,
the pilot of the IPT and adoption of its specific recommendations.

Drum 68660

The procedure revision that resulted in the use of organic versus
inorganic kitty litter did not undergo a formal policy process. Notably, it
did not undergo institutional review, and the procedure writer’s work
was unchecked by subject matter experts as required. Where institu-
tional review was necessary, it was one-sided, as in the instance of the
CCP/LANL interface, where the CCP was not required to comment on
LANL’s proposed procedure changes. Though not explicitly stated, the
analyses possibly resulted in corrective actions—organizational lear-
ning—to prevent similar events. This is suggested by the vital role of
institutional review in the subsequent Phases 1 and 2 Accident Investi-
gation Boards. DOE O 225.1B, Accident Investigations, ensures broad and
expert review. Some of these subject matter experts were required to
come from outside the affected and impacted organization. This evi-
dences a change in perspective regarding the value of institutional re-
view, viewing it as instrumental rather than ceremonial. The subsequent
comprehensive investigation and root cause analysis, culminating in a
recommendation for enhanced oversight, demonstrated DOE’s instru-
mental values (Table 2). Conversely, the contractor engaged in what
turned out to be an inadequate review with informal processes (Table 2).
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Table 2
Case Study 2: Drum 68660 (Safety in Nuclear Waste Facilities).

Category Instrumental Evidence

Comprehensive Investigation Detailed investigation following the breach
identified procedural failures and led to actionable
insights.

Recommendations for improved oversight and
review processes emerged from the investigation.
The accident investigation identified root causes
and contributing factors.

Recommendation for
Enhanced Oversight
Root Cause Analysis

Category Ceremonial Evidence

Inadequate Review Effective engagement of subject matter experts was

Process lacking in the procedure revision process.
Prior Compliance as Previous procedural review processes were merely
Ceremonial formalities designed to meet regulatory requirements.

Cross-Case themes

In both cases, institutional policy and procedure played a significant
role in cross-organizational knowledge sharing and innovation. They
provided employees with a site for supervised, measured collaboration
for knowledge sharing, organizational knowledge construction, and
organizational innovation, all of which are instrumental rather than
ceremonial.

More than motive, innovation in institutional policy requires means
and opportunity. Institutional review played a vital role in both cases,
providing the means and opportunity for knowledge sharing and
communal innovation. In the DOE O 232.2A case, the then-pilot IPT
Directives Process, later formalized in DOE O 251.1D, enabled institu-
tional review during the revision drafting process. In contrast, in the
Drum 68660 case, the accident was attributed to the lack of institutional
review, while the subsequent accident investigation boards were cross-
and extra-organizational. These observations highlight the crucial role
of institutional review in enterprise-wide knowledge and innovation.
This is significant because a firm’s organizational structures can
discourage or prevent cross-organizational knowledge sharing and
innovation. Within a firm, chains of command; lines of managerial au-
thority and responsibility; and statutory, regulatory, and contractual
requirements can stifle intra-firm cross-organizational knowledge
sharing and innovation. The presence of a mediating artifact, along with
the license to contribute to it, provides the means and opportunity to
share knowledge and innovate communally.

Institutional review of institutional policy also provided a shared
plan for the organizations. This shared plan allowed for supervised,
measured, and coordinated efforts across boundaries of authority and
responsibility. Here, institutional review provided a supervised,
measured way to horizontally integrate the organizations.

In the DOE O 232.2A case, the DOE showed no deference to cere-
monial values. It innovated with the appointment of a non-statutory
committee of stakeholders (the IPT), bypassing a statutory body (the
DNFSB). It implemented IPT’s recommendations such as reducing
duplicative reporting against the wishes of the DNFSB. In the Drum
68660 case, LANL similarly showed no deference to ceremonial values,
but rather an excess thereof. LANL, under the leadership of LANS, ac-
cording to the Inspector General, did not have an effective or sufficient
institutional review process for changes to policy and procedure. While
some reviews may be arguably excessive or pro forma, the cost of an
ineffective and insufficient institutional review process in this case was
hundreds of millions of US dollars.

