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ABSTRACT
Small and medium-sized engineering (SME) consultancies in construction accumulate project knowledge that stays tacit and is lost when teams disband. Post-mortem reports are written, filed, and rarely read again. This paper presents a design for representing and evolving that knowledge and reports its instantiation in the production project platform of a Danish SME engineering consultancy. The main contribution is a three-layer architecture that turns each lesson learned into an inspectable conditional rule, which the system fires when a new project matches the context the lesson came from. Adapting the Personal Knowledge Management System (PKMS) framework from individual to organisational use, a lesson is held as a meme: a short prose statement in practitioner language paired with predicates over six typed context attributes such as construction class, team size, and project phase. The three layers are a context derivation engine that computes those attributes from records the firm already maintains, so no additional entry of context data is required; a repository where practitioners author memes through a guided form rather than a rule language; and a debriefing mechanism where teams rate active memes keep, amend, or discard. Memetics is used as a bounded design heuristic for variation, selection, and retention, not as a claim about cultural replicators: the artefact is technically a context-triggered, practitioner-governed rule repository. The instantiation establishes technical feasibility: context is computed from existing records, every activation is traceable to the predicates that produced it, and every amendment is versioned. No evaluation of learning, behaviour, or project outcomes has been carried out. The paper states for each design objective what evidence exists and what does not, and specifies a staged evaluation prospectively, including the result that would count against the design.
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1. INTRODUCTION
Construction is project-based: each project is unique, temporary, and assembled from a different combination of clients, sites, and teams, so when it ends the team disbands and execution knowledge is at risk (Scarbrough et al., 2004). Post-mortems are a common formal mechanism for converting that experience into organisational memory (Williams, 2008), yet their outputs are routinely scattered and not effectively reutilised (Debs and Hubbard, 2023), ending in databases that later teams do not consult (Carrillo et al., 2004; Dülgerler and Negri, 2016). Codification is itself an obstacle: Ferres and Moehler (2024) describe ability-to-codify challenges that the intention to codify does not overcome. The problem is sharpest in small and medium-sized enterprises (SMEs), which lag larger firms in knowledge-management (KM) adoption (Hari et al., 2004; López and Yepes, 2024). Studies of AEC SMEs in Turkey and South Africa report tacit-to-explicit conversion as the leading barrier, compounded by unorganised storage, no dedicated KM roles, and little time for reflection (Balaban-Ökten and Gundes, 2018; Aghimien et al., 2019). The firms that depend most on practitioner judgement are least equipped to retain it.
Three questions follow. RQ1: how can a project lesson be represented so that SME practitioners can author it and audit the logic that makes it appear? RQ2: how far can routinely recorded project data drive context-triggered delivery without additional data entry? RQ3: what does an instantiation demonstrate, and what remains untested? The main contribution is a three-layer architecture, built and instantiated inside an SME, that turns each lesson learned into an inspectable conditional rule over automatically derived project context, so that past experience surfaces without being searched for. Adapting the PKMS framework (Schmitt, 2013, 2016) from individual to organisational use, memes are used as a bounded design heuristic rather than an ontological claim about cultural transmission (§2.2): technically the artefact is a context-triggered, practitioner-governed rule repository, and memetics supplies the variation-selection-retention pattern that governs its lifecycle. Two contributions follow: an operationalisation of that pattern as running system logic rather than descriptive metaphor, and three candidate design principles (§6) testable in firms that never adopt this artefact. Human-Data Interaction (Mortier et al., 2014) frames the practitioner-facing layer, treating legibility, agency, and negotiability as design commitments whose contribution to adoption is untested here. The paper reports design and instantiation, not effects; §5.4 states the evidence available for each design objective and specifies the evaluation that would supply the rest.

2. BACKGROUND AND RELATED WORK
The framework draws on three literatures: knowledge management in project-based construction SMEs, memetics as a theoretical foundation for organisational knowledge, and rule-based context-aware delivery as the implementation paradigm. 

