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Abstract

Researchers need maps to effectively navigate increasingly voluminous

literatures. This is no less the case in the field of problem structuring methods

(PSMs). This paper offers an atlas of the journal literature of the theoretical

development of, what are currently acknowledged to be, the four main PSMs

up to their consolidation in 1989. A thorough contextual appreciation of the

structure and dynamics of this literature sets the stage for addressing some of

its specific aspects, for which an atlas is especially effective as an orientation

device. Substantiated suggestions for exploratory excursions, as well as

potential pitfalls, are accentuated, the overall aim being to provide researchers

with navigational support that may assist their research objectives. Based on

evidence uncovered from the atlas, a number of issues current in the PSM field

are discussed, including the use of the collective descriptor‘family’, the extent

to which PSMs find their origins, and belong, in the wider field of operational

research and the identification of sources that have hitherto received little or

no acknowledgment but which merit attention as precursors and promising

contributors to PSM research. The paper is accompanied by an electronic

supplement containing the basic data of the atlas from which additional maps

may be designed and constructed.
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1 | INTRODUCTION

Since the publication of the first edition ofRational Anal-
ysis for a Problematic World: Problem Structuring Methods
for Complexity, Uncertainty and Conflict(henceforth
RAPW1989) (Rosenhead, 1989a), novel ways of viewing,
critiquing, understanding and examining problem struc-
turing methods (PSMs) have developed. These have been
largely thematic, triangulating between general over-
views (Mingers & Rosenhead, 2004; Rosenhead, 1996),
philosophical frameworks (Franco, 2006; Mingers, 2003;
Yearworth & White, 2014), problem-focused applications

(Ormerod, 2014; Shaw, Edwards, & Collier, 2006; Shaw,
Westcombe, Hodgkin, & Montibeller, 2004; White, 2009),
evaluations (Ackermann, 2012; Franco, 2007; Midgley
et al., 2013; White, 2006), multimethodological develop-
ments (Georgiou, 2012; Henao & Franco, 2016; Lowe,
Martingale, & Yearworth, 2016; Marttunen, Lienert, &
Belton, 2017) and future speculations (Checkland, 2006;
Eden & Ackermann, 2006; Franco & Meadows, 2007;
Jackson, 2006; Rosenhead, 2006; Westcombe, Franco, &
Shaw, 2006).

Systems research has played a significant role in such
developments and not only because its contribution
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through Soft Systems Methodology (SSM)
(Checkland, 2000; Checkland & Poulter, 2006). Its areas
of interest also include the introduction of ethnographic
recordings of PSM facilitators as means for teaching and
enhancing future practice (Tavella, 2018), challenges in
persuading third parties of the value of PSMs (Tully,
White, & Yearworth, 2019), the methodological incorpo-
ration of temporality in PSM approaches (Houghton &
Crump, 2016) and the development of a design science
for the use of PSMs (Keys, 2007), to name but a few.

All such developments reveal the rich opportunities
for PSM research that continue unabated. They also
reflect a voluminous literature, last estimated in the
beginning of the 2010s to be in the low thousands
(Mingers, 2011: p. 735). Confronted by such growing
quantities of publications, PSM researchers find them-
selves increasingly in a position not dissimilar to that of
geographic explorers: for effective navigation, they need
maps. This paper provides an atlas that traces the
theoretical development of four PSMs, as reported in
journal papers, up to their consolidated presentation
in RAPW1989.

There are at least five reasons for focusing on this
past. First, mapping a scholarly field must begin some-
where. To begin at its roots lays the foundation, not only
in terms of suggesting content but also methodology, for
eventual continuity through more comprehensive
endeavours. Furthermore, given that map legibility is
inversely proportional to its constitutive content, the
scope in any one paper must be limited to allow for the
provision of maps of legible scale. Second, a consequence
of RAPW1989becoming the prime reference for PSMs
has been the diminished visibility of the founding litera-
ture prior to the book's publication. As will be shown,
focusing on this literature still has much to offer PSM
research. Third, during the last 25 years, PSM scholars
have described PSMs as constituting a‘family’ of
methods. The evidence provided in this paper should
stimulate researchers to qualify and articulate with
greater accuracy their use of this descriptor. Fourth, the
paper raises evidence that questions the extent to which
PSMs find their origins, and belong, in the wider field of
operational research (OR). And fifth, the paper identifies
sources that have hitherto received little or no acknowl-
edgment but which merit attention as precursors and
promising contributors to PSM research.

Motivated by these five reasons, the paper more gen-
erally suggests means through which an atlas may be
used by scholars to assist their research objectives. In
other words, the aim of the paper is not to offer an over-
arching story of the emergence of PSMs but to provide
the structural support for the eventual writing of such
stories by future scholars. With these preliminary

thoughts in mind, the paper begins, in Section 2, by
qualifying the cartographic model employed. Section 3
outlines the inclusion criteria used for the content of
the atlas. Section 4 provides an initial and thorough
contextual appreciation of the structure and dynamics of
the entire literature mapped in the atlas. This sets the
stage for the next three sections that respectively focus
on aspects of the literature deemed to be of generic
interest and the analysis of which is especially facilitated
by the provision of an atlas. Section 5 addresses top
results, both in terms of papers and the journals in
which they are published, and draws attention to the
fact that any literature emerges in time. Section 6 dem-
onstrates means through which the atlas promotes a
longitudinal appreciation of the literature and points to
the importance of being familiar with a literature. Sec-
tion 7 provides an initial means for attaining such famil-
iarity. Numerous figures and maps accompany the
entire discussion.

