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Abstract 
 

This paper reports on an empirical investigation of a particular computerization 
movementÑ the diffusion of automated underwriting in the US home mortgage 
industryÑ over a twenty-plus year timeframe. Building on and extending seminal 
work by Kling and Iacono (1988, 1995, 2001), this paper demonstrates the 
influences of technological action frames, particularly the productivity master 
frame, on automated underwriting use practices. We also show, however, that the 
link between frames and use patterns is not a simple one. Several framings of 
automated underwriting emerged over time as a result of interactions among the 
components of technology ensembles and between technology ensembles and 
social actors. These interactions can confirm or disconfirm the frames, 
reinforcing or eroding them and shaping new frames. Today, multiple frames and 
use patterns exist simultaneously in the industry. As Kling and Iacono argued, 
these results cannot be understood solely in terms of economic forces. At the same 
time, they suggest the role of the technology ensemble in technology framing and 
use practices. These findings enhance our understanding of the dynamics of 
computerization movements. 
 
Keywords: social movements theory, technology frames, technology organizing 
visions, innovation theorizing, institutionalism, technological development, 
technology use practices, diffusion of innovations, automated underwriting, 
artificial intelligence, mortgage industry 

1. INTRODUCTION 
Kling and Iacono (1988, 1995) inquired Òwhy do organizations adopt new computing 

technologies?Ó and challenged us to move beyond simple explanations based on the economics 
of need. They directed our attention instead to public discourse about computing (see also Iacono 
& Kling, 2001) and to computerization movement (CM) advocates, such as professional 
associations, that provide arenas in which people develop technological action frames about what 
computing is good for and how it can fit into their organizations. They called for careful 
empirical studies of CMs that focus on the decline of CMs, value conflicts and counter-CMs, and 
alternative organizational practices of technology use (particularly those that differ from utopian 
visions). 

In response to their call, this paper examines the changing technological action frames 
and organizational practices in a particular CM as documented in the published discourse of a 
leading professional association over a twenty-plus year time period. Thus our study brings 
together the three related elements of Iacono and KlingÕs (2001) analysisÑ frames, discourse, 
and practices. In addition, our study brings in the additional element of technology ensemble 
interactions. Complex information technologies are best thought of as ÒpackagesÓ, ÒwebÓ, 
ÒensemblesÓ or interaction networks (Kling, 1980; Kling, 1993; Kling, McKim, & King, 2002) 
in which numerous technical and non-technical components interact with each other and with 
various social actors. Sometimes, as Kling and Iacono (1988) noted, technology ensembles do 
not live up to the utopian visions of their proponents, because of setbacks in the course of 
technology or institutional development. Other times, technology ensembles conflict with 
established work practices, leading to their rejection. Similarly, successes in technology and 
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institutional development and application can reinforce technology frames and spur widespread 
diffusion. Thus, we argue that the interactions among the components of the technology 
ensemble and between the ensemble and social actors and practices should be as one of the 
Òsocial [or socio-technical] processes that drive computerizationÓ (cf. Kling & Iacono, 1995).  

Our study examines the diffusion of automated underwriting in the US home mortgage 
industry. This CM is particularly relevant to the prior work of Kling and Iacono because it 
directly involves one of the general technologies they examined in 1988Ñ artificial intelligence. 
In addition, because the electronic exchange of data is a key enabling technology for automated 
underwriting, our story also touches on the rise of the Internet, the focus of Iacono and KlingÕs 
(2001) analysis. 

In the next section of this paper we provide theoretical justification for our focus not only 
on frames, discourse, and practices, but also on technology ensemble interactions. Although it is 
easy enough to separate these elements conceptually, it is more challenging to do so in the 
analysis of an actual CM. Therefore, after we describe our data sources and analysis procedures 
and provide some background on the mortgage industry, we present our findings in three 
sections that, in roughly chronological order, outline a succession of frames and use practices 
and the intervening processes. We show that the link between frames and use patterns is not a 
simple one. Several framings of automated underwriting emerged over time as people and 
organizations reacted to the socio-technical arrangements implied by early frames and as 
technology ensemble interactions confirmed or disconfirmed the frames. Today, multiple frames 
and use patterns exist simultaneously in the industry. These results cannot be understood solely 
in terms of economic forces such as the drive for greater efficiency. At the same time, they 
suggest that the technology ensemble plays an important role in technology framing and use 
practices. These findings enhance our understanding of the dynamics of computerization 
movements. 

2. THEORETICAL BACKGROUND 
In this section, we discuss two concepts that contribute to the understanding of CM 

careers: technological action frames and technology ensemble interactions. By ÒcareersÓ we 
mean the diffusion of computer-based innovations and related work practices over time. We 
assume that CMs can exhibit highly variable careers, some succeeding more or less as originally 
envisioned and fading into taken-for-grantedness, some failing through inability to mobilize 
supporters, some radically changing direction as a result of social or technical influences. 

2.1 Technological Action Frames 

Iacono and Kling define technological action frames as Òmulti-dimensional composite 
understandingsÑ constituted and circulated in languageÑ that legitimate high levels of 
investment for potential users, and form the core ideas about how a technology works and how a 
future based on its use should be envisionedÓ (Iacono & Kling, 2001). This conception derives 
from sociological theory on social movements and collective action frames. In that literature, 
participants in social movements are viewed as Òactively engaged in the production and 
maintenance of meaning for constituents, antagonists, and bystanders or observersÓ (Benford & 
Snow, 2000, p. 613). This process of meaning construction is known as Òframing.Ó The core 
tasks of framing are Òdiagnostic framingÓÑ problem identification and causal attributions, 
Òprognostic framingÓÑ articulation of solutions and action plans and Òmotivational framingÓÑ a 
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Òcall to armsÓ or rationale for engaging in collective action to solve the problem, including the 
construction of vocabularies of severity, urgency, efficacy, and propriety (Benford & Snow, 
2000). Frame construction occurs by means of three sets of overlapping processes: discursive 
processes in the form of talk and written communications, strategic processes in the form of 
rational analysis and goal-directed thinking, and contested processes in which responses to 
challenges are formulated (Benford & Snow, 2000).  

Much recent research on social movement Òframe-workÓ focuses on the sources of 
collective action frames. For example, action frames are said to arise in cultural conditions, 
political conditions, and organizational ideology (Reese & Newcombe, 2003) or in the 
mobilizing structure of the social movement or the larger political opportunity structure 
(Joachim, 2003). This research occasionally emphasizes the tendency of social movement 
activists or ÒentrepreneursÓ to Òseize opportunitiesÓ presented by external conditions and events 
(Joachim, 2003) to shape the content of their action frames.   

The consequences of collective action frame-work are also interesting. In the social 
movements tradition, research has focused mainly on the Òintended effectsÓ and near-term 
consequences of framing processes for the emergence and mobilization of social movements; 
much less work has addressed the longer-term outcomes and consequences of social movements 
(Giugni, 1998). In institutionalization theory, however, a concept closely related to that of frame-
workÑ theorizationÑ has been proposed as essential for the ultimate success of a certain type of 
social movementÑ the diffusion of innovations (Greenwood, Hinings, & Suddaby, 2002).  

Greenwood et al. built upon work by Strang and Meyer (1993) and Tolbert and Zucker 
(1996) to argue that, in order for innovations to diffuse widely, they must first be ÒtheorizedÓ, a 
process in which industry associations can play a major role. According to Tolbert and Zucker 
(1996), theorizing involves two major stepsÑ specification of a major organizational failing and 
justification of possible solutions to the problem. (These two steps are very similar to the 
diagnostic, prognostic, and motivational tasks of collective action framing of Benford and Snow, 
2000.) Perhaps the most intriguing observation made by Greenwood et al. (2002) about 
theorizing (or framing) is that successful theorizing apparently requires the innovation to be 
framed as a response to a problem experienced by potential adopters, rather than as an 
opportunity of which they could avail themselves. This observation fits empirical data about the 
diffusion of administrative reforms, but whether it also applies to technological innovations is an 
open question. Swanson and Ramiller (1997) argued in support of the notion that a Òbusiness 
problematicÓ is an essential part of Òorganizing visionÓ of information systems innovations. 
(Like theorizing, the organizing vision concept seems nearly identical to that of technological 
action frames.) 