2.1 Knowledge management in construction SMEs
The tacit-explicit distinction has anchored KM theory since Polanyi (1958), and Nonaka and Takeuchi (1995) framed organisational learning as the SECI spiral. The approach here engages Externalisation, but carefully: what a meme holds is not tacit competence but a selected practitioner judgement, codified as an explicit, revisable rule. Codification drops contingency, embodied skill, and relational judgement, and Ferres and Moehler (2024) show that intent to codify is not sufficient to achieve it. Externalisation is nonetheless the binding step here, because tacit-to-explicit conversion is the barrier these firms report first (Balaban-Ökten and Gundes, 2018). The recurring problem with post-mortems is then not capture but context-sensitive retrieval (Debs and Hubbard, 2023; Carrillo et al., 2004). Eken et al. (2020) developed and evaluated a lessons-learned tool retrieving by project similarity, the principle behind the activation logic used here. The setting demands KM artefacts that are low-overhead, integrate with existing infrastructure, and reward use rather than impose curation (López and Yepes, 2024).

2.2 Memetics as a foundation for organisational knowledge
Dawkins (1976) introduced the meme as a unit of cultural transmission subject to variation, selection, and retention, and Blackmore (1999) developed it as a basis for collective knowledge. Organisational applications treat memes as an intra-organisational ecology (Weeks and Galunic, 2003), as generalised Darwinism (Hodgson and Knudsen, 2004), and as selection among co-adapted mental replicators (Price, 1995). Those are descriptive theories of how firms change; what is borrowed here is narrower. Memetics is used as a design heuristic: it requires that a repository support variation, selection, and retention as first-class operations, and it makes the absence of any of the three a design fault rather than an omission. The most direct precursor is the PKMS (Schmitt, 2013, 2016), which departs from document-centric KM by making the discrete idea the atomic unit of knowledge. PKMS anticipated Organisational Heritage of Memes Repositories as spin-offs, and to the authors' knowledge this is the first instantiation.
Memetics is contested, and instrumental use does not exempt the design from its principal objections (Aunger, 2000). Three bear on it directly: ideas lack the bounded identity of genes, so the unit is unclear; recipients reconstruct rather than copy, so replication is lossy (Sperber, 1996); and cultural selection is not blind, because practitioners retain knowledge deliberately. Fixing the unit as an authored, versioned rule answers the first, and recording amendment as versioned variation answers the second. The third is conceded rather than answered: selection here is deliberate governance by domain experts, not environmental competition. That concession is why memetics is claimed as a design heuristic and not as an account of how the repository behaves.

2.3 Rule-based systems, context-aware delivery, and HDI
The architecture follows the rule-based expert-systems tradition (Hayes-Roth, 1985): condition-action rules push knowledge to users instead of waiting for them to search, addressing a recurring failure of construction lessons-learned systems (Carrillo et al., 2004). The nearest neighbour is case-based reasoning (CBR), which retrieves and adapts whole past cases by similarity (Aamodt and Plaza, 1994; Watson and Perera, 1997); richer matching again is available from semantic search, ontology-based KM, and information demand patterns (Deng et al., 2022; Lundqvist et al., 2011), at the cost of authoring skill the host firm does not have. Table 1 positions the artefact against these alternatives on the dimensions that decide whether an SME can operate it. Human-Data Interaction (Mortier et al., 2014) frames the practitioner-facing layer through legibility, agency, and negotiability; it is used as a design lens, not as established evidence about adoption.
Table 1: The artefact positioned against alternative approaches to reusing project knowledge, on the dimensions that decide whether an SME can operate it.
	Approach
	Unit of reuse
	Activation
	Authoring, explanation, retirement

	Post-mortem report repository
	Whole report
	Manual search by the reader
	Team authors at closure; no firing logic to explain; no retirement