2 | THE CARTOGRAPHIC MODEL

This paper offers a series of visual maps, accompanied
by associated statistics, organized as an atlas. In doing
so, the paper takes the epistemological position evident
in general geographical atlases: the topography is laid
out according to different themes, levels of scale and
descriptive statistics. Selective evidence that has been
uncovered during the construction of the atlas receives
brief commentary as a stimulus to future scholarship.
The main focus is to open multiple pathways through
the literature by providing structural information, sug-
gestions for exploratory excursions and warnings of
potential pitfalls.

The maps that compose the atlas are derived from the
citation practices of authors. Mapping citation practices
of those authors active in a field yields a topography of
interrelated sources that, taken together, form the system
through which the field's development may be traced
across time. A bibliographic network emerges, one
designed according to citations used between sources,
resulting in what is commonly known as a ‘citation
network’ (de Solla Price, 1965; Garfield, 1970;
Margolis, 1967). From such a network, it is possible to
extract sets of subnetworks that focus on particular struc-
tural aspects of the literature that, upon analysis, may
prove to be useful complements for understanding the
thematic issues discussed therein. The maps that consti-
tute a bibliographic atlas, therefore, are akin to geo-
graphic atlases: an initial small-scale‘world map’ of the
entire citation network is followed by sets of larger scale
submaps that focus on selected areas of this network.
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The design and utility of citation networks were first
promoted in a comprehensive manner by Eugene Garfield,
initially in the 1950s (Garfield, 1955) and, later, in mono-
graph format (Garfield, 1979). The idea of bibliographic
atlases, however, is relatively new, and its literature dem-
onstrates that the concept has yet to be thought through in
a scholarly, reasoned manner. For example, in herAtlas of
Scienceand Atlas of Knowledge, two publications that are
widely acknowledged as primary references on the subject
(e.g., Leydesdorff, 2011; Stevens, 2016), Börner (2010,
2015) in actual fact concentrates on showing only types of
maps that are possible, illustrating them with examples
from different fields and showing the plethora of data that
can be mapped as a result of applying algorithms. In short,
the ‘atlases’ per se expected from the titles of these other-
wise fine books are nowhere in sight.

One would have thought that research on biblio-
graphic atlases might obtain some guidance from the field
of cartography. Upon examination, however, scholarly
debates in this field are concerned less with atlases than
with individual maps (e.g., Harley, 2001; Jacob, 2006;
Pickles, 2004). Indeed, and surprisingly, the only treatise
that provides a sustained theory of atlas structure and
content is Akerman's (1991) unpublished PhD thesis from
the early 1990s, of which very few paraphrased fragments
have appeared in print (Akerman, 2012). This is unfortu-
nate because Akerman's research offers comprehensive
methodological guidance for atlas production, including
the selection, composition, coverage, design and arrange-
ment of maps that can ensure their cohesiveness when
collected in atlas format.

Inspired by Akerman's approach, as well as
Holton's (1996) approach to‘understanding the history of
science’, Georgiou (2014), Georgiou and Heck (2015) and
Heck and Georgiou (2019) have provided extensive meth-
odological guidelines, as well as demonstrations of the
design, construction and structure of bibliographic
atlases. The cartographic model provided in this paper
follows their seminal work. It is, of course, impossible to
second guess what collections of maps future scholars
may possibly find relevant and print them all in one
paper. For instance, the research reported here con-
structed and examined 368 unique maps from the con-
tent of the atlas. This paper, therefore, is accompanied by
an electronic supplement that provides the basic data of
the cartographic model from which a range of maps may
be constructed by following the approach employed by
Georgiou and Heck (2015). That approach is founded on
network theory, and in particular the theory and practice
of citation networks, selected aspects of which will be
mentioned in context as the discussion unfolds. To that
end, what follows outlines the criteria used for the con-
tent of the atlas offered in this paper.

3 | CONTENT OF THE ATLAS

The content of the atlas is based on three overarching
criteria: the upper temporal bound, the PSMs to be cov-
ered and the type of publication to include.

3.1 | The upper temporal bound

Following ‘the establishment of a coherent identity for
the new field [of PSMs]’ through the publication of
RAPW1989(Rosenhead, 1989a: p. xii), the consolidated
presentation therein of six PSMs facilitated their subse-
quent visibility. A consequence ofRAPW1989becoming
the prime reference for PSMs, however, has been the
diminished visibility of the founding literature prior to
the book's publication.

This is evidenced, for example, in reported teaching of
PSMs where a mere nod toward the foundational litera-
ture is apparently sufficient (Ackermann, 2011: p. 56;
Córdoba-Pachón, 2011: p. 46; Hindle, 2011: p. 39). How-
ever, it leads to opacity. For instance, Ackermann (2011:
p. 57) cites Thomas and Thomas (1928) as a basic source
when encouraging students to appreciate the applicability
of surfacing and capturing different perceptions that drive
behaviour. The extent to which Thomas and Thomas' text
(as opposed to any other) is pertinent to the historical
development, and present teaching of PSMs, however,
only becomes clear upon uncovering its direct influence
on the development of Strategic Options Development and
Analysis (SODA), as witnessed in the foundational papers
by Eden (1977: p. 276, 1978: p. 660), Eden et al. (1979:
p. 58) and especially Eden's (1980: pp. 121–122) under-
standing of this text through Ball's (1972) interpretation.

Ambiguity is also evidenced in supposedly factual
assertions. For example, the introduction of the exact
term ‘problem structuring methods’ is attributed to Wool-
ley and Pidd's (1981) literature review on problem struc-
turing (Mingers, 2011: p. 730) where, however, this entire
term does not appear. The emergence of PSMs is not only
dated to ‘the mid-1960s’ (Rosenhead, 1996: p. 117) but
also to‘the late 70s/early 80s’ (Ackermann, 2012: p. 652).
The ‘first’ recognition of PSMs as a field within OR is
even dated to‘the mid-1990s’, with RAPW1989ignored
altogether (Lowe et al., 2016: p. 1482).

