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Why does it take so long? Using the diffusion model and identity to explain building material innovation timelines

The U.S. civil infrastructure is literally crumbling.  Our bridges, roads, and tunnels are falling down or at risk of falling down.  Most civil infrastructure structures rely on steel and steel-reinforced concrete (SRC) as their primary materials.  New developments in materials engineering produced a new building material – bendable concrete – that may solve many of our civil infrastructure crises.  Bendable concrete is less expensive to produce and to maintain, uses fewer scarce materials to produce, and more resistant to failure than steel and SRC.  Economically, bendable concrete seems like the best alternative.  So why is it not rapidly becoming the building material of choice?  This paper uses Rogers’ diffusion of innovations model and Wenger’s notions of identity in communities of practice to explain factors beyond cost that may be responsible for bendable concrete’s slow market penetration.  The bendable concrete case is a useful one for exploring innovations in building materials and civil engineering generally.

Diffusion of innovations

In XXXX, E.M. Rogers introduced his general model of innovation diffusion in the groundbreaking work Diffusion of Innovations. He defines an “innovation” as any idea that seems new to an individual.  “Diffusion” is the process through which an innovation is communicated to the members of a social system.  This communication occurs through social channels and takes place over time.  Successful diffusion requires that 10-20% of any given social system adopt an innovation. Rogers intends diffusion of innovation to be a general model for innovations of any kind.

The basic model goes something like this: a new idea comes along.  That new idea creates uncertainty for the individuals who know about it. Those individuals go about seeking for information to reduce their uncertainty.  Their interpersonal networks, especially subjective evaluations from their peers, are individuals’ most often used resource for information. Information about an innovation passes through networks in a constructive process of communication in which individuals create and share information in order to develop a common understanding.

According to Rogers’ model, there are 5, maybe 6, major influences on the rate of diffusion.  Rate of diffusion here is how fast an innovation makes it into its related social systems.  Construction innovations can have diffusion timelines as long as 80 years or more, so it seems there’s some room for improvement there.  So, what are those 5 or 6 influences?  I like to think of them as areas for improvement.  According to Rogers, they are 

1. relative advantage – is this idea better than the idea it supercedes?

2. compatibility – is this idea consistent with existing values, past experiences, and needs of a social system?

3. complexity – is the idea easy or difficult to understand?

4. trialability – can I experiment with the innovation?

5. observability – can I see the results of someone else’s use?

6. (not in his numbered list) flexibility – can I adapt/re-invent the innovation easily?

Diffusion of Bendable Concrete Technology

Transferring bendable concrete practice runs into a number of snags here.  In many cases, it has relative advantages (think Tokyo or San Francisco, places that shake a lot and would rather not have concrete fail). Observability? This is where cyberinfrastructure may be able to make the biggest impact – I heard from contractors and concrete mixers that once they see someone like them use it, they’re willing to give it a try.  Seeing made believers.  

I can’t speak much to compatibility yet, but the values of many of the communities involved in civil infrastructure are already at odds.  How about complexity?  Well, considering all instances of successful transfer of practice have occurred where leaders possess PhDs and wrote dissertations about the properties, I think it’s safe to say the innovation’s complex.  Any innovation that requires a PhD to understand is likely in trouble.  Triability?  Definite problem here.  Bridges aren’t experiments. And flexibility – the recipe for bendable concrete is incredibly precise and does not allow much room for reinvention.  In fact, at least two dissertations currently in progress at Michigan are studying just how much reinvention is ok.  So, score 2 for bendable concrete, 4 for the status quo.  Those are tough odds.  As if they weren’t hard enough, I suggest that there’s another piece to the puzzle that Rogers doesn’t talk much about – identity.


The way a person thinks of himself, especially his professional self, is incredibly important.  The tools a person uses, the skills on which he relies, fundamentally impact the way he does his work.  So, to change the tools of a bridge designer is not merely to substitute one gray matter for another but to ask him to rethink the way he designs bridges.  EXAMPLE OF LOSING IDENTITY? Weick and Wenger give us some language to talk about this process.

Before we dive into Weick and Wenger though, let’s talk a bit about identity generally.  We’re all in the process of constructing our professional identities.  Think of a time when you’re identity was threatened.  I imagine it was a tough time for you – it’s emotionally exhausting to not know who one is (think early graduate education, your prelims, etc.), and it’s hard to be productive.  Identity is pervasive and subtle.  It’s a slippery character.

Much of Weick’s work discusses the framework of sensemaking – sensemaking is an attempt to grasp a developing situation in which the observer affects the trajectory of that development.  That’s a mouthful.  Basically, sensemaking is the way we construct coherent explanations for what’s going on.  Weick describes 7 properties of sensemaking, including personal identity.  I’d love to talk about all 7 but time just doesn’t allow it.  So for today’s purposes, I’ll focus just on identity.

Identity for Weick is a person’s sense of who he or she is in a setting.  For bridge designers, it’s the sense that they are the person who decides how a bridge will look, what parts it will possess, how it will be constructed, and maybe even who will build it.  As Weick warns, when identity is threatened, a person’s grasp on what’s happening loosens.  When we change what parts a bridge will possess and how it must be built, we threaten the very identity of its designers. 

It sounds simple to say to a designer, “Just build with this instead.  It has all these advantages.”  It’s much harder for a designer to build with something new.  He needs new equations for how materials interact with each other and the environment; he needs new building code that allow government agencies to select radically new designs; he needs concrete companies that can mix this new stuff.  The list goes on. 

It’s easy, on the outside, to say, “bendable concrete has a relative advantage.  Let’s go with it.”  Rogers gives us at least 4 other elements of the diffusion environment that matter, and Weick gives us some for individuals asked to change their behavior.

Wenger’s understanding of identity gives us a way to connect the individual behavior changes required for innovations to diffuse and the social processes of practice and sensemaking.  Identity is a pivot point between the individual and the social – it’s negotiated and shaped by a community but has tremendous importance for an individual.  Wenger describes identity in terms of the interaction between individuals and communities.  Understanding it that way helps explain why diffusion can be so hard and why its so important for a person to maintain her identity.  Without it, she also loses her connection to a community.  Without that connection, the communication necessary for innovations to diffuse can’t take place, and a person can’t be productive while in the turmoil of identity loss.

What does this all mean?  Well, Rogers, Weick, and Wenger give us tools to understand why moving a new material into construction can be so hard and take so long.  By exploring how the bendable concrete story maps onto those theoretical frameworks, we can identify points of entry, places where we might be able to start change.  Just one example is the area of observability – remember that seeing made believers of concrete mixers.  If we could make bendable concrete successes more observable – throw videos on the web, show success stories at professional meetings, etc. – we may be able to give bendable concrete an edge on that element of diffusion.  If we help bridge designers understand how bendable concrete can be a new tool for them to accomplish their goals of efficiency, affordability, and durability rather than understanding it as a nuisance and threat, we help them maintain their professional identities and prevent the problems associated with identity loss.  The next steps here are to carefully understand how this story maps (and doesn’t map) to these theories so that we may identify and explain these areas ripe for improvement.

Thanks for listening!  I’m ready for any more comments/questions you might have.
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