Greenwood et al. also noted that part of the theorizing process involves creating moral or 
pragmatic legitimacy for the innovation. This observation accords with Benford and SnowÕs 
Òvocabularies of severity, urgency, efficacy, and proprietyÓ. In addition, it links the process of 
framing or theorizing with the management and IS literatures on organizational legitimacy 
(Suchman, 1995) and management discourse (Green Jr., 2004; Heracleous & Barrett, 2001; 
Ramiller & Swanson, 2003; Swanson & Ramiller, 1997). For example, Suchman (1995) 
discussed three types of legitimacy that organizations can claim for their actionsÑ pragmatic 
legitimacyÑ resting on the self-interested calculations of stakeholders, moral legitimacyÑ
employing Òprosocial logicÓ about the public good or action as Òthe right thing to doÓ, and 
cognitive legitimacyÑ arguments about necessity or inevitability of the action. Green (2004) 
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theorized about the role of justifications in the diffusion of managerial practices and argued that 
justifications would fall off as diffusion increases and the innovation becomes taken for granted. 
He also discussed three types of justificationÑ pathos (relating to emotions such as fear and 
greed), logos (relating to rational calculation), and ethos (relating to norms of appropriateness); 
he posited that a sequence of justifications starting with pathos, moving to logos, and ending 
with ethos would produce the most successful diffusion pattern. Heracleous and Barrett (2001) 
longitudinally analyzed discourse about the implementation of electronic trading in the London 
insurance market in terms of stakeholdersÕ Òarguments-in-useÓ, which contain the framing or 
theorizing elements of goals, causal attributions, and justifications for actions. They concluded 
that, although often incomplete, arguments-in-use of conflicting stakeholders exhibit a deep 
structure that is relatively stable over time and guides stakeholdersÕ interpretations and actions, 
thus contributing to implementation success or failure. Ramiller and Swanson (2003) and 
Swanson and Ramiller (1997) analyzed discourse about (Òorganizing visionsÓ of) information 
systems and technology innovations in terms of the claimsÕ interpretability, plausibility, 
importance, and discontinuity. (Again, these dimensions are reminiscent of Benford and SnowÕs 
ÒvocabulariesÓ.)  

In short, the framing or theorizing of IT innovations is believed to be a factor in their 
successful or unsuccessful diffusion. Framing or theorizing is a process that unfolds over time. It 
involves identifying problems; proposing solutions; creating causal arguments linking problems, 
solutions, and actions proposed to implement solutions; justifying solutions; and rhetorically 
countering arguments put forth by opponents. Justifications involve claims to various types of 
legitimacy and appeals to participantsÕ emotions; innovation entrepreneurs may frame their 
justifications around important contemporary external circumstances and events. The need for 
justifications is expected to decline as diffusion progresses; they may fade away altogether as an 
innovation comes to be taken for granted. Certain sequences or types of justifications may 
promote diffusion better than others.  

2.2 Technology Ensemble Interactions 

Another factor that could be consequential in the diffusion of technological innovations is 
the innovation itself. Much of vast literature on the diffusion of innovations is predicated on the 
empirical observation that some innovations diffuse faster than others. That observation spawned 
the ÒÉ central notion in the study of innovation É  that technologies possess attributes or 
characteristics and that these characteristics have systematic effects on diffusion É Ó (Fichman, 
2000, p. 111). 

Many theorists have objected to technological characteristics as an explanation of 
innovation diffusion on the grounds that Òchoice-theoretic models are Ôoverrationalized,Õ treating 
the merits of an innovation as accessible to [potential adoptersÕ] calculationÓ (Strang & Macy, 
2001, p. 153). By contrast, some researchers argue, ÒÉ it is difficult for an organization to 
determine the reliability, capacity, and precision of a new technology, and whether a newer 
technology will soon appear to make it obsoleteÓ (Tingling & Parent, 2002, p. 119). ÒSelf-
interested actors who might eventually use an innovation worry not only about the current 
performance of the innovation, but also about future changes in performance. They want to know 
if the advantage gained by adoption can be sustainedÓ (King et al., 1994, p. 144). Consequently, 
many organizations defer adoption until more information becomes available, and others may 
adopt early, not on the basis of rational calculations about the innovationÕs merits, but by 
imitating the decisions of early adopting peers (Tingling & Parent, 2002). 
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The problem with diffusion explanations based solely on social influences such as 
mimicry, fads, and fashions is that they are ÒÔunderrationalized.Õ They contend that managers 
pay close attention to what others do, while lacking interest in what happens when they do it. But 
business discourse focuses intently on performance É,  not popularityÉÓ (Strang & Macy, 2001, 
p. 153). Therefore, because managers are unable to assess innovations confidently using rational 
calculation, they will Òseek to learn from the coincidence of innovative strategies and subsequent 
outcomesÓ (p. 155). In other words, they are likely to base their adoption decision on Òsuccess 
storiesÓ that publish the results early adopters claim to have received from using the technology. 
Later, organizations that based their adoption decisions on other adoptersÕ success stories may 
abandon the technology, if it disconfirms their expectations. This process of adopting based on 
stories about technology performance and abandoning on the basis of direct experience is posited 
as an alternative explanation to mimicry for innovation fads and fashions (Strang & Macy, 
2001).  

The observation that the experience of disconfirming results can lead to diffusion failure 
also has echoes in the social movements literature. Social movements have limited ability to 
account for Òdiscrepancies between ideology [or frames] and experience [of adopters]Ó (Babb, 
1996, p. 1053). Therefore, Òsome collective action frames are ultimately disconfirmed 
empiricallyÓ (p. 1053). The implication is that Òtechnologies at some points may constrain and 
obstruct the building of an organizing vision [or technological action frame]. In particular, 
turbulence, shifts, and setbacks in the core technologyÕs development may jeopardize an 
associated organizing visionÓ (Swanson & Ramiller, 1997, p. 467). 

A related argument can be found in the literature on dominant technology designsÑ a 
single technology architecture that establishes dominance in a technology product class 
(Anderson & Tushman, 1990). The dominant design may arise from de facto competition in the 
marketplace; it may reflect the market power of a dominant technology producer (Anderson & 
Tushman, 1990). It might also emerge from standardization efforts by a national body or an 
industry association. There is no guarantee that the (rationally) best technology will emerge from 
these social and political processes. However, when it emerges, a dominant design ends the 
Òperiod of fermentÓ in which technology producers try different solutions. Therefore, the 
emergence of a dominant design is often signaled by a shakeout among technology producers. 
Furthermore, the emergence of a dominant design ends potential adoptersÕ uncertainty about the 
merits of the technology and likelihood that it will be rendered obsolete by later technologies. 
Consequently, Òthe emergence of a standard [dominant design] is a prerequisite to mass adoption 
É Ó (Anderson & Tushman, 1990, p. 615). 

The point here is that technological action frames, theorizations, or organizing visions are 
neither the same as, nor completely independent of, the technologies to which they relate. Of 
course, a key issue here is how ÒtechnologyÓ is understood. And here again, Rob Kling provided 
seminal insights. Complex information technologies are often best understood, not as discrete 
entities or tools, but rather as ÒpackagesÓ, ÒwebsÓ, ÒensemblesÓ, or Òinteraction networksÓ 
(Kling, 1980; Kling, 1993; Kling et al., 2002) of social, technical, and economic components, 
including specifications of how the components are to be combined in practice. These 
components interact with each other and with social actors and established practices. In 
interaction, some technical (Hughes, 1987) or non-technical (Takeishi & Lee, 2005) components 
may fail to perform as expected, becoming what Hughes (1987) called Òreverse salients.Ó 
Information about technology ensemble problems or setbacks or the non-emergence of a 
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dominant design is likely to hinder diffusion, regardless of the attractiveness of the technologyÕs 
action frame. Conversely, early successes diffused though stories in the press and told at 
conferences can reinforce the frames and influence diffusion of the new socio-technical 
practices. In addition, the patterns of socio-technical arrangements implied by frames can mesh 
with, or conflict with, established practices and the interests of social actors, spurring adoption or 
rejection. Thus, the interactions among the components of a technology ensemble and between 
the ensemble and actors and established practices can intervene in the process by which 
technology frames influence diffusion of practices involving a technology ensemble.  