Given such evidence, the present paper may be appre-
ciated as one that, in the words of the historian
E.P. Thompson (1963: 12),‘rescue[s] [the past] from the
enormous condescension of posterity’, by retrieving, and
rendering accessible for research, an important part of
the foundational literature that has largely lain in the
shadow, and thus remained unexplored, ever since the
publication of RAPW1989.

758 GEORGIOUAND HECK



3.2 | The PSMs covered

Since the publication ofRAPW1989, the six PSMs pres-
ented therein have met with unequal fates. For instance,
metagames and hypergames (and their later metamor-
phosis into drama theory) are now all but ignored in
major discussions of PSM theory (e.g., Marttunen
et al., 2017; Yearworth & White, 2014). Why this should
be the case is an unexplored question in the literature.
One reason might be that roots of these methods are to
be found in Cold War military OR and RAND systems
analysis, as well as in journals of peace studies (Bain,
Howard, & Saaty, 1971; Howard, 1971), all of which are
removed from the main thrust of pre-1989 PSM research.

Mingers and Rosenhead (2004) have argued that
SSM and SODA have received much more attention
than the other four. In general discussions, the
Strategic Choice Approach (SCA) also invites some
consideration (Ackermann, 2012; Eden & Ackermann,
2006; Rosenhead, 2009). Indeed, there is an emerging
tendency to focus only on SSM, SODA and SCA
(Ackermann, 2011: p. 56; Checkland, 2006; Konsti-
Laakso & Rantala, 2018: p. 1042; Mingers &
Rosenhead, 2011: pp. 1–2; Ranyard, Fildes, & Hu, 2015:
p. 6; Smith & Shaw, 2019: p. 405). Robustness Analysis
(RA) has received relatively less attention (Driouchi,
Leseure, & Bennett, 2009; Namen, Bornstein, &
Rosenhead, 2009; Wong, 2007; Wong &
Rosenhead, 2000). However, it has‘influenced the early
development of the Strategic Choice Approach’
(Rosenhead, 2005: p. 298; also see Faludi & Mastop, 1982:
p. 243), in which it enjoys a ‘direct application’
(Friend, 2001: p. 142; also see Friend, 1989: p. 150).
Accordingly, the atlas here focuses on SSM, SODA, SCA
and RA. Henceforth, for convenience, the terms‘PSMs’
and ‘the methods’ will refer only to them.

3.3 | The type of publication

The sources mapped in the atlas are journal papers. This
type of source is chosen for its acknowledged scholarly rel-
evance to the community of theorists and practitioners, no
less due to publication being dependent on some peer
review process. The papers chosen are further delimited to
those focused on the development of the theory of PSMs
(be they considered either individually or as a group), a
focus wherein may also be found discussions of conceptual
and methodological issues that inform any eventual prac-
tice. Case studies, or otherwise practical applications of
PSMs, have been included only in so far as they explicitly
contribute to such theory. Friend and Hunter (1970), for
example, not only include a case study but also address

methodological issues that would later become formalized
into SCA. Broadly speaking, then, the atlas maps those
papers responsible for the development of the theory of
PSMs, the bulwarks of its argumentation, its expository
cohesion and its means of informing practice.

3.4 | Material handling and information
processing

As with models in general (Morgan & Morrison, 1999),
bibliographic networks are representational tools for
investigating some aspect of the world. Their accuracy
arises in proportion to explicitly defined criteria, which,
for their part, govern the effort expended in consulting
the content of the sources eventually included or omitted.
The aforementioned design criteria call for the detailed
consultation of the content of papers in order to avoid
not only irrelevant inclusions in the atlas but also inaccu-
racies and ambiguities inherent to citation networks built
through wholesale extractions from digital archives
(Lucio-Arias & Leydesdorff, 2007, 2008; Marsden, 2005:
pp. 24–25). Such inaccuracies and ambiguities arise from
a wide variety of causes, such as changes in journal
names or nonstandard journal abbreviations; editorial
policies that prefer certain indexing services over others,
thus rendering no database unqualifiedly comprehensive
and the availability of records therein eclectic; informa-
tion cascades resulting in unfounded authority claims
(Greenberg, 2009); the use of citations for window dress-
ing, self-citation, paying homage, politically motivated
flattery, offering corrections, opening disputes, describing
methodologies or simply offering a literature review
(Hummon & Doreian, 1989: p. 40); and the different
meanings of citations that have been found to exist across
research fields (Hargens, 2000).

Consulting the content of papers, therefore, has
resulted, here, in an atlas of relatively greater accuracy in
compositional content than might otherwise be the case.
For instance, as per the aforementioned focus, any one
citation link in the atlas is specifically indicative of devel-
opments in theory. In addition, technical corrections
have been possible, such as, for example, Rosenhead and
Wiedermann's (1979) error in referencing
Rosenhead's (1980b)‘methodology for Robustness Analy-
sis’ as having been published in 1978. Nevertheless, possi-
ble omissions from the atlas are not beyond argument.
Garfield (1979: p. 25) notes that‘producing a citation net-
work of appreciable size and utility is a massive
materials-handling and information-processing job’. This
is compounded when the network's citation links are
inserted according to the arguments used by the scholars
in their papers and not through wholesale incorporation
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of their reference lists. Following the latter practice
would result in a more voluminous network but at the
cost of serviceability and clarity of purpose (not to men-
tion legibility of the maps themselves). The atlas here
does not promise comprehensiveness but rather ade-
quacy, relevance, utility and accuracy as an orientation
device through its constitutive literature in accordance
with its inclusion criteria.