Avoiding decontextualization

Jackson et al. (2019) argued that reductionism decontextualizes by
focusing on individual behavior, that grand theory decontextualizes by
focusing on ahistorical abstraction, and that both approaches decon-
textualize by neglecting the linkages between the micro level (actors)
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and macro level (time, space, and numbers). In these cases, we presented
the micro-level view. We now provide the macro-level view and inves-
tigate potential micro-macro linkages.

Macro-Level context

A relevant macro-level phenomenon involves differing institutional
logic, in case 1 possessed by the DOE and in contrast, the DNFSB, and in
case 2 by the DOE and in contrast, LANS. The institutional logics
approach theorizes that “organizations may be permeated by multiple
competing or contradictory institutional logics given by wider societal
context” (Jackson et al., 2019). We return to the phenomenon of
differing institutional logic in the micro-macro linkages section 4.4.2.

Accountability is another macro-level phenomenon. In the abstract,
we refer to the accountability of an agent to its principal, or of a prin-
cipal to whomever it reports. The NNSA is accountable to the DOE, and
both the NNSA and DOE are accountable to Congress. The LANL Director
must hold a physics Ph.D. because every year, he must testify to
Congress on the readiness of the nation’s nuclear stockpile. Under DOE
Order 226.1B, Implementation of Department of Energy Oversight Policy,
the NNSA is accountable to its parent organization, the DOE, for the
supervision of its management and operations (M&O) contractors. In
addition, the Objective of DOE Order 232.2A refers explicitly to the
credibility of the DOE. One strand of principal-agent theory (Laffont &
Martimort, 2009) relates to the credibility of the principal, which does
not arise from the performance of the agent, but r from the principal’s
“credible commitment” (to the mission, to democracy, etc.) as evidenced
by its delegation to an (independent) agent (Knott & Miller, 2006;
Mueller & Pereira, 2020).

The United States federal government contracts with industrial en-
tities that manage and operate federally funded research and develop-
ment centers (FFRDCs) such as the United States National Laboratories.
In these cases, the national laboratories are the FFRDCs, and the federal
government is represented by the DOE/NNSA. In its most abstract form,
in these cases, the DOE or its subagency NNSA is the owner, the in-
dustrial entity the principal, and the laboratory staff collectively serve as
the agent. This owner-principal-agent approach to national laboratory
management emerged not out of ideology or theory, but because of the
exigencies of war: the first three national laboratories, at Los Alamos
(New Mexico), Hanford (Washington), and Oak Ridge (Tennessee), were
established for war-related nuclear research and development. The
concept was so successful that 17 national laboratories now operate
under the DOE.

However, long-standing opinions hold that there is a “broken trust”
between the DOE and national laboratories, to the extent that new
governance models and new missions for these laboratories have been
suggested (Commission to Review the Effectiveness of the National
Energy Laboratories, 2015: iv, 12; Curtis et al., 1997). In fact, concern
over the management of the weapons mission led Congress to establish
the NNSA within the DOE in the 1990s (Commission to Review the
Effectiveness of the National Energy Laboratories, 2015). These new
suggested governance models included managing the laboratories
through a government-owned corporation (SEAB, 1995). The new mis-
sions included industrial competitiveness and industrial ecology (Curtis
et al., 1997). However, these opinions and suggestions resulted in a
mountain of incompatible recommendations and expectations for action
(Curtis et al., 1997), leading to scope creep. Even the NNSA broadened
the mission of the laboratories from nuclear weapons to national secu-
rity, prompting a recommendation from the Commission that “Congress
recognize that maintenance of the stockpile remains the core mission of
the Labs” (Commission to Review the Effectiveness of the National En-
ergy Laboratories, 2015).

DOE began competing for the national laboratory M&O contracts in
1995. In 1997, the DOE changed its procurement regulations to conform
to the Competition in Contracting Act of 1984 (CICA). The DOE com-
petes for a national laboratory contracts if the current contractor’s
performance is considered unsatisfactory, if the potential for improved
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cost or technical performance through competition is identified, if viable
competitive alternatives are determined to exist in the marketplace,
and/or if the changing focus of the laboratory mission has stimulated
interest in considering competitive procurements. We return to this
feature in the macro context when discussing the micro-macro linkages
in the next section.