2.3 Recap 

The foregoing discussion suggests that two interrelated factors influence the careers of 
CMs, as indicated by the widespread diffusion of particular technologies and their associated use 
practices. The first is technological action frames, also called innovation theorizing or 
information systems organizing visions, which are reflected in discourse about the innovation. 
An additional factor is information, both positive and negative, about interactions with the 
technology ensemble and among its components, such as success stories that present the 
reactions of and results achieved by earlier adopters, reports of technology setbacks or problems, 
or evidence of the emergence of a technology standard, also called a dominant design. We argue 
that technology ensemble interactions represent an important link between the technology frames 
that shape discourse about a technology ensemble and the ways that ensemble diffuses in 
practice. Thus, technology ensemble interactions are an important factor in the careers of CMs. 

3. METHODS 
We investigate the roles played by technological action frames and technology ensemble 

interactions in one CM in the US home mortgage industryÑ the diffusion and use of automated 
underwriting. The US home mortgage industry is particularly interesting for an analysis of CMs, 
because computerization began later in this industry than in many other Òinformation-intensiveÓ 
financial services such as consumer banking and credit card lending (Lebowitz, 2001). As a 
result, CMs in the mortgage lending industry are more easily accessible for examination than 
those that occurred a decade or more earlier. In addition, CMs in the US home mortgage industry 
are likely to be able to draw on ideologies (Kling & Iacono, 1988) and framing choices (Reese & 
Newcombe, 2003) that were already well developed in earlier CMs. Automated underwriting is a 
particularly interesting innovation for our research purposes, because it diffused very rapidly 
(Jacobides, 2001b; Straka, 2000); one would expect that framing in a successful CM would be 
particularly clear and galvanizing for industry participants. 

Our research approach is an analysis of articles about computerization in Mortgage 
Banking magazine (http://www.mortgagebankingmagazine.com) from 1980 to today. Mortgage 
Banking is a publication of the Mortgage Bankers Association, the leading association for firms 
in that industry. The publication includes feature articles, company profiles, and a calendar of 
industry events, as well as news about legislation, economic changes, and technology. Thus, it is 
an excellent source of historical data on the concepts of interest in this study: automated 
underwriting action frames, computerization performance and automated underwriting diffusion. 
Mortgage Banking magazine is indexed in ABI Inform/Proquest from 1977, with full-text 
availability from 1987.  
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We first sought to obtain all articles in Mortgage Banking that dealt substantively with 
topics related to general and specific CMs. The terms used to describe computerization have 
changed over time. ÒAutomationÓ was the term commonly used in the 1980s; in the 1990s, the 
terms ÒtechnologyÓ and Òinformation technologyÓ came into vogue. The specific technological 
innovation of interest in this paper was referred to as automated underwriting, credit scoring, 
loan origination technology, among other ways. To make sure that we would capture all relevant 
articles, we conducted Proquest searches with twelve different search terms, which were selected 
on the basis of trial and error as likely to return the largest number of relevant articles. 
Eliminating duplicates left a corpus of 632 articles for the period 1982 to 2004. (There were no 
relevant articles in 1980 and 1981.)  

Two researchers read all articles in the corpus noting the specific technology described, if 
any, and general themes related to the goals of this research. We then selected the articles related 
to automated underwriting and closely related concepts (e.g., credit scoring, mortgage scoring, 
risk-based pricing, underwriters, and enabling technologies such as EDI and standards) for finer 
analysis. In the second phase of coding, we independently coded each of the remaining 214 
articles using the concepts outlined in the theoretical background section. (The article within year 
was the unit of analysis.) Data analysis proceeded in several stages. As recommended by (Miles 
& Huberman, 1994), we constructed time-ordered matrices, with rows for each article in 
sequence by date and columns for each of the concepts. We analyzed first within concept to see 
how, for example, the computerization action frames changed over time. Then we compared 
across the columns to examine interdependencies among action frames, technology performance, 
and diffusion outcomes. 

4. BACKGROUND: THE MORTGAGE INDUSTRY AND THE AU 
COMPUTERIZATION MOVEMENT 

In this section we provide important contextual background on the industry and on the 
technology ensemble we studied. We provide evidence to show that automated underwriting 
represents a rapidly successful CM; after about a decade of development, it was introduced in 
1994 and declared an ÒessentialÓ part of the mortgage lending process in 2003. Over the course 
of this CM, major changes were attributed to AU by industry experts, including a 50% reduction 
in the cost of loan origination and industry structure changes (Wigand, Steinfield, & Markus, 
2005). Over the same period, the way in which the technology was framed changed substantially, 
as did AU use practices. 

4.1 Background on the Mortgage Industry 

Historically, the entire mortgage lending process in the USÑ assessing borrowersÕ credit 
worthiness, evaluating property value, collecting mortgage payments, etc.Ñ was handled by one 
type of organizationÑ local savings and loan banks. To increase the flow of funds available for 
mortgage lending, the US government chartered certain private corporations to buy and 
securitize mortgages. In conjunction with other environmental changes, the growth of two 
government-sponsored enterprises (GSEs)Ñ Fannie Mae and Freddie MacÑ resulted in massive 
changes in US mortgage industry structure. Although some mortgage lenders continue to hold 
the mortgages they underwrite in their own portfolios, more than half of all mortgages are sold to 
investors (Van Order, 2000), thus splitting mortgage lending into two segmentsÑ Òprimary,Ó 
where borrowers obtain loans from originators, and Òsecondary,Ó where mortgages are sold by 
originators and bought by investors (Cummings & DiPasquale, 1997). 
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Today, the primary mortgage market (origination, the major focus of this study) is both 
vertically disintegrated (Jacobides, 2001a) and fragmented. There are many specialized 
organizational types, including mortgage bankers, mortgage brokers, credit reporting companies, 
mortgage insurers, title companies, escrow companies, and other service providers. Within each 
of these segments (except mortgage insurance, which is concentrated), there are many providers. 
However, there are signs of rapid consolidation: It is estimated that the top five lenders currently 
originate over 50% of residential mortgage loans and that the top ten firms service over 50% of 
such loans. There is also some evidence of reintegration, at least at the top end of the size 
spectrum (Van Order, 2000). 

By contrast, the secondary market can, for most intents and purposes, be considered a 
duopsony. The GSEs, Fannie Mae and Freddie Mac, have grown rapidly into dominant players: 
Roughly 50% of the $6.3 trillion (2003 figure) in outstanding US mortgage debt for single family 
residences is either held in portfolio by the GSEs or is held by investors in the form of mortgage-
backed securities guaranteed by the GSEs (Cummings & DiPasquale, 1997). Because they 
purchase such a large amount of the loan production of the primary market, they act as de facto 
regulators of the primary market. They can not only influence primary market underwriting 
behavior by publishing the guidelines by which they will assess loans for purchase, they can 
also, to some extent, influence primary market technology adoption by specifying the formats in 
which they will accept loan documentation. 

Another key institutional player in the industry is the Mortgage Bankers Association 
(MBA http://www.mba.org/). Founded in 1914, MBA is the leading industry association for 
companies in the real estate finance business, the largest segment of the US capital market. Its 
approximately 2,800 members cover all industry segments, including mortgage lenders, 
mortgage brokers, thrifts, insurance companies, etc. MBA represents the industryÕs legislative 
and regulatory interests and conducts educational activities and research for its members. As will 
be discussed more fully below, the MBA, working closely with the GSEs, has been a major force 
in computerization movements in the mortgage lending industry.  

4.2 The Automated Mortgage Underwriting Computerization Movement 

Mortgage lending was historically viewed as less readily automatable than other types of 
credit decisions. Until the mid-1990s, the mortgage process was largely manual and 
decentralized: tens of thousands of underwriters employed by thousands of mortgage lenders 
subjectively reviewed borrowersÕ credit reports and voluminous documentation against their own 
underwriting guidelines as well as those of conduits and investors (such as the GSEs) (Straka, 
2000).  

Following serious problems with mortgage defaults in the 1980s, the GSEs and mortgage 
insurance companies sought to increase their ability to predict defaults and to make automated 
underwriting decisions based on their predictions. Empirical research in the late 1980s and the 
early 1990s suggested that borrowersÕ negative equity (owing more than the property was worth) 
was the greatest risk of default, and the importance of a borrowersÕ credit history was poorly 
understood. Part of the problem lay in the lack of availability of sufficient credit data, which was 
distributed across many sources and reported in nonstandard ways. In the early 1990s, Òvirtually 
no institution was storing credit records on mortgage loans in an easily accessible mediumÓ 
(Straka 2000, p. 213). Motivated by the success of credit scoring techniques in predicting default 
in other financial services (e.g., credit cards), the GSEs and mortgage insurers began exploring 
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the applicability of that technique in mortgage lending. In 1992, Freddie Mac completed a study 
using generic credit scores (FICO scores, after Fair, Isaac and Company) and concluded that they 
were a significant predictor of mortgage default and thus should be a component of computer-
based mortgage scoring models.  