The approach to collating papers and filtering them
for inclusion in the atlas is summarized in Figure 1. It fol-
lows an approach recommended by Garfield (1979:
pp. 19–40). First, a Source References Index is con-
structed, in which is included those sources collated from
archival searches. Next, a Cited References Index is con-
structed wherein, in the first instance, are compiled rele-
vant sources are cited by the Source References. In
addition, this second index includes sources unconfined
by the Source References; those, that is, that result from
familiarization with the literature and independent
research. Figure 1 shows that of the 2,589 documents
retrieved, 155 were ultimately deemed as abiding by the
design criteria for inclusion in the atlas.

A paper in the atlas is classified as SSM, SODA, SCA
and RA if it describes/explains and develops that particu-
lar PSM's theory. Theory, however, cannot for long be sep-
arated from historical and methodological discussions
and, eventually, from particularities of some constituent
technique within a PSM. Where such discussions have
occurred, therefore, the respective paper has also been
included and classified according to the PSM it addresses
(e.g., Eden, 1988; Hickling, 1978; Rosenhead, 1980b). A
paper is classified as‘problem structuring methods in gen-
eral’ (PSMG) if it treats any subset of two or more PSMs in
order to delineate and/or consolidate theory appreciable
as relevant to PSMs in general. Finally, a paper is classified
as a‘theoretical precedent’ (TP) if its content contributes
to the historical development towards PSMs and it has
been cited by papers in the aforementioned five categories.

There are four scholars respectively associated with
the development of SSM, SODA, SCA and RA: Peter
Checkland, Colin Eden, John Friend and Jonathan
Rosenhead. The literature has alternatively called them
‘progenitors’ (Ackermann, 2012: p, 652),‘originators’
(Eden & Ackermann, 2006: p. 766) and‘gurus’
(Westcombe et al., 2006: p. 776). In what follows, they
will be collectively referred to as PSM‘instigators’. Apart
from writing on the methods themselves, these instiga-
tors also published PSMG and TP papers. At times, the
discussion will want to differentiate papers in these two
categories published by other scholars; these latter papers
will be prefixed by the term ‘Independents’. In addition,
some of the TP papers authored by Instigators cite papers
whose content is clearly TP but which are not necessarily

cited by the other categories. Such cited papers have been
deemed relevant for inclusion in the atlas for their contri-
bution to understanding the context of the theory devel-
oped by the Instigators.

Ultimately, the atlas has been constructed following a
series of reflections and judgments given the contents of
sources, about which decisions of inclusion and exclusion
have had to be made in accordance with the aforemen-
tioned criteria, the main interest being to offer an
expanded coverage without sacrificing conformance to its
design criteria. This follows the‘nominalist’ approach to
network construction (Wasserman & Faust, 1994:
pp. 31–32), whereby the boundary of the network is set
in accordance with a specific topic of interest and, addi-
tionally for the present case, a specific upper temporal
bound. Because such boundaries enclose an enumerable
set of items appreciable as constituting the population of
interest, there is no need for sampling and statistical
inference (Kolaczyk, 2009). As such, the design criteria of
the atlas allow for a clearly identifiable set of papers, with
explicitly defined connections between them, resulting in
a complete network that is open to structural exploration,
one that can guide researchers toward attaining substan-
tial familiarity with the literature. Such an exploratory
approach is valued and extensively promoted in network
studies, not only for mapping literatures but also for
learning about networks in general (de Nooy, Mrvar, &
Batagelj, 2018) and studying fields as diverse as interna-
tional relations (Maoz, 2011) and‘dark’ (or illicit) net-
works (Everton, 2012).

Overall, then, for researchers interested in exploring
the theoretical developments of PSMs through journal
papers, for the period up to 1989, this paper offers an
atlas of the territory. The discussion now turns to exam-
ining the content of the atlas, beginning with a thorough
contextual appreciation of the structure and dynamics of
the entire literature mapped therein. As will be seen, this
will speak to issues current in the PSM field.

4 | CONTEXTUAL OVERVIEW OF
THE ATLAS

The atlas is composed of 155 papers (see Figure 1) and
406 citation links. These are shown in their entirety in
Figure 2, a small-scale map depicting a large territory in
diminished detail, akin to a world map presented in the
initial pages of a geographic atlas. A list of all the papers
depicted in Figure 2 is available in Appendix A.

In Figure 2, the papers are distributed across six time
periods according to their publication dates, with time
moving from left to right. No pairs or groups of papers
reference each other (in the occasional case where such
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mutual references are indicated in the papers themselves,
their respective chronological dates and, where neces-
sary, the volume, issue or pages of a journal have served
to model the required asymmetry).

Although the 1950s and 1960s are represented in entire
decades, map legibility necessitates the division of the rela-
tively larger number of publications in the 1970s and
1980s into respective earlier and latter halves: 1970–1974,
1975–1979, 1980–1984 and 1985–1989. The papers are also
colour coded according to one of the six topics they

respectively address: for example, Bulow (1989) is an SSM
paper, whereas Hurni (1954) is a TP.

Figure 2 shows that vertices represent papers con-
nected by directed lines called‘arcs’. Arcs represent
asymmetrical (i.e., irreciprocal) citation links. A paper at
the tail of an arc, the ‘citee’, is cited by a paper at the
head of the arc, the‘citer’. The terms 'citee' and 'citer'
refer to papers as opposed to any individual author. In
graph-theoretical terminology (Aldous & Wilson, 2000:
p. 92), the sum of arrows leaving a citee constitutes its

F I G U R E 1 Summary of
materials handling [Colour
figure can be viewed at
wileyonlinelibrary.com]
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‘outdegree’, whereas the sum of arrows reaching a citer
constitutes its‘indegree’. There will be occasion, in later
maps, to introduce undirected lines, known as‘edges’
that reflect symmetrical (i.e., reciprocal) relationships
between papers. In this case, the out/indegree distinction
simplifies to ‘degree’, one that records the total number
of edges incident with a vertex.