Micro-Macro linkages

We first apply the macro theme of differing institutional logic to the
cases. In case 1, the DOE imposed an innovation agenda or ecosystem
through the IPT, resulting in a change or recursive cultural evolution in
institutional logic from the safety and security of redundancy to the
efficiency of innovation. This exemplifies the historically contingent,
non-deterministic nature of the context. The DNFSB did not approve of
the innovation and its institutional logic differed from that of the DOE.
Either the DNFSB wanted to retain its ceremonial power—it had
objected to several provisions in the draft DOE O 232.2A, seven of which
were rejected, which must have been perceived as more than an
insult—or it genuinely valued the security of the older, more precau-
tionary reporting requirements such as using the ORPS as the notifica-
tion conduit for PISAs or predetermining events as PISAs or USQs as
high-level safety concerns. In case 2, the DOE maintained the institu-
tional logic that institutional review is instrumental, whereas LANS
operated under the institutional logic that it is ceremonial. Both cases
establish the principle that an owner must align its principal’s institu-
tional logic (e.g., its values) with its own, or that a principal must align
its agent’s institutional logic with its own. This principle does not
change with context.

We now apply the macro theme of organizational accountability to
the cases. For both cases 1 and 2, we observe that the DOE most recently
competed for the LANL M&O contract in 2007, the SNL M&O contract in
2017, and the LANL contract in 2018. Regarding LANL, the 2014 kitty
litter event was cited by the NNSA as a reason for competing for the
LANL M&O contract (General Accounting Office, 2020). This explicitly
establishes the micro-macro level linkage for case 2. However, the NNSA
also cited the 2015 Electrical Arc Flash Event (Williams, 2016) and
suspension of operations at the PF-4 facility from June 2013 to
September 2016 for safety and operational issues (General Accounting
Office, 2020). These events followed the 2011 nuclear criticality viola-
tion (Malone, 2017). Regarding SNL, the DOE’s Office of Inspector
General concluded that the then-contractor Lockheed Martin wrongfully
used federal funds provided to Sandia for lab operations to lobby for a
no-bid contract extension it received (Friedman, 2014). Regarding
LANL, reportedly, “UC had operated both Los Alamos and Lawrence
Livermore labs since their inception, but pressure to open the contracts
to competitive bidding began a few years ago due to congressional
displeasure over security breaches and operational problems at the labs”
(Chemical & Engineering News, 2007). These facts are also relevant to
case 1, with its themes of continuous quality improvement and elimi-
nation of redundancy and inefficiency. The incidents stated in the pre-
ceding paragraph are detrimental to credibility and mission readiness.
The purposes of the abovementioned revisions to DOE 232.2A are
consistent with the goal of operational improvement.

We now interpret these linkages through the metatheory of critical
realism (Bhaskar, 2014) and its progeny methodology of retroduction
(Belfrage & Hauf, 2017). Critical realism is characterized by ontological
realism (there exists a reality independent of our minds), epistemolog-
ical relativism (our knowledge of reality is fallible), and judgmental
realism (but we have the capacity to assess which explanations are more
credible; Danermark et al., 2019; Rybczynska-Bunt et al., 2021). Along
these lines, “retroduction is the mode of inference in which events are
explained by postulating mechanisms which are capable of producing
them” (Sayer, 1992). Retroduction proceeds by asking what must be true
for events to be possible. What must be true for a principal to feel they
could eliminate precautionary redundancies in their policy process?
They must have believed that these redundancies were ceremonial.
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What must be true for a policy writer to feel he could rely on hand-
written notes? Or what must be true for a contractor to give verbal
approval to its subcontractor for a momentous procedural change? They
must have believed that formal or institutional review was ceremonial.
Both these findings illuminate an underlying culture that exhibits
disdain for organizational learning. We summarize this in Table 3.

Conclusion

Before returning to our research question, it is worthwhile to discuss
the differing orientations of instrumental and ceremonial institutional
review vis-a-vis key characteristics (Table 3). Rather than repeating the
content of Table 3, we observe that instrumental institutional review
focuses on achieving meaningful outcomes and improvements. It in-
volves applying oneself to the task and engaging others. It requires a
commitment to the success of the enterprise. Instrumental institutional
review is a topos, in which the observer’s logic is integral to what he is
observing, such that the physical unfolding of the enterprise is identical
to the process of reflecting thereon. Instrumental institutional review
does more than govern the enterprise. It how the enterprise learns about
and creates itself.