In 1994, Freddie Mac announced successful pilots of its automated underwriting (AU) 
system, Loan Prospector. Shortly thereafter, Fannie Mae introduced its system, called Desktop 
Underwriter. These AU systems were more than just combinations of hardware and software. 
They were complex technology ÒpackagesÓ or infrastructures or ensembles (Kling, 1980; Kling, 
1993) that also included: credit data collected by and from a variety of organizations, computed 
credit scores, data on properties and loan terms, statistical models, electronic data interchange 
technology and standards, technical skills, support personnel, and specifications for combining 
these elements. 

Use of AU started slowly. Use of credit data and scores took off rapidly after Freddie 
Mac issued an industry letter in 1995 promoting their value in reducing default risk (1996: 56, 9, 
38)i. However, despite considerable inducements by the GSEs, the use of the GSEsÕ AU software 
in combination with electronic data interchange was used for barely a quarter of submissions to 
the GSEs in 1997. Then, starting around 1998, use of ÒAUÓ expanded rapidly. (However, as we 
show below, AU diffusion involved several different technology ensembles.) In 2002, a 
freelance writer quipped: ÒIf there is a [lender] left on the planet not using Internet technology to 
lock loans or an automated underwriting system to deliver decisions in minutes, we didnÕt find 
itÓ (2002: 63, 2, 30). FannieÕs Desktop Underwriter was referred to as an industry ÒstandardÓ 
(2002: 63, 1, 144).  

ÒThe most firmly entrenched lending technology by far is AU. Today, AUS technology is 
virtually essential to the mortgage lending process.Ó (2003: 64, 1, 143) 

In early 2006, the results of an industry survey were reported as showing that: ÒMore than 
90 percent of lenders have implemented an automated underwriting system (AUS). An estimated 
75 percent of new [loan] production is being underwritten with an AUSÓ (2006: 66, 4, 86).  

Although the rapid diffusion of AU post 1998 appears to suggest a straightforward 
efficiency-driven outcome, our closer examination below shows that technology action frames 
played a significant role in shaping AU use practices. At the same time, the AU action frames 
changed sharply over time, influenced in turn by the vagaries of technology ensemble 
interactions. The framing of AU is described below in three major episodes. Table 1 summarizes 
and explains the technologies referred to in the next section.  

5. FINDINGS: THE FRAMING OF AUTOMATED UNDERWRITING 
For the most part, discourse about AU has invoked the productivity master frame. Within 

this dominant frame, many specific issues have been raised. AU was described as a tool for 
reducing loan delinquencies and defaults; thereby contributing to lending profitability. AU was 
argued to reduce the elapsed time and labor cost of underwriting loans, thereby allowing lenders 
to grow profits and cope with cyclical booms driven by changes in interest rates, while at the 
same time curtailing underwriter employment or changing the nature of the underwriterÕs job. 
AU was claimed to offer opportunities to develop new loan products and to price mortgage loans 
differently, thus enhancing revenues and expanding markets.  



 10 

Two other master frames were present in the discourse on AU, but they were 
subordinated to the productivity frame. With respect to the democratization master frame, AU 
was argued to improve consumersÕ access to loans and to enable new business opportunities for 
brokers and small lenders. Automated credit scoring was claimed to be ÒfairerÓ and more 
ÒobjectiveÓ than manual underwriting, thereby reducing discrimination and allowing more 
people to obtain mortgage loans. (Critics countered, however, that human judgment was still 
required to avoid discriminatory outcomes.) And, when AU became more standardized, available 
in the form of commercial software packages, and supported by the Internet, AU was said to 
have changed industry structure, eliminated the Òtechnology gapÓ between large and small 
companies, and leveled the playing field for small companies and new entrants. With respect to 
the anytime-anywhere master frame, the Internet was claimed to have brought AU to the Òpoint 
of saleÓ and put AU into the hands of consumers. 

Although much of the discourse on AU reflects the master frame of productivity, we 
observed significant differences in how AU was framed over time, particularly with respect to 
who would control the technology or benefit from its productivity improvements. 
Chronologically, the first framing was of AU as a productivity tool for the GSEs, not surprising 
in light of the GSEsÕ major roles in developing and championing this technology. Over time, AU 
came also to be seen as a productivity tool for (large) mortgage lenders. And eventually, AU was 
described as a productivity tool for everyone: small lenders, mortgage brokers, new entrants, and 
even the consumer.  

These different framings undoubtedly influenced the extent of AU adoption and shaped 
the ways in which organizations used the technology. However, we argue that AU frames did not 
stand alone in contributing to AU use practices. Technology ensemble interactions also played a 
role. Specifically, the various framings of AU suggested or implied a pattern of AU useÑ a set of 
socio-technical arrangements that might be called a Òbehavioral scriptÓ (Barley & Tolbert, 1997). 
When organizations evaluated what those scripts meant for them or attempted to put them into 
practice, they had experiences of various sorts. When these experiences were shared with others, 
often though stories told in the press and at conferences, technological action frames were either 
reinforced or eroded, giving rise to new ones. In some cases, AU technology ÒresistedÓ the uses 
to which people try to put it (Pickering, 1995), when a component of the technology ensemble 
proved to be unworkable technically, socially, or economically. In other cases, organizations 
refused to make technology investments they believed would alter existing work practices in 
ways that might disadvantage them. In either circumstance, the ability of AU frames to influence 
the diffusion and pattern of organizational AU use practices was subject to reinforcement or to 
disconfirmation and redefinition by technology ensemble interactionsÑ a pattern we observed to 
repeat several times before AU frames and use practices in the industry started to stabilize and 
become taken-for-granted parts of the institutional landscape.  

In the sections that follow, we describe the three major AU framings we observed over 
the twenty-plus year timeframe of our study. The time periods of each framing are approximate, 
because frames often emerge well before they become prominent, and because multiple frames 
can co-exist at any one time. For each frame we discuss its implied socio-technical arrangements, 
technology ensemble interactions, how the interactions either confirmed or disconfirmed the 
frame, and the resulting widespread use practices, specifically extent of AU diffusion in the 
industry and the nature of its use. Our analysis is summarized in Table 2.  
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5.1 AU as a Productivity Tool for the GSEs 

By 1991, Freddie Mac had progressed with the development of a statistical approach to 
AU to the point where the GSE was convinced that the technology could be used on a large 
scale. There was only one fly in the ointment. The technology ensemble required large amounts 
of credit data, and the need to key enter data was a serious bottleneck. 

ÒAfter an 18-month pilot project, the corporation could get good results, as long as it fed 
the program massive amounts of information. But it was almost more expensive to take 
the massive underwriting files, extract that data and key it in and let the system 
underwrite it, than it was to have an underwriter do itÉ Ó (1991: 51, 6, 17, added 
emphasis) 

The solution to the problem was clear (to the GSEs): For AU to work on a large scale, 
mortgage lenders would have to supply credit data electronically when they submitted their 
loans for underwriting. 

Anticipating this requirement, the MBA had earlier begun working to introduce 
electronic data interchange (EDI) standards into the loan origination process. In 1988, the MBA 
launched an initiative to streamline mortgage lending with standardized forms like the Uniform 
Residential Loan Application and to develop EDI standards for the exchange of credit data 
(1988: 48, 12, 12). This proactive move reflects the lendersÕ dissatisfaction with their already 
considerable experience of using EDI with the GSEs for delivering closed loan packages (the 
secondary market). The GSEs had different data requirements and transmission standards, 
forcing lenders to maintain duplicate business processes and technology interfaces.  