As a world map, Figure 2 invites the opportunity for a
general contextual appreciation of the structure and
dynamics of the literature depicted therein. Akin to ini-
tial sections found in geographical atlases that address
physical and human systems of the planet in order to set
the context for the variety of particular, regional maps
that follow (National Geographic, 2014: pp. 4–53), con-
textual appreciation that situates eventual, more particu-
lar explorations of the literature emerge upon analysis of
certain data sets derived from the map of Figure 2. The
data sets are shown in Figure 3. Upon analysis, they shed
light on the heretofore unexplored aggregate structure
and dynamics of the foundational journal literature, pro-
viding answers to questions such as follows:

• Which time period was most influential in subsequent
scholarship or witnessed the largest consolidation of
prior scholarship?

• Which time period contains half of this literature's
volume?

• What is the proportion of PSM papers in the atlas, and
what temporal trends in PSM publications are
evidenced?

• What proportion of the atlas is taken up by the theoret-
ical base (TP papers) that inspired/motivated the emer-
gence of PSMs, and how is it distributed across
scholarly fields?

• To what extent are there citation relationships between
PSM papers, as well as between PSMG, PSM and TP
papers?

Ranging from the panoramic to the detailed, from the cir-
cumstantial to the particular, what follows not only offers
researchers navigational guidance through the literature
but also highlights aspects that merit future research and,

F I G U R E 2 The “World Map” of the atlas. PSMG, problem structuring methods in general; RA, Robustness Analysis; SCA, Strategic
Choice Approach; SODA, Strategic Options Development and Analysis; SSM, Soft Systems Methodology; TP, theoretical precedent [Colour
figure can be viewed at wileyonlinelibrary.com]
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furthermore, addresses some current issues in the PSM
literature.

4.1 | The longitudinally arrayed adjacency
matrix

The top of Figure 3 shows the temporal distribution of
citations in a longitudinally arrayed adjacency matrix
(Aldous & Wilson, 2000: pp. 113–117). Rows and col-
umns correspond to the time periods. The entries of any

one row show that a number of times papers published
during the respective time period were cited in their own
or future time periods. The entries of any one column
show the number of times papers published during the
respective time period cited papers from their own or pre-
vious time periods. The diagonal asymmetry of the results
reflects the acyclic, directed nature of the network
through its use of arcs.

Each row yields the aggregate outdegree results for—
or, equally, the number of arcs originating from—a time

F I G U R E 3 Aggregate‘world map’ data tables. PSMG, problem structuring methods in general; RA, Robustness Analysis; SCA,
Strategic Choice Approach; SODA, Strategic Options Development and Analysis; SSM, Soft Systems Methodology; TP, theoretical precedent
[Colour figure can be viewed at wileyonlinelibrary.com]
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period. For example, in 1975–1979, 40 papers were publi-
shed. Reading across the representative row, these papers
were cited a total of 153 times from 1975 to 1989. Reading
down the representative column, these same papers cited
previous papers 84 times, 41 of which times concerned
papers from 1975 to 1979. This same time period is the
most cited, accounting for 37.7% of all outdegrees in the
atlas, making it the most influential to the development of
subsequent scholarship. Roughly half of these outdegrees
are from papers concerned with expanding the role or pro-
cess of OR (e.g., Ackoff, 1979a; Eden & Sims, 1979), or
those that introduced either technical concepts, such as
CATWOE (Smyth & Checkland, 1976), or new modelling
approaches to facilitate decision-making (Eden, 1978).

The time period that cites most is 1980–1984, with
over half of all indegrees in the atlas, making for the larg-
est concentration of consolidation of previous scholar-
ship. A third of these indegrees are due to initial, and
disparate, efforts of consolidation. One such effort is
evidenced in the decade-long attempt to render accept-
able, as an underpinning for PSMs, what was once pos-
ited as rebellious: Rosenhead's (1981) stipulation of six
‘anti-OR’ principles, first put forward in the late 1970s
(Rosenhead, 1978a) that by the end of the decade, would
be tempered into characteristics of the OR‘alternative
paradigm’ (Rosenhead, 1989a: p. 12). A contrasting effort
is that of systems research to contribute to smoother tran-
sitions between OR theory and practice: that is,
Checkland's (1983) proposal, influenced by the develop-
ment of SSM, to close the gap between OR theory and
OR practice through the adoption of a systemic process
of inquiry. Both exemplify how the nascent PSM field
immediately felt itself aligned with OR. As will be shown
shortly, however, such a felt alignment was surprisingly
contrary to the fact that the emergence of PSMs was less
theoretically underpinned by OR itself than by a collec-
tive majority of other fields.

In general, over half (52.3%) of the atlas' papers were
published in the late 1970s (25.8%) and early 1980s
(26.5%), in the wake of a steady increase in publications
ever since the 1950s. The late 1980s, however, saw a sud-
den 50% decrease in publications. The reason for this
decline cannot be inferred solely from the contents of the
papers, and future research might want to contextualize
this phenomenon by comparing it to publications else-
where (e.g., conferences, books and so on) during the
same time period.