	Case-based reasoning
	Whole prior case
	Graded similarity, user-initiated
	Cases captured from records; similarity opaque to non-specialists; adaptation left to the user

	Ontology-based KM, semantic search, information demand patterns
	Concept-linked content or role-based need
	Semantic query, role and work situation
	Knowledge engineer or method expert authors; high recall; revision is a modelling task

	This artefact
	One lesson plus its predicates
	Exact match on derived context, system-initiated
	Practitioner authors through a guided form; firing predicates and source values displayed; versioned amendment; discard threshold archives




2.4 Research approach and evidence base
The study follows design science research (DSR). Hevner et al. (2004) set out the principles; the staged sequence of problem identification, objective definition, design and development, demonstration, evaluation, and communication follows Peffers et al. (2007). This paper reports design, development, and demonstration, and specifies the evaluation. Three terms are kept apart. Instantiation means the software exists and runs in an organisational setting; demonstration means it can be shown to address the stated problem on real project data; evaluation means evidence gathered against explicit criteria, and no evaluation in that sense has been carried out.
Four design objectives, implicit in the SME constraints of §2.1, structure the design and the evidence claims. DO1, context-aware delivery: lessons should surface at the point of need without the practitioner searching. DO2, low overhead: context should be computed from existing records, and authoring should not require a rule language. DO3, transparency: a practitioner should see why a meme fired and be able to reshape it. DO4, infrastructure integration: the artefact should operate over the project, finance, and workflow fields SME platforms already expose. Table 4 states, for each objective, what evidence exists and what does not. The artefact was developed in a collaboration between the authors and implemented by the host firm inside its production platform. No interviews, observations, or human-subject data collection were carried out, and no personal data were extracted; what is reported is the system as built.

3. MEMETIC KNOWLEDGE FRAMEWORK
The framework defines three constructs: the meme as the unit of organisational knowledge, the project context attributes as the activation context, and the fitness cycle as the mechanism of variation, selection, and retention. Figure 1 shows how they are realised across the system's three layers.
[image: ]
Figure 1: Conceptual overview of the three-layer memetic knowledge system: fact engine, meme repository, and feedback / fitness evaluation, with the practitioner-facing project platform as the point of interaction.

3.1 Memes as units of organisational knowledge
A meme is a prose statement paired with an explicit activation condition, carrying a short title, a body in practitioner language, author and provenance metadata, predicates over the context attributes, and a fitness score. The pairing keeps the narrative texture that pure rule formalisms strip away while attaching the structure automated retrieval needs. What is codified is a selected judgement, not the underlying competence, so every meme keeps a pointer to its author and originating project for the contingencies the rule cannot carry. Amendment creates a new version and earlier versions remain traceable.

3.2 The activation context and the rule language
The activation context is the set of structured project attributes against which activation is evaluated. Attribute choice is the principal design lever: too few and memes fire indiscriminately, too many and authoring becomes infeasible. Six attributes were selected with the host firm's project managers (Table 2). Each is reliably present in existing records, interpretable without specialist training, and discriminating across the portfolio. Procurement model and contract type were considered and left out because the firm does not hold them in structured form.
The rule language is deliberately restricted. Conditions are typed predicates over these attributes combined by conjunction only; disjunction and negation are unsupported, and a lesson needing either is authored as two memes. Predicates are type-checked against the attribute's domain, so a categorical attribute admits only its declared vocabulary. An attribute the engine cannot compute evaluates to FALSE, which prevents speculative firing but conflates a condition that is not met with data that is absent; the two are therefore logged separately, so memes suppressed by missing data can be recovered during evaluation. Memes whose predicate sets are identical or subsumed are flagged for the repository owner rather than resolved automatically, and each activation record carries the meme version in force at that moment. A meme reads:
IF phase = design AND team_size > 4 THEN show meme L17 WITH provenance = senior structural engineer, project P42, version 3
Table 2: Project context attributes from which meme activation predicates are built in the prototype.
	Parameter
	Type
	Source
	Example values