ÒÉ [W]hile both systems require much of the same data, a mortgage banker must do a 
significant amount of manual work before transmitting to either system. In addition, if a 
lender changes delivery agency, the work must be re-done because the two systems are 
not uniform.Ó (1988: 48, 6, 36 added emphasis) 

Lenders were concerned that using EDI-enabled AU would involve extra work for them 
if the GSEs did not relax their information and documentation requirements (1990: 50, 7, 11). 
Consequently, the lenders argued that in order for the electronic exchange of loan origination 
data to be a success, the GSEs would have to agree to common EDI transmission and data 
standards: 

Ò[MBA] conference participants agreed that É if electronic data exchange was to be a 
success, É the industry [read: lenders] must broadly support the idea of exchanging data. 
This broad level of support would only come from a universally recognized data 
transmission standard, a standard É that would not allow any competitive advantage to a 
vendor, organization [ read: GSE] or company.Ó (1988: 48, 6, 36 added emphasis) 

Despite some progress toward standardization though MBA initiatives, the GSEs 
persisted in their proprietary technology development paths.  

On a Òred letter dayÓ in 1993, a highly publicized EDI transaction pilotÑ a request for 
payment of a mortgage insurance claim coupled with payment via an automated clearinghouseÑ
was described as foretelling Òa technological revolutionÓ (1993: 53, 8, 87). And, in 1994, when 
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the GSEs announced the 1995 availability of their automated underwriting services, they also 
announced their fee-based offerings of value-added network (VAN) services for EDI 
transmission (1994: 55, 2, 10; 1994: 55, 2, 64).  

ÒFirms need to establish EDI connections before implementing automated underwriting, 
so that information from credit bureaus, mortgage insurance companies, and others can 
be fed into the electronic underwriting system.Ó (1994: 55, 2, 10 added emphasis) 

 
The lenders expressed numerous concerns about these proposed socio-technical 

arrangements. First, EDI standards were not fully developed, leading to fears about having to 
maintain thousands of different interfaces with brokers and service providers (1994: 55, 2, 10). 
EDI was further problematic because of its high connect-time charges that put it out of the reach 
of many small lenders (1995: 55, 3, 38) and of the lendersÕ business partners, compromising the 
lendersÕ ability to fully automate their processes. For example, although many lenders were able 
to request credit reports from reporting agencies electronically, they usually received credit 
reports via fax. Similarly, fax was used by Òmore sophisticatedÓ lenders (less sophisticated ones 
relied on mail and courier) to communicate with their brokers. Thus, unless the lenders were to 
underwrite the costs of operating EDI links with all their partners and of reengineering Òthe 
whole processÓ themselves (1994: 55, 2, 10), the lenders might have had to rekey vast amounts 
of data to comply with the GSEsÕ requirements. Furthermore, industry participants worried about 
a Ògrowing Ôsophistication gapÕ in the application of technology between thrifts and mortgage 
banks and between small competitors and largeÓ (1993: 53, 4, 50). Finally, lenders also worried 
about the possibility that GSEs would provide AU capability directly to real estate brokers or to 
the mortgage brokers that originated loans for lenders, fearing that they (the lenders) would be 
bypassed or disintermediated (Jacobides, 2001b). 

The GSEs tried to allay these concerns in various ways. First, they waived Òreps and 
warranteesÓ for lenders who used their automated underwriting systems. This promise reduced 
requirements for paper documentation and, in effect, guaranteed lenders that they would not be 
required to repurchase the loans from the GSEs in the case of underwriting errors. Second, the 
GSEs assured lenders that they would not make their AU systems available for use by brokers or 
real estate agents. However, the lenders could do so. This provision enabled lenders to capture 
data at the point of sale (the interface between the borrower and the broker or real estate agent) 
and also enabled the underwriting decision to be made at the point of sale. (The implications of 
this opportunity are discussed below.) Third, the GSEs never required the lenders to use their 
VANs (with the attendant fees) to submit loans for underwriting.  

 ÒInterestingly, Freddie Mac currently supports direct-dial capabilities for its pilot 
automated underwriting system, set to debut nationwide early in 1995. The use of 
GoldWorksÑ its VANÑ is not required.Ó  (1995: 55, 3, 38) 

Despite the GSEsÕ protestations that AU would benefit borrowers and ÒempowerÓ lenders 
(1994: 55, 2, 10), lenders were slow to adopt AU, and EDI use never became widespread in the 
industry. In 1995, the MBA proclaimed the Òadoption and real production use of the established 
X12 [EDI] standards [its] top priority in 1996Ó (1994: 55, 2, 10 added emphasis). The MBA was 
confident that EDI transmission standards would put Òsuch interfacing nightmares É to rest É  
regardless of the disparity with their internal data structures [in other words, regardless of the 
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GSEsÕ differing data formatsÓ. In spite of the MBAÕs efforts, less than a quarter of all lender 
submissions to the GSEs used AU in 1997, two years after the introduction of AU. Furthermore, 
most brokers and other service providers continued to rely on fax or dial-up (instead of EDI) for 
several more years, when the Internet became widely available (1996: 57, 1, 136; 2000: 60, 7, 
42). 

The GSEsÕ insistence on proprietary data formats reflects their framing of AU as their 
productivity tool, a weapon in their fierce competition with each other. As framed by the GSEs, 
the AU system (together with EDI) was an electronic hierarchy that would tie lenders and their 
sources of supply more tightly to the GSEs, thus locking the lenders in. Unfortunately, neither 
EDI technology nor the lenders cooperated fully with the socio-technical arrangements implied 
in the GSEsÕ framing of AU, and other frames emerged, leading to different AU use practices.  

5.2 AU as a Productivity Tool for Large Lenders 

Lenders framed AU differently than the GSEs did. LendersÕ experimentation with 
automated underwriting dated as far back as that of the GSEs. In 1986, AU was described as a 
tool to help mortgage lenders reduce delinquencies. Lenders that embraced AU were expected to 
weather the coming shakeout in the mortgage industry, unlike non-adopters (1986: 46, 7, 18). A 
mortgage lender reported in 1987 the successful development and use of an AU system based on 
an analysis of the GSEsÕ published underwriting guidelines and a statistical sample of the 
lenderÕs loan data (1987: 47, 7, 64).  In 1992, the large lender Countrywide announced its rollout 
of an AI-based automated underwriting system and its discussions with the GSEs about 
electronic data transmission and potential GSE acceptance of CountrywideÕs automated lending 
decisions. In 1993, a group of west coast lenders collaborated with vendors to develop a 
commercial AU system for lenders Òon a budgetÓ (1993: 54, 3, 79). 

LendersÕ development and use of automated underwriting systems was a logical step 
from several points of view. First, some lenders retained some or all of the loans they made in 
their own portfolios (not selling them to the GSEs) or sold loans directly to investors (without 
using the GSEs as conduits). There would be little point in paying the GSEs fees for 
underwriting these loans. Second, until the late 1990s, the GSEs only purchased conventional 
conforming loansÑ loans of less than a certain dollar amount which met stringent underwriting 
criteria. Many lenders sought to serve borrowers with low documentation, impaired credit, or 
borrowing needs exceeding GSE guidelines. Early on, the GSEsÕ systems could not handle such 
loans. Therefore, some lenders saw the need for their own automated underwriting tools. 

By 1997, however, the GSEsÕ systems (first widely available in 1995) had evolved to the 
point where they were able to underwrite government loans, subprime loans, and jumbo loans.  

ÒManual guideline underwriting worked around univariate Òknockout rulesÓ (such as no 
loans above a 36 percent debt ratio). Exceptions and risk layering (e.g., poor credit plus 
debt higher than 36 percent) were allowed (case-by-case or in policy) with little or no risk 
quantification and feedback. In contrast, scoring tools and AU have allowed the tradeoffs 
between risk factors to be more precisely quantified, giving the industry greater 
confidence in Òpushing the envelopeÓ of acceptable expected default ratesÉ  .Ó (Straka, 
2000) p. 217) 
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It was this Òpushing of the envelopeÓ that allowed the GSEs to extend their loan 
purchases into new loan and borrower categories, which some lenders undoubtedly perceived as 
strategic encroachment.  