4.2 | The temporal distribution of papers
per topic

The four PSMs together contribute 63 papers (41%) to the
atlas, of which a full two-thirds concern SODA (38.1%)

and SSM (28.6%), reflecting a relatively greater published
theoretical development of these two methods in journal
papers. The temporal emergence of all four PSMs up to
1989, however, was uneven, as shown by the temporal
distribution of papers per topic in the middle of Figure 3.
For example, on the one hand, the 1970s saw more
papers, nine in total, published on RA than any other
PSM, although five of those nine papers are extensions to
Rosenhead, Elton and Gupta's (1972) development of the
planning criterion of robustness. On the other hand,
SODA saw most of its papers published (14 or 58.3%) dur-
ing the early 1980s. From this time period onwards, there
is an evident decrease in RA, SCA and TP papers, with
an acute 79% decrease in SODA papers in 1985–1989. By
contrast, during the late 1980s, SSM increased its output,
publishing 44% of its total papers during the last 4 years
of that decade. These disparate trends, however, should
be considered against a background that saw complete
treatises on SSM, SODA and SCA that appear in book
form throughout the 1980s (e.g., Checkland, 1981/1999;
Eden, Jones, & Sims, 1983; Friend & Hickling, 1987),
simultaneous to an increasing, if still incompletely articu-
lated, perception of the rise of a novel field, as indicated
by the appearance of PSMG papers.

Over half of the atlas, 81 papers or 52.3%, is composed
of TPs, constituting a theoretical base of some significant
breadth and depth that served to inspire the emergence
of PSMs. Up to the late 1970s, TPs consistently out-
numbered all other publications combined. Of the 81 total
TPs, 14 are authored by the four PSM Instigators. Their
direct influence on Independent TPs is relatively low: on
the one extreme, four (Eden & Graham, 1983;
Friend, 1977; Rosenhead, 1980a, 1984) are not cited at all
by Independent TPs, and at the other end, the highest
outdegree of 6 from Checkland's (1971)‘systems map of
the universe’ is actually to TPs authored by himself.
Therefore, far from including content dependent upon,
or consciously biased to buttress, the development of
PSMs, Independent TPs raise issues from multiple litera-
tures that would eventually be taken up by PSMs.

These Independent TPs can be roughly divided into
two types: those that provide theoretical precedents (TPs)
through critique directed at OR practices and those that
provide such precedents because of developments in
other fields. Examples of the former type include Church-
man and Schainblatt's (1965) analysis of the relationship
between operational researcher and client; Ackoff's (1976)
appeal for participative planning in OR; and, Dando and
Bennett's (1981) dissection of the state of OR in the early
1980s. Examples of the latter type include the develop-
ment of incrementalism (Lindblom, 1959); the thesis of
the failure of large quantitative models (Lee, 1973); the
identification of the properties of planning problems
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(Rittel & Webber, 1973); and, the elements of planned
change in organizational design (Bennis, 1965).

Of the 81 TP papers, the largest single group of
26 (32%) are found in, or specifically address, OR. This
may be a reason why Rosenhead (1989a: p. 342) asserted,
in RAPW1989, that PSMs ‘have origins in operational
research’. However, the atlas shows that the‘origins’ are
much broader, lying in a large majority of 55 TP papers
(68%) from a diversity of fields, with over half of these
from systems research, policy science, and planning the-
ory, as shown in Figure 4.

What is interesting to note about the papers constitut-
ing these diverse origins is that, save for a couple on gen-
eral methodological design (Jones, 1966a, 1966b), they
lack any discussion on operational methods. Instead, they
are filled with expressions of need for such methods.
Examples include the desiderata for new methodologies
expressed by Stringer (1967) and Foster's (1972) call for
action research. This suggests that the diverse fields that
theoretically underpinned the emergence of PSMs consti-
tuted a ready market for new methods to operationalize
the tackling of uncertainty and complexity, which is
exactly what PSMs do.

Instead of attending to these fields, however,
RAPW1989specifically chose to persuadeOR to adopt
PSMs as approaches for dealing with‘messy’ problems:
the overwhelming argument of the book was that the
methods form an ‘alternative’ to this field's ‘orthodox’
approach (Rosenhead, 1989a: p. 12). The strategy adopted
to support this choice was to point to an apparent

intellectual and methodological ‘crisis’ in OR. In the
wider context of scholarly dynamics of the time, this was
hardly a unique or an original manoeuver. In the late
1980s and early 1990s, 'crises' erupted in a range of schol-
arly fields, in each case announced by a small minority of
scholars such as, for example, Ostrom (1989) in public
administration, Harley (1989, 2001) in cartography, and
Jenkins (1991, 1995) in history. For its part,RAPW1989
pointed to a minority of a dozen scholars and less than
20 publications (Rosenhead, 1989a: pp. 2–3) in an OR
field otherwise impervious to any apparent'crisis'
(Hansen, 1989; Kan, 1989).

In retrospect, it was a Sisyphean choice. To date, only
some OR journals publish PSM research, and the
methods' relevance to the OR field continues to be
questioned (Collins & Hester, 2016; Harwood, 2019;
Mingers, 2006, 2009a, 2009b, 2009c, 2011; Morrill, 2007).
After more than three decades since the publication of
RAPW1989, Ackermann et al. (2020: p. 2), while trying to
bolster the case for PSMs, and still insisting on their
rightful place within OR, provide a monotonously
unchanging verdict:

Soft OR is still not universally acknowledged
as a legitimate part of the OR tool kit…. Soft
OR methods are perceived as lacking the
objectivity and rigour that are contained in
mathematical models…. Soft OR methods are
not part of OR because OR is specifically
concerned with mathematical modelling.