	Construction class
	Categorical
	Project register
	KK1–KK4 (BR18 konstruktionsklasse)

	Team size
	Integer
	PM system
	1, 2, 3, …

	Budget utilisation
	Percentage
	Finance module
	0–100% (banded)

	Project phase
	Categorical
	PM workflow
	Brief, design, tender, execution, handover

	Client type
	Categorical
	Project register
	Public, private, repeat, one-off

	Duration band
	Categorical
	PM system
	<3 mo, 3–6 mo, 6–12 mo, >12 mo



3.3 Fitness cycle
Each meme carries a fitness score updated through structured feedback. At debriefing the team rates each activated meme keep (relevant and accurate), amend (relevant but needs revision), or discard (did not apply or was misleading). Fitness starts neutral; keep increments it, discard decrements it, and amend carries the score to the new version. A meme falling below a configurable threshold is archived rather than deleted, so its lineage survives. Fitness orders the memes shown for a project, and each activation record stores the fitness held at that moment, so later ratings cannot flow backwards into earlier records. Teams may also author new memes at debriefing, so every project both consumes and contributes.

4. PROTOTYPE SYSTEM DESIGN
The prototype is a thin enterprise layer over the consultancy's existing project-management infrastructure (Figure 1): an ASP.NET Web API backend, a PostgreSQL repository, and a ReactJS panel embedded in the firm's project platform, so practitioners meet memes where they already plan and report. The schema admits a later semantic layer (pgvector embeddings, LLM-assisted drafting), out of scope here.

4.1 Context derivation engine
The context derivation engine, labelled the fact engine in Figure 1, computes the context attributes for each active project. It derives rather than infers: no forward chaining, only feature computation from structured fields in the project register, finance module, and PM workflow: team size from active resource allocation, budget utilisation from the banded ratio of booked to planned hours, phase from the workflow state machine. Values are recomputed on an event-driven basis, so activation tracks the project's evolving state rather than a snapshot at initiation. Practitioners enter no attribute values.

4.2 Meme repository and authoring interface
The repository stores memes as PostgreSQL records holding the prose body, the predicate set, author and provenance metadata, version history, and fitness. Practitioners draft a meme by entering a title and body, then attach conditions through a guided form rather than a free-text rule language: the form offers only the declared attributes, operators, and category vocabularies, so every meme is evaluable by construction. The interface was designed to avoid a specialist rule language; whether it succeeds is a usability question this paper does not answer.
Activated memes appear in the project workspace ordered by fitness, each shown with the predicates that fired it and the source values they were evaluated against, so a practitioner can question the data as well as the logic (HDI legibility). Two feedback events are kept distinct: in the workspace a practitioner may accept or dismiss a meme, logged as uptake and not affecting fitness, while at closure the team rates it keep, amend, or discard, and only that rating changes fitness. Separating them keeps exposure, uptake, and considered judgement as three records, which the evaluation in §5.4 requires.

4.3 Feedback and fitness evaluation
At project closure the system generates a debriefing pack listing the memes active during the project alongside three process indicators tracked during execution: confusion, decision drag, and scope creep, defined in §5.4. The team rates each activated meme with an optional rationale; ratings update fitness and rationales are stored against the meme version. Debriefing closes with an optional authoring step for new memes. The cadence echoes the After Action Review tradition (Morrison and Meliza, 1999), but the output is a persistent change to the rule base rather than a report.

4.4 Worked example
Take the first meme in Table 3, with the predicates shown in §3.2. On a new project the derivation engine sets phase to design and team_size to five, both predicates hold, and the meme appears in the workspace with its firing conditions and source values beside it. If the team splits the package, team_size falls to four at the next recomputation and the meme stops activating; at hand-over it enters the debriefing pack and is rated. Nothing in the loop asks the practitioner to enter context data or to search the repository, which is what the SME constraints of §2.1 require.