Through the use of multivariate analysis, the GSEsÕ AU systems had become Òblack 
boxesÓ, and it was no longer possible for the GSEs to publish their lending guidelines in entirety 
(1997: 58, 3, 46; 2001: 62, 3, 38). This opacity reduced the ability of lenders to estimate whether 
and at what price one GSE would purchase a loan without running the loan through that GSEÕs 
AU system. In combination with strong incentives to use the GSEsÕ systems (waived Òreps and 
warranteesÓ), fees charged for using the GSEsÕ systems, and the GSEsÕ refusal to accept 
automated decisions from other AU engines, the lack of transparency in the GSEsÕ AU systems 
reduced the lendersÕ traditional ability to play the GSEs off against each other in search of the 
best deal (1997: 57, 8, 10). Since the advent of automated underwriting, if a lender wanted to 
compare the agenciesÕ pricing before deciding where to sell the loan, the lender had to use both 
AU engines, incurring higher costs that could amount to several million dollars a year (1997: 57, 
8, 10). 

Under these circumstances, use of an ÒindependentÓ AU system Òas a prescreening tool in 
conjunction with the agenciesÕ automated systemsÓ began to seem like a good idea even for 
lenders that had not already developed their own underwriting systems (1997: 57, 8, 10). The 
downside was, however, that using multiple systems Òfurther complicate[d] the efficiency 
problem by layering on the additional cost of using multiple automated underwriting systems in 
different phases of the origination processÓ (1997: 57, 8, 10).  

The efficiency problem stemmed from lendersÕ desire to deploy AU at Òthe point of 
saleÓ, where a borrower interfaced with the broker or a lenderÕs retail loan officer. The 
traditional lending process involved a borrower ÒprequalificationÓ step; prequalification 
decisions occasionally had to be changed as a result of a GSEÕs subsequent underwriting 
decision, leading to borrower dissatisfaction. If lenders could shift the GSE decision to the point 
of sale, they could improve customer satisfaction, reap significant efficiency benefits from 
business process reengineering, and possibly gain competitive advantage relative to less 
sophisticated peers. In the lendersÕ ideal world, they would be able to run a loan simultaneously 
through several AU systems (including their own) and pay the GSEs underwriting fees only for 
the loans the GSEs actually purchased (1997: 57, 8, 10). In this way, lenders could hope to 
regain some of the pricing leverage over the GSEs that they had lost because of the lack of 
transparency in AUS. Understandably, the GSEs were not amenable to this suggestion. 
Nevertheless, the issue did not go away, but resurfaced in 2004. 

In this environment of conflict over the GSEsÕ AU policies, lendersÕ adoption of AU 
lagged. In 1997, despite the GSEs having emerged as Òdominant providersÓ of AU services, only 
twenty to twenty-five percent of eligible loans went through the GSEsÕ AU systems (1997: 57, 8, 
10). Most lender participants in an annual mortgage production survey reported that they did not 
make full use of AU systems (i.e., use AU at the point of sale) owing in part to lack of 
integration with back-end systems (1997: 58, 1, 152). (Such integration was hindered by the 
GSEsÕ ongoing refusal to accept common data standardsÑ a condition that endured until 2001). 
LendersÕ concerns about AU and their dissatisfaction with GSE policies led to the formation in 
1996 of an MBA task force on automated underwriting and in 1997 of an MBA task force to 
promote Òinteragency cooperationÓ (1997: 57, 8, 10; 1997: 57, 7, 24). 
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Despite these MBA initiatives, the GSEs persisted in their technology-based competition. 
However, by 1999, it was apparent to some observers that Freddie had lost its technology race 
with Fannie. Freddie quietly began purchasing loans that had been underwritten with FannieÕs 
system. And, Òin a landmark agreementÓ, Freddie agreed to purchase mortgages underwritten by 
lender NorwestÕs AU system (Marlin, 1999). Under the deal, Norwest began selling nearly all its 
loan production to Freddie. A short time later, BankAmerica made a similar deal with Freddie, 
and Countrywide announced a similar deal with Fannie. (Recall that Countrywide had first 
initiated talks about such an arrangement in 1992.) Interestingly, despite the ÒhierarchicalÓ nature 
of these arrangements, which appear to lock the lenders in to a single large customer, they were 
hailed as a victory for lenders. 

ÒThe deal between Freddie Mac and Norwest is a very important deal because it may 
force Fannie to lower its fees, or shift its business model to compete for business with 
Freddie Mac. 

ÒTo other mortgage participants, itÕs an important deal because it returns to the lender 
control over the origination event, and may usher in a period of reduced fees for those 
using [GSEsÕ] automated underwriting. But itÕs also an agreement that spotlights the 
acute dissatisfaction with automated underwriting.Ó (Hochstein, 1999). 

Mortgage lenders were dissatisfied with the GSEsÕ AU policies, because they believed 
that, like the rest of the technology industry at that time, the GSEs should Ògive their technology 
away in order to increase their volumes É  attracting as many users to automated underwriting as 
possibleÓ (Hochstein, 1999). 

 Whether or not these deals were a victory for lenders, they fueled lendersÕ 
adoption of automated underwriting, as did the growing number of widely publicized technology 
success stories. Research conducted by Fannie, Freddie, and independent entities began reporting 
substantial benefits to AU adopters around the year 2000. An independent study concluded: 

ÒA large contributor to reducing costs has been the implementation of automated 
underwriting systems (AUS) and the associated process changes. É  Total underwriting 
costs were almost one-third lower for those companies that use AUS on more than 60 
percent of the loans they originate.Ó (2000: 60, 6, 66)  

A Freddie Mac report similarly hailed the successes of automated underwriting. ÒIn a 
1996 report, Freddie Mac made big claims for its nascent automated underwriting service É  . 
ItÕs been five years and millions of mortgage originations later. Has Loan Prospector lived up to 
its billing?Ó Freddie concluded the answer was yes: Loan Prospector had increased accuracy, 
enabled faster processing, lowered costs, increased lending fairness, and expanded 
homeownership opportunities (2001: 61, 6. 70). And a survey conducted by Fannie Mae 
announced that automated underwriting (in conjunction with seamless IT integration) was the 
most important factor contributing to the superior performance of top performing mortgage 
lenders (2002: 62, 6, 94). 

These and other success stories stimulated extremely rapid diffusion of AU. Used for less 
than 25% of the loans sold to GSEs in 1997, AU use accounted for 100% percent of some 
lendersÕ loan production in 1999. By 2001, AU use was Òdeeply embedded into the business 
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environmentÓ (Jacobides, 2001a). By 2003, AU was used by nearly 100% of all lenders for at 
least some portion of the loan volume (2003: 64, 1, 82). Thus, AU was no longer framed as a 
productivity tool for the GSEs. Large lenders had clearly made AU into a productivity tool of 
their own. 

5.3 AU as a Productivity Tool for All 

In the meantime, experience with AU technology had increased, and commercial 
packages had become available, allowing smaller lenders and startups to acquire AU engines. 
For example, Impac, a medium-sized Òalt AÓii lender decided to develop its own AU system after 
reviewing the custom software developed by IndyMac, its much larger competitor. In 2001, 
Impac automatically decisioned 100% of its loans through its AU system, which cost the 
company $1.5 million to build (Grant, 2001). Interestingly, IndyMac, already a large lender in 
2001, was founded in 1993, around the time that AU first became technically viable. IndyMac 
grew to prominence in the mortgage industry in large part because of its IT prowess (Krogh, El 
Sawy, & Gray, 2005). Other technology-savvy startups followed its lead.  

Quietly at first, but then quite noticeably, the Internet had become integral to the 
mortgage lending business. The first mentioned successful uses of automated underwriting on 
the Internet occurred in 1999Ñ FinetÕs iQualify.com (1999: 59, 6, 26) and Mortgage.com (1999: 
59, 6, 19), later purchased by ABN AMRO. Just one month later, Mortgage BankingÕs editor-in-
chief opined that Òlenders must regard the Internet as a new medium for originating [loans], not 
just an advertising or information mediumÓ (1999: 259, 7, 15). In other words, the point of sale 
had started to shift to the Internet, and that meant that AU had to be available on the Internet for 
consumers to use.  

It also meant that brokers, suppliers of loans to large lenders, had to begin using AU 
online. Although brokers were by now accustomed to AU systems, few submitted their 
information to AU systems directly. Instead, they used fax to send information to lenders who 
rekeyed the data into their systems. This was obviously inefficient and contributed to processing 
errors. At the height of the 1999 refinancing boom, Fannie began offering its AU system to 
brokers as a service to the industry, reneging on its 1995 promise to lenders that it would not 
make such access available. At first, there was little response from brokers. Then Fannie 
embedded Desk Originator into a loan origination software package that many lenders and 
brokers were using (2000: 60, 7, 42), and brokersÕ direct use of AU began to increase sharply.  