F I G U R E 4 The diversity of
fields addressed by the large
majority of theoretical
precedents (TPs) [Colour figure
can be viewed at
wileyonlinelibrary.com]
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In light of this history, Lowe and Yearworth's (2019:
p. 1393) claim that‘PSMs are now mainstream’ sounds
more like an echo from a Platonic cave than a reflection
of reality. This is in contrast to developments in fields
listed in Figure 4. Take two examples. First, despite the
affiliation between PSMs and design thinking
(Keys, 2007; Jones, 1970/1992; also see Georgiou, Heck, &
Mrvar, 2019 for a discussion in the context of SCA), the
latter has surpassed the former by leaps and bounds in
visibility, with the establishment of innumerable associa-
tions, such as the Interaction Design Foundation, and of
homes in places such as Stanford University.1 Second, as
will be further discussed in Section 5.1, policy science has
been concerned with‘PSMs’ at least ever since the early
1980s (Dunn, 1981: p. 130), and though interest continues
unabated (Coulthart, 2017; Dunn, 2018; Hoppe, 2018), it
does so without the participation of the PSM field. Had
RAPW1989engaged with those fields hungry for methods
that operationalize the tackling of uncertainty and com-
plexity, one can only wonder at the visibility, not to say
prestige, that PSMs might be enjoying today. The evi-
dence in Figure 4 points to a way forward. There is a dis-
tinct, collective majority of fields that furnished the
intellectual roots of PSMs. The field of PSMs should
break out of its self-imposed languishment in the back-
water of OR and swim upstream toward them.

4.3 | The topic matrix

The topic matrix at the bottom of Figure 3 shows the
aggregate citation relationships between topics. Of the
four PSMs, SODA is the most cited with an outdegree of
70, although 56 (80%) of these outdegrees are to other
SODA papers. SODA is also the PSM that cites the most,
with an indegree of 111, although, again, just over half of
these indegrees are from other SODA papers. The shaded
cells of the topic matrix show the dearth of citation rela-
tionships between the four PSMs. Save for SODA
(Eden, 1985; Sims, Eden, & Jones, 1981) citing one paper
from SCA (Luckman, 1967) and one from SSM
(Checkland, 1972), the four PSMs do not cite each other
at all. Sparse relationships are also evident between
(i) PSMGs on the one hand and PSMs and TPs on the
other; and (ii) TPs and PSMs. Consider each in turn.

As indicated by the line values in the top left quad-
rant of Figure 5, PSMG papers cite PSM papers a total of
16 times. The subnetwork also shows that only three
PSMG papers (Bennett, 1985; Rosenhead, 1978a, 1981)

cite more than one PSM. These three papers, moreover,
address PSMs in two pairwise subsets involving only
three of the methods: RA with SCA (Rosenhead,
1978a, 1981) and RA with SODA (Bennett, 1985).
Although not shown in the subnetwork, it is also worth
noting that of all PSM papers, only one, from RA,
coauthored by Rosenhead (Best, Parston, &
Rosenhead, 1986), cites a PSMG paper (which also hap-
pens to be authored by him (Rosenhead, 1978a). PSMG
papers also offer limited references to TPs, as shown in
the top right quadrant of Figure 5: of the 11 PSMG papers
in the atlas, six (55%) cite TPs, and the distribution of
these latter is uneven, with only Rosenhead (1981) citing
five of the seven TPs. In addition, the seven TPs represent
only 8.6% of the 81 available.

The 226 outdegrees from TPs outnumber those of all
other topics combined. This may not be surprising, espe-
cially if one expects that PSMs will make extended use of
TPs to found their approaches. The topic matrix shows,
however, that there is a distinct gap between the 16 TP
citations by RA and SCA on the one hand and the 88 cita-
tions by SODA and SSM on the other. Furthermore, as
shown in the bottom left quadrant of Figure 5, only a
handful of TP citees are common to the four PSMs, and
even then, the links are partial. RA and SSM share only
Ozbekhan (1977) as a common TP citee. RA and SCA,
two PSMs perceived as complementary
(Rosenhead, 1980b: pp. 337–339; Rosenhead, 1981:
p. 361), similarly share only one TP as a citee
(Stringer, 1967). Of the three TPs that are jointly
acknowledged by SSM and SODA, only one
(Ackoff, 1979b) is Independent, the other two have been
written by the respective Instigators of the two methods.
In brief, only three Independent TP citees are partially
common across the four PSMs, creating sparse and
incomplete TP bridges between them.

Finally, the 114 indegrees to TPs outnumber those of
any one other topic. Thirty-two (28%) of these indegrees
come from RA, SODA and SSM, with SCA never being
cited. The bottom right quadrant of Figure 5 shows that
the 32 indegrees are distributed across 13 TP citers. None
of these TP citers treat two or more of the aforemen-
tioned three PSMs in any consolidated manner. In other
words, even as citers, TPs create minimal bridges
between the PSMs.

The sparse relationships, identified above, invite a cri-
tique of Rosenhead's (1989a: p. xii) initial presentation of
PSMs inRAPW1989:

Do these methods have, despite their diver-
sity, an underlying unity? Here they can be
seen, not just as separate developments, but
in conjunction with each other […] with their

1For a concise appreciation, see https://www.interaction-design.org/
literature/article/design-thinking-get-a-quick-overview-of-the-history
(accessed 3 March 2020).
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F I G U R E 5 Subnetworks between PSMs PSMGs and TPs. PSMG, problem structuring methods in general; RA, Robustness Analysis;
SCA, Strategic Choice Approach; SODA, Strategic Options Development and Analysis; SSM, Soft Systems Methodology; TP, theoretical
precedent [Colour figure can be viewed at wileyonlinelibrary.com]
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conceptual borrowings, cross references and
parallel formulations […] assist[ing] in the
establishment of a coherent identity for the
new field.