5. INSTANTIATION IN A DANISH SME ENGINEERING CONSULTANCY

5.1 The case organisation
The host organisation is a Danish SME engineering consultancy providing structural, mechanical, and project-management services across residential, commercial, and industrial construction. It operates a single web-based project platform covering project register, planning, finance, and team allocation, and runs structured debriefings at hand-over. Like many SMEs it has relied on informal transfer through senior engineers, with the characteristic risks of that model at staff turnover. The prototype was instantiated inside that platform; backend services and the repository run on the firm's internal infrastructure and read live data from it, and the meme panel sits alongside the standard planning and reporting views. The single-site design supports analytical, not statistical, generalisation (Yin, 2014). Because the derivation engine reads the standard fields comparable SME platforms expose, the artefact was designed for portability, which is not the same as having been shown to transfer: field semantics, data quality, workflow, and regulation differ between firms.

5.2 Implementation status
Implementation proceeded in three steps. The data-integration interfaces were built and checked against the firm's historical project records, establishing that the attribute set of Table 2 can be computed across the portfolio without manual entry. A seed corpus of memes was then drafted with senior engineers and project managers at the firm, each lesson translated into prose-plus-predicate form and confirmed with the practitioner it came from. Finally the meme panel was enabled in the project workspace, with activations, accept and dismiss events, and ratings logged for the evaluation of §5.4. The system is a running instantiation, not a completed field trial.
Three memes from the seed corpus are summarised in Table 3, spanning coordination, technical-detailing, and client-management knowledge. They are anonymised paraphrases, and their content is organisational heuristic rather than established fact: coordination overhead rising above four engineers is what one senior practitioner concluded from their own projects. That is why provenance travels with every meme and why the rating cycle exists.
Table 3: Illustrative memes from the seed corpus, as anonymised paraphrases. Each links a prose body to predicates over the context attributes, with provenance to the originating engineer and project.
	Meme title
	Prose body
	Activation conditions
	Source

	Keep design teams small early
	Coordination overhead rises sharply above four engineers detailing one package; split or sequence the work.
	phase = design AND team_size > 4
	Senior structural engineer, prior residential project

	Detailing reserve for KK3 and above
	In KK3 and above, reserve detailing capacity before tender; late-stage detailing tends to exceed budget.
	construction_class ≥ KK3 AND phase ∈ {tender, execution}
	Project manager, prior public-sector project

	Plan for longer public-client approval cycles
	Public clients in tender review tend to need two to three weeks beyond stated decision deadlines.
	client_type = public AND phase = tender
	Project lead, prior municipal commission



5.4 Evidence, and the planned evaluation
Table 4 states what the instantiation establishes for each design objective and what it does not. The pattern is consistent: the mechanisms can be shown to run on the firm's live project data, and nothing yet shows that they change what practitioners know or what projects achieve. Two measurement concerns attach to the rating signal. Reliability: produced collectively at debriefing, the same meme may be scored differently by different teams and may drift toward group consensus, a known risk in After Action Review settings (Morrison and Meliza, 1999). Validity: a keep rating records that a team found a meme plausible, not that it improved the project.
The evaluation is therefore staged rather than a single test. First, technical validity: derivation accuracy against manually verified records, predicate evaluation accuracy, missingness per attribute, and audit-log completeness. Second, usability: task-based tests of authoring, explanation, and amendment, where the claims about the guided form are settled. Third, process evaluation: reach, uptake, and fidelity from the logs of §4.2, with qualitative accounts of use and non-use. Fourth, comparative evaluation: a stepped-wedge rollout, or matched historical controls, so that adoption is not confounded with time.
Only then is an outcome model meaningful. Its unit is the project; its predictor is activation weighted by the fitness each meme held at activation time, which keeps ratings produced after a project out of that project's own predictor; its outcomes are the three process indicators as exposure-adjusted rates rather than raw counts: clarification requests per work package, median days from a decision being raised to resolved, and approved scope additions per work package. Projects share staff, clients, and memes, so estimates require a multilevel model with projects crossed by project manager and client, controlling for duration, phase mix, contract type, team experience, and calendar period. Results will be reported as effect sizes with intervals. A result consistent with the design is a negative association between fitness-weighted activation and the composite indicator. A null result would not on its own refute the mechanism, since it may reflect low power, weak uptake, or measurement error, which is why the earlier stages must come first.
Table 4: Evidence level for each design objective. The mechanisms are demonstrated on live data; none of the effect claims are evaluated.
	Objective
	Mechanism as built
	Evidence available
	Evidence not yet available