Long-Term implications

Recursion within an innovation ecosystem played a theme in these
cases in a myriad of ways, from the recursive nature of institutional
review to cultural evolution in the change of institutional logic that
occurred with the DOE’s imposition of an innovation agenda or
ecosystem, to the self-referential nature of the value judgments of la-
beling something as instrumental or ceremonial. Knowledge construc-
tion occurs through reflection. An organization constructs
organizational knowledge through self-reflection. Institutional review
horizontally integrates the enterprise by enabling the organization to
construct organizational knowledge itself and of its context. Institutional
review is a micro-foundation of dynamic capabilities because it enables

Table 3
Key Characteristics of Instrumental and Ceremonial Institutional Reviews.

Feature Instrumental Institutional Ceremonial Institutional
Reviews Reviews
Purpose Focus on achieving Primarily for compliance and
meaningful outcomes and fulfilling formalities;
improvements maintaining power imbalances
Stakeholder Involves diverse Limited involvement, often
Engagement stakeholders including excluding key stakeholders

Decision-Making

subject matter experts
Data-driven and evidence-

Based solely on tradition or

Basis based evaluations superficial compliance
Focus Emphasis on process Emphasis on following
effectiveness and established procedures
operational improvements disregarding opportunities for
innovation
Adaptability Encourages questioning Reinforces the status quo and

Impact on Policy

and revising existing
practices

Leads to meaningful
changes in policies and
procedures

resists necessary changes

Results in cosmetic or no
substantive changes

Accountability Clearly defined roles and Undefined responsibilities,
responsibilities for leading to lack of ownership
implementation

Monitoring Establishes systems to track  Lacks mechanisms for

Mechanisms effectiveness and evaluating impact or
compliance compliance

Communication Effective dissemination of Poor communication, limiting
findings and stakeholder understanding
recommendations

Feedback Facilitates ongoing Limited opportunities for

Mechanisms feedback and iterative feedback, leading to

improvements

disengagement

10

Journal of Innovation & Knowledge 10 (2025) 100840

an institution to change rapidly. Institutional policy is organizational
knowledge and innovation, but a chasm lies between knowledge and
wisdom. The best institutional policy aspires to be organizational wis-
dom, and the recursion of institutional review enables the organization
to distill that knowledge into wisdom. The prescription is that an or-
ganization should professionalize its policy system with policy special-
ists and a structured policy process.

Research questions

Reverting to our main research question, we find that institutional
review of institutional policy formation and revision is instrumental
rather than ceremonial. As the DOE noted, institutional policy is not self-
executing (Accident Investigation Board, 2014). More fundamentally, it
is not self-updating or self-reviewing. The DOE Directives provide op-
portunities for organizational learning, knowledge construction, and
innovation. While the existence of an enterprise-wide institutional pol-
icy office is essential for horizontally integrating the enterprise, it is not
a sufficient condition. It is also necessary to adopt institutional review in
the policy process, at least by impacted and affected organ-
izations—generously determined—for both new policies and policy
revisions.

Regarding the role of institutional policy and procedure in cross-
organizational knowledge sharing and innovation, in the DOE nuclear
and nuclear waste facilities context, the case studies show that intra-firm
cross-organizational innovation can be facilitated through institution-
wide review of institutional policies (new policies, revisions) within
the institutional policy process, such that institutional policies serve as
collaborative mediating artifacts that facilitate and foster cross-
organizational innovation. This collaborative management leads to the
development of dynamic capabilities (Teece et al., 1997), which are
hallmarks of high-flex organizations.

We find that institutional policy is a mediating artifact for knowledge
and innovation, and institutional review enables cross-organizational
collaboration in knowledge creation and innovation. However, institu-
tional review enables not only institutional policy to function as a
mediating artifact for knowledge and innovation, but also as institu-
tional controls, supervision, or limits on those activities. Institutional
review acts as a quality assurance/quality control mechanism over
institutional policy. It also enables the organization to explicitly address
the degree of the proposed innovation, for example, whether the inno-
vation shall be incremental or radical.