Despite the fact direct broker access to AUS increased lendersÕ productivity, lenders 
vigorously protested against the GSEs providing this access to brokers. Lenders were concerned 
that: 

ÒÉ the brokers would be able to shop around among different wholesalers for the best 
rate. GSEs have been aggressively lobbied by the mortgage banking industry to not 
provide their AU directly to brokers, potentially disintermediating mortgage banks in the 
process.Ó (Jacobides, 2001b) added emphasis 

Instead, lenders wanted to control brokersÕ access to AUS (either their own or the 
GSEsÕ), because that way they could prevent brokers from ÒshoppingÓ the loans around to other 
lenders to get better terms. 
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MoodyÕs opined that Òthe mortgage banking industry is in a phase of substantial 
transformation as a result of the combined impact of technology and the GSEs (2000: 60, 8, 14). 

The value added of [large lenders] is suffering as a result of the democratization of 
technology. The fact that a broker can now get a mortgage preapproved by Fannie Mae 
and Freddie Mac is an example of this process at work and represents a major evolution.Ó 
(2000: 60, 8, 14) 

As one article put it, in an IT-related context: ÒSome lenders are squawking, Ôwhen GSEs 
compete, we loseiiiÕÓ (Kersnar, 2002). 

Large lenders were also squeezed by smaller lenders that did not implement their own 
AUS but simply used the GSEsÕ systems to price their loans appropriately, hence competing 
effectively with larger lenders (Jacobides, 2001b).  ÒAs a result, pricing competition between 
mortgage banks has increasedÓ (2000: 60, 8, 14). Ironically, the lendersÕ earlier concerns (1994 
timeframe) that smaller Òtechnology have-notÓ lenders would suffer from automation were also 
laid to rest (2003: 63, 9, 99).  

Large lenders responded to the increased competition by developing and promoting their 
own Òelectronic partner networks,Ó putting their AU capabilities in the hands of their brokers: 

ÒNo other area of technology creates the stir that automated underwriting (AU) does É  
[M]uch more important is the way automated underwriting puts investors [read: the 
GSEs] ahead of wholesale lenders in the mortgage food chain and in direct contract with 
brokers for the first time. É Most brokers currently use [either of the GSEsÕ AU systems 
offline] as part of their origination routinesÑ consequently, many lenders feel a loss of 
control over the process. In response, the newest AU options available to brokers are a 
result of lenders deciding they need to get back in between the broker and the investor. 
These optionsÑ almost all private wholesale [lender] Web sites where brokers can submit 
loans for AU, and in some cases lock the loans as wellÑ include CountrywideÕs CWBC, 
InterFirstÕ MOAI and Indy MacÕs e-MITS.Ó (2000: 60, 7, 42, added emphasis) 

In addition, large lenders increasingly enabled consumer access to AU on the Internet. By 
2002, InterfirstÕs MOAI online system was Òcapable of underwriting, locking, closing and 
funding [loans] online in less than four hours, from start to finishÓ (2002: 662, 6, 22).  Internet-
only DeepGreen Bank of Cleveland developed a Òlights-outÓ (fully automated) Internet-based 
mortgage lending operation with integrated AU decisioning (Grant, 2003). Through efforts such 
as these, the lenders reflected their growing belief that, although there would always be a place 
for brokers in mortgage lending, arming brokers with technology Òmisses the boat completely.Ó 
The new goal was to put technology in the hands of the borrowersiv (2001: 61, 7, 34). AU was 
now seen as a productivity tool for everyone in the mortgage lending value chain. 

5.4 Future Framings of AU 

Although AU had come to be viewed as an essential part of the mortgage lending process 
by 2003, it is likely that AU framing and use practices will continue to evolve. Ongoing 
standardization efforts may contribute to such changes. After the MBAÕs major EDI thrusts of 
the late 1988s through mid-1990s, the standardization effort seemed to lose direction, and the 
GSEs continued to hold to their proprietary data formatting requirements. In 1999, the mortgage 



 18 

industry turned to the promise of XML to bring seamless integration between the primary 
(origination) and secondary (securitization and sale) sides of the mortgage market. Co-opting 
other EDI and XML standards development groups, the MBA secured the active participation of 
the GSEs in a data standardization effort, called MISMO (Mortgage Industry Standards 
Maintenance Organizations). In what a MISMO spokesperson later referred to as MISMOÕs 
greatest achievement to date, the GSEs agreed in 2001 to accept common data standards for 
underwriting. (Recall that industry participants had been calling for such standards since 1988.) 

Not content with this outcome, mortgage lenders took the high ground and appealed to 
moral legitimacy (borrower benefit) as they renewed their unsuccessful 1997 demand for single-
fee access to both GSEÕs AU systems. 

ÒFor the benefit of the consumer, I think itÕs important that we allow multiple AUSes to 
review each and every loan. From a technology standpoint, this is an easy 
accomplishment, and existing technology can more than handle such a feat. É There are 
some potential hurdles, of course. The developers of the AUSes must be willing to work 
in an openly competitive environment. They must also accept industry standards such as 
those developed by MISMO. É For this to occur, the industry would need to rally 
together to advocate for such a solution.Ó (2004: 64, 10, 101) 

The results of this emergent reframing of AU and the socio-technical arrangements it 
implies remain to be seen. 

6. DISCUSSION AND CONCLUSION 
After a slow start, automated underwriting diffused rapidly in the US home mortgage 

industry. Tremendous productivity benefits have been attributed to its widespread use. Industry 
experts estimate that the cost to originate a mortgage loan today is half what it was 10 years ago 
and that future productivity improvements can still be expected.  

But the rapid and widespread diffusion of automated underwriting is not a simple story of 
the economics of need. The AU use practices observed today cannot be adequately explained 
solely in terms of a drive for greater efficiency. Instead, the history of automated underwriting is 
better understood as a successful computerization movement in which technology use practices 
were shaped by technology action frames conveyed by means of public discourse about the 
innovation.  

At the same time, thereÕs more to the story of automated underwriting than a simple link 
between frames and practices. As dominant as the productivity master frame is in business and 
institutional settings (Colomy, 1998; Strang & Macy, 2001), the initial framing of AU as a 
productivity tool (for GSEs) was hotly contested by large lenders and disconfirmed by 
interactions with and among the components of the technology ensemble of the day. Use 
practices corresponded more closely to the results of these interactions than they did to the initial 
framing of AU. And as a result, a new frame emergedÑ AU as a productivity tool for lenders. 
The cycle repeated itself once more as information about the AU technology ensemble continued 
to accumulate. Partly reinforced by success stories and partly disconfirmed as cheaper and more 
standardized technology became available, the second framing of AU yielded some ground to a 
third framingÑ AU as a productivity tool for all members of the mortgage industry value chain, 
including small lenders, new entrants, brokers, and consumers. It further appears that the framing 
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and reframing of AU has not yet ended, even though AU has now diffused throughout the 
mortgage industry and become a taken-for-granted feature of the institutional landscape. As 
experience with AU continues to evolveÑ as elements of the technology ensemble continue to 
interact with each other and with established practices, confirming and disconfirming prior 
framesÑ new use practices and new frames are likely to emerge. 

Although the early AU frames were partly disconfirmed by technology ensemble 
interactions, they were never completely displaced. As a result, the use practices implied by early 
frames continue to endure, albeit in modified form. Thus, today we observe a variety of 
simultaneous AU use practices in the mortgage industry. We see large lenders and small lenders, 
new entrants, brokers, and service providers using the GSEÕs AU systems (via the Internet 
instead of EDI). But we also see large and small lenders and new entrants using Òtheir ownÓ AU 
systems, whether these are home-grown systems or commercial software products and services. 
In addition, we see consumers with direct access via the Internet to either the GSEsÕ systems or 
the systems of various lenders.  

We conclude that computerization movements are not monolithic phenomena. As with 
other social movements, they can fragment into multiple movements that may drift in subtly 
different directions or actively contend with each other for attention and resources. As these 
dynamics play themselves out, technology ensemblesÑ not just people and organizationsÑ have 
a say in what the technological action frames and technology use practices will be.  