	DO1 Context-aware delivery
	Memes activate in the workspace with no search step
	The mechanism runs on live project data
	Whether practitioners notice, read, or act on an activated meme

	DO2 Low overhead
	Six attributes computed from existing records; guided authoring form
	All six attributes are computed without additional data entry
	Authoring effort and error rate; whether the form is usable without support

	DO3 Transparency
	Firing predicates and source values displayed; amendments versioned
	Every activation is logged with the predicates that produced it
	Whether practitioners understand the explanation or act on it

	DO4 Infrastructure integration
	Reads project register, finance module, and PM workflow
	The integration runs against the host platform
	Whether the same fields carry the same meaning in another firm



6. DISCUSSION AND CONCLUSIONS
Operationalising memetics at SME scale required strong restrictions: fitness is a discrete score updated at project closure, and activation runs over a closed attribute set. Each preserves the variation-selection-retention pattern that Weeks and Galunic (2003) and Hodgson and Knudsen (2004) identify as the analytical core of organisational memetics, while giving up the claim that the repository evolves without deliberate governance. The contribution is not theoretical refinement but a demonstration that the pattern can be instantiated as running software inside an active firm rather than reconstructed retrospectively. The artefact occupies a deliberate middle ground: it departs from document-centric repositories, whose failure mode of capture without activation is well documented (Carrillo et al., 2004; Dülgerler and Negri, 2016; Debs and Hubbard, 2023), without adopting ontology-based formalisms (Deng et al., 2022; Lundqvist et al., 2011) that exceed SME authoring capacity.
Three candidate design principles state the knowledge that may transfer beyond the host firm. Each is derived from a single instantiation and not yet validated. First, in an organisation without specialist modelling capacity, fix the knowledge unit at the level the practitioner can author and audit, so authoring stays inside the organisation that holds the knowledge. Second, where the organisation already maintains structured project records, compute the activation context from them, so relevance is calculated rather than declared. Third, where a repository must change as practice changes, make selection an explicit act of expert judgement at an event the organisation already runs, because change needs a scheduled occasion. Each names a context, a mechanism, and an expected outcome, and each is testable in firms that never adopt this artefact.
Four limitations qualify the contribution. The evidence covers design and instantiation only, as Table 4 records. The work covers a single firm, and designing for portability is not demonstrating transfer. The fitness metric is coarse, three levels recorded once per project. And the attribute set assumes the right dimensions of variation have been identified, with procurement model and contract type the most likely omissions. A positionality note is warranted. The third author originated the PKMS framework that this study instantiates, and the second author is employed by the host firm; both carry a risk of confirmation bias in the framing of the artefact and in any evaluation of it. Three features limit that risk: the claims are confined to what the artefact is and whether it runs; the evaluation criteria come from the running system and the firm's practitioners, not from the framework's originator; and the staged evaluation will place data extraction and analysis with an author who has no stake in the framework, with coding audited independently. By moving from passive retrieval to context-triggered delivery, the artefact addresses a failure mode dominant in construction and under-served by academic KM. What it does not yet have is evidence. Future work runs the evaluation of §5.4, broadens the base to a second firm, and tests whether the three principles hold where the artefact does not.
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