We find that institutional policy is an internal institution, but parts
thereof can have their origins in external institutions, as in the cases
where the policy restates or implements law or regulation. Only
authorized governmental institutions can change or innovate the law,
while a non-governmental institution can change or innovate how they
comply with the law.

Regarding how institutional change occurs in “big science” contexts,
we find that the DOE and its “big science” program demonstrated dy-
namic capabilities without the external forcing function of a mishap;
thus, institutional change or transformation, in a big science context, can
occur endogenously.

Limitations and future research

This research is limited by the scope and context of its cases, namely
DOE Directives in nuclear and nuclear waste facilities. Specifically, it is
limited to the highly regulated and complex environment of DOE’s nu-
clear operations and facilities, which may restrict the generalizability of
the findings to other sectors or organization types. However, as dis-
cussed in section 4.4, we address this perceived limitation as an example
of decontextualization and consider the study in micro-macro terms.

History is written by the victors, which in this case, the DNFSB was
not; however, from the records we have, we cannot determine whether
the DNFSB was acting per ceremonial values or in accordance with a
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specific type of instrumental value known as the precautionary principle
(Marinakis et al., 2016). The precautionary principle holds that the lack
of scientific evidence does not preclude action if the damage would
otherwise be serious and irreversible; for instance, the lack of evidence
that an event is not yet a PISA does not preclude acting as if it were one
or the lack of evidence that a USQ is not yet a high-level safety concern
does not preclude acting as if it were. In effect, the DOE was rejecting the
precautionary principle in these situations in favor of innovation.
Meanwhile, he DNFSB might have been reasserting its support for the
precautionary principle. Determining the DNFSB’s motivation will not
change the conclusions of this case study. Institutional review is not
intended to resolve all disagreements; rather, it provides a forum in
which to air, discuss, and resolve them. The draft Directive was a site for
organizational knowledge construction and innovation. If it indeed
represented a rejection of the precautionary principle, then that rejec-
tion was still an innovation that emerged from the IPT’s innovation
ecosystem.

In general, the instrumental-ceremonial values dichotomy represents
a logic or discourse of colonization. For example, from within a religion
or culture, rituals are essential to believers; however, those outside that
religion may label the same rituals as ceremonial. This is illustrated by
the seminal case of the ceremonial-instrumental dichotomy, the Tro-
briand Islander canoe construction (Bush, 1987, citing Malinowski,
2013 [1922/1994]). The Trobrianders believed in magic, and to them,
the interruption of building to perform magical rites is instrumental. To
a non-believer, the rites are ceremonial. Here, a decolonization of the
instrumental-ceremonial values dichotomy might provide a more
contemporary perspective on how organizations construct knowledge
and innovation.

We had preconceived notions about the instrumental nature of
institutional reviews, which may have influenced our interpretation of
the findings and data. To mitigate this bias, we adopted an
understanding-driven rather than proof-driven approach (Poulis et al.,
2013), selecting cases based on relevance and focus rather than
attempting to prove a point. Our emphasis is on institutional review in
the nuclear operations of the DOE. Besides this check for contextual
appropriateness, no other pre-selection steps were taken. When we
began the multiple case study, we were uncertain about where the cases
would lead us or how they would conclude.

The lack of a clear understanding regarding the specific trigger for
the failure of Drum 68660, especially given the presence of many similar
drums, could be viewed as a shortcoming in the depth of our case
analysis. Nonetheless, the case illustrates how inadequate institutional
review resulted in a non-compliant substitution.

Finally, policy revisions are projects, not operations; thus, they have
schedules rather than cycle times. A policy revision, during the process
of discovering institutional review, may turn out to be extraordinary
rather than routine, potentially causing significant delays in the
schedule. Such delays could be misinterpreted as evidence against
institutional review, unnecessarily impacting “revision cycle time,” if
stakeholders do not recognize that the nature of policy revision is
project-based with a project schedule, not operational with a cycle time.
We did not address how such misunderstandings might affect stake-
holders’ perceptions of the value of institutional review.
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