The career of the automated underwriting CM owes not a little to technology ensemble 
interactions. Had EDI been less expensive or more standardized, had the socio-technical 
arrangements of the GSEsÕ AU not conflicted with lendersÕ established work practices, early 
opposition to the use of AU might not have materialized, and the alternative AU use practices 
enacted by lenders might never have taken root. The advent of underwriting data standards may 
yet enable new practices that are currently unforeseen. Thus, although Kling and IaconoÕs 
groundbreaking work reminds us not to privilege economic accounts of the diffusion of new 
technologies over social ones, our study also reminds us not to forget the dynamic interactions 
among components of technology ensembles and between technology ensembles and various 
social actors.  
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TABLE 1 GLOSSARY OF MORTGAGE INDUSTRY TECHNOLOGY TERMS 
TECHNOLOGY DESCRIPTION EXPLANATION 
Fair, Isaac and 
Company (FICO) 
scores 

Technique used to assess borrowersÕ credit-
worthiness; scores computed by assigning 
points to indicators of good/poor credit-
worthiness 

Successful in predicting borrower default in personal lending (e.g., credit 
cards), low FICO scores were shown in 1992 to be a signifi cant 
predictor of mortgage default. It  was concluded that credit information 
should be used in mortgage underwriting decisions and hence should be 
incorporated into automated underwriting systems. 

Automated 
underwriting (AU) 
systems (AUS), such 
as Loan Prospector 
(Freddie Mac) and 
Desktop Underwriter 
(Fannie Mae) 

ÒExpertÓ systems, usually build around 
discriminant models, driven by data about 
borrower credit worthiness and mortgage 
characteristics (e.g., appraised property 
values and loan terms), that result in 
decisions about whether borrowers qualify 
for particular loan products and the prices 
(e.g., interest rates and points) they should 
be charged 

Development began in the mid 1980s among large mortgage lenders and 
the GSEs. The GSEsÕ launching and promotion of AUS in the mid 1990s 
initiated the widespread diffusion of AUS use. 

Electronic Data 
Interchange (EDI) 
and proprietary 
Value Added 
Networks (e.g., 
Freddie MacÕs 
Goldworks) 

Mainframe-era approach to the electronic 
exchange of data; EDI refers to data and 
document standards (e.g., X12 standards); 
VAN refers to the fee-charging network 
operator that provides high-speed data 
transmission capability 

Agreed-upon data formats and networking technologies are essential for 
the successful electronic transmission of data in a form that does not 
require rekeying (as is the case with fax). Dial-up telephone transmission 
can substitute for the use of VANs at much lower cost (and lower speed, 
reliability, etc.). Today, EDI data and document standards are being 
replaced by XML data and document standards (e.g., MISMO standards) 
and VANs are being replaced by high-speed Internet transmission.  
When the GSEs introduced their AUS in 1994/1995, they laid out their 
own data standards and made available their proprietary VANs for data 
transmission. Use of the GSEsÕ data standards was mandatory for use of 
the GSEsÕ AUS; use of their VANs was not.  

Electronic Partner 
Networks (EPN) 

Extension of the VAN concept to include, 
not just the GSEs and lenders, but also the 
service providers with which the lenders did 
business (e.g., credit agencies, brokers, 
appraisers) 

Originally implemented on the GSEsÕ proprietary VANs, the GSEsÕ 
EPNs were eventually migrated to the Internet. Large lenders also 
developed their own EPNs. 
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TABLE 2. THE DYNAMICS OF AU FRAMING AND DIFFUSION 
 
SOCIO-TECHNICAL 
PACKAGE 

TECHNOLOGY ENSEMBLE 
INTERACTIONS 

FRAMING 
CONFIRMATION/ 
DISCONFIRMATION 

DIFFUSION AND USE 
PRACTICES 

AU Framed as a Productivity Tool for GSEs (Emerged circa 1985) 
Lenders were to submit, 
via EDI, credit 
information in GSE-
specifi c data formats to 
GSE(s) for automated 
underwriting via the 
GSEsÕ AUS for a fee 

¥ Evidence presented that use of credit 
scoring substantially reduced default 
risk  

¥ EDI costs were high and automation 
for brokers and credit reporters was 
limited 

¥ Lenders faced additional costs from 
lack of GSE data standards  

¥ Direct access to AUS by brokers 
could allow brokers to bypass 
lenders, leading to their 
disintermediation 

¥ Lenders could lose control over their 
data, their ability to set prices, their 
profi tability, and possibly their 
market to the GSEs 

Framing of AU as a 
productivity tool for 
GSEs was both reinforced 
by the success of AUS 
and eroded by non-
acceptance of EDI by 
brokers and service 
providers 
 

¥ LendersÕ use of credit scoring 
ÒskyrocketedÓ 

¥ Brokers and service providers 
continued to use fax or dial-up 
to transmit data to lenders 

¥ Lender submissions to GSEs 
via AUS were low 

AU Framed as a Productivity Tool for Large Lenders (Emerged circa 1992) 
(Pre 1999) Lenders were 
to ÒprequalifyÓ loans with 
in-house AUS then 
transmit data 
electronically to one or 
both GSEs in different 
formats for automated 
underwriting using the 
GSEsÕ AUS 
(Post 1999) After 
certifying lendersÕ AUS, 
GSEs would accept the 
underwriting decisions 

¥ GSEsÕ AUS developed the capability 
to handle many new borrower 
categories and loan types 

¥ Large lenders successfully developed 
their own AUS 

¥ AUS was shown to reduce lending 
costs and provide other productivity 
and consumer benefits 

¥ Commercial AUS packages became 
available, lowering lendersÕ adoption 
costs 

¥ GSEs offered proprietary Òelectronic 
partner networksÓ to connect lenders 

Framing of AU as a 
productivity tool for 
GSEs was reinforced by 
continued AUS success; 
weakened by the 
emergence and successes 
of lendersÕ AUS, which 
reinforced the framing of 
AUS as a productivity 
tool for large lenders 
 

¥ GSEsÕ AUS were the most used 
AU systems 

¥ Less than 25% of lender 
submissions to GSEs used AUS 
as of 1997 

¥ Some large lenders used their 
own AUS as prescreening tools 
in conjunction with use of 
GSEsÕ AUS 

¥ Some large lenders used their 
own AUS for nearly 100% of 
their loan production by 1999 
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generated by large 
lendersÕ AUS 

with their brokers and service 
providers 

¥ LendersÕ protested GSEÕs AUS 
pricing policies and unwillingness to 
accept common data standards  

AU (via the Internet) Framed as a Productivity Tool for All (Emerged circa 1999) 
AU capability was to be 
made available to brokers 
or consumers (by the 
GSEs, large lenders, 
small lenders, or new 
entrants) at the point of 
sale  

¥ GSEs moved their electronic partner 
networks and AU systems to the 
Internet and provided brokers with 
direct Internet access to AUS  

¥ Smaller lenders and startups 
developed their own AU systems  

¥ ÒInternet-onlyÓ businesses began 
offering AUS online; some 
technology-savvy new entrants were 
able to grow into industry leaders 

¥ Lenders extended their AUS to 
brokers and to consumers via the 
Internet 

¥ Growth in revenues attributed to 
online AUS 

¥ Time required for consumers to 
receive loan approval or loan funding 
dropped to minutes or hours from 
days or weeks 

Framing of AU as a tool 
for GSEs and as a tool for 
large lenders was 
signifi cantly eroded by 
successful uses of AU by 
brokers, small lenders, 
and new entrants, giving 
rise to a new framing of 
AU as a tool for all and as 
ÒessentialÓ to mortgage 
lending  
 

¥ Brokers began demanding 
access to AUS  

¥ By 2003, AUS viewed as 
ÒessentialÓ to the mortgage 
lending process  

¥ By 2005, 90% of lenders had 
implemented AUS; AUS were 
used for an estimated 75% of 
loan production 
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i The numbers following the years in these citations refer to the volume, issue, and starting page of the articles we 
collected and analyzed from Mortgage Banking magazine. 
ii ÒAlt AÓ loans are made to prime credit borrowers who do not supply extensive loan documentation. At that time, 
GSEs did not purchase many alt A loans. Today, the GSEsÕ AUS have been extended to enable their underwriting of 
alt A, and many other types of alternative, loans.  
iii This is a pun on the marketing slogan of Internet-only LendingTree: Òwhen lenders compete, you winÓ. 
iv This was not a game the GSEs could play. They are prohibited by federal charter from originating loans. 