Unity, conjunction, conceptual borrowings, cross refer-
ences, parallel formulations and coherent identityy–
these terms, along with the packaging of the methods in
RAPW1989as a labelled ("problem structuring methods")
set of approaches, seem to have stimulated and
reinforced the notion that the methods constitute a 'fam-
ily'. This descriptor was first posited by Rosenhead (1996:
pp. 120 and 127) seven years after the publication of
RAPW1989.It has been subsequently adopted, liberally
and uncritically, across the PSM literature to this day
(e.g., Cunha & Moraes, 2019: p. 1081; Driouchi
et al., 2009: pp. 698–699; Franco, 2006: p. 813, 2008:
pp. 267, 268, 271 and 282, 2009: p. 193; Franco
et al., 2004: pp. 586 and 589; Hindle & Franco, 2009:
p. 1637; Keys, 2007: p. 525; Konsti-Laakso &
Rantala, 2018: p. 1042; Mateo et al., 2017: pp. 43 and 44;
Mingers & Rosenhead, 2011: pp. 1–2; Phi et al., 2014:
pp. 407–409 and 413–414; Smith & Shaw, 2019:
pp. 413–415; Souza et al., 2015: p. 43; Veldhuis
et al., 2015: pp. 251–252; White, 2006: p. 842). At the very
least, such a descriptor implies a common ancestry. Evi-
dence for this, however, has never been presented. To be
sure, writing 15 years afterRAPW1989, Mingers and
Rosenhead (2004: p. 530) asserted that PSMs articulated
their theoretical bases from‘disjoint areas of theory’. Five
years later, Rosenhead (2009: p. S10) stated that PSMs
‘developed independently’. Again, however, no evidence
was presented, and the latter statements have largely
been ignored by the wider literature in favour of the 'fam-
ily' descriptor.

The atlas here shows that the four decades of journal
papers that preceded the publication ofRAPW1989offer
no substantial evidence of common intellectual ancestry
between PSMs, no unity or coherent identity in their
development, no evidence of overt or explicit parallel
formulations and only a handful of partial cross refer-
ences. Even inRAPW1989itself, only two occasions arise
where one instigator formally acknowledges another:
Eden (1989: p. 41), when discussing SODA, cites Friend
and Hickling's (1987) book on SCA, whereas Friend and
Jessop's (1969) precursor to that same book is cited by
Rosenhead (1989b: p. 217) in his presentation of RA.

Perhaps much has happened since 1989 that may be
found to justify treating PSMs as a 'family' of methods. It
all depends on what the term is taken to mean. But to
even pose this question, following decades of widespread
adoption of the term, indicates how inattentive the litera-
ture has been in qualifying it to support its assertions.

Without such qualification how might seemingly confi-
dent attempts, such as those by Yearworth and
White (2014: p. 943) or Smith and Shaw (2019: p. 403), to
axiomatically formalize a uniform ‘PSM methodology’ or
to uncover ‘the similarities of PSM characteristics’, be
ultimately appreciated? A substantially articulated con-
ceptual bridge from heterogeneous birth to homogeneous
conceptualization seems necessary, if discussions that
single-mindedly focus on the latter are not to be rendered
questionable by the failure to account for the hybrid
ancestry of PSMs.

In brief, what the overview here shows is that, up to
1989, the PSM journal literature is divided between the
four PSMs, which build on separate theoretical ancestries
and develop distinct methodological approaches. The
attempt byRAPW1989to provide unity under the identify-
ing banner of ‘problem structuring methods’ is not
supported by the peer-reviewed journal papers antedating
the book's publication. There was no identifying unity of
PSMs in 1989. The extent that there was seven years later,
when they were first described as a 'family' (Rosenhead,
1996: pp. 120 and 127), is a matter for future research, one
that will at least have to address any interplay to be found
between citation practices and any posited meta-
methodological logic that could justify the descriptor.

Overall, the above orientates researchers in the aggre-
gate structure and dynamics of the PSM journal literature
up to 1989. As in geographic atlases, the focus now turns
to particular aspects of the literature. Choosing aspects
on which to concentrate is a judgment call that cannot
hope to second guess the eventual needs of researchers.
There are, however, particularities of a literature upon
which it seems inherently relevant to focus and for which
task an atlas is especially effective. They are addressed in
the next three sections that, respectively, concern (i) top
results, (ii) the longitudinal emergence of the literature
and (iii) a means through which the atlas assists in
gaining an initial appreciation of the wider literature.
The aim of these sections is to suggest paths through
which future research may approach the foundational
journal literature of PSMs.

5 | TOP RESULTS

In this section, the relations between top results are pres-
ented as one means for getting to grips with the litera-
ture. No judgment is implied on their significance due to
their seemingly privileged position. It also advisable that
they be considered alongside papers that appear in lower
rankings, and some examples of such papers are given. In
general terms, what follows addresses the identification
of those papers and the relationships between them that:
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• integrate/consolidate the greatest amount of previous
scholarship;

• are cited the most; and,
• propel the literature forward.

In addressing the above, the discussion also sheds
light on the distribution of media in which papers are
published and the publishing choices of authors them-
selves. In addition, a hitherto unacknowledged, promis-
ing source for PSM research is identified.

5.1 | Top citers

The top left of Figure 6 shows a subnetwork of nine
papers that constitute the top five citers according to
dense ranking of indegrees. The citation relationships
between them and their number of citees in brackets are
also shown. The indegrees of these top citers account for
24% of the citation links in the atlas. All top citers were
published in the 1980s, the decade with the most
indegrees (282 or 69.5% of the atlas' citation links), 35%
of which are accounted by the top citers. Of the four
PSMs, only SODA is represented here, a function of its
being the one PSM that cites far more than any of the
others. The dispersed structure of the top citers is a func-
tion of the aforementioned divergence of ancestries and
methodological developments between PSMs, and the
resultant minimal acknowledgement between them.

Structurally, top citers are interpretable as, at the very
least, integrators of previous work and useful sources for
getting a grip on the literature of the atlas. The presence
of PSMG and TP papers as top citers indicates their value
for understanding the overarching issues for which PSMs
were designed. For example, Rosenhead (1980a, 1981)
continues to lay foundations from earlier work
(Rosenhead, 1978a) for what would become the 'alterna-
tive paradigm' in RAPW1989; Checkland (1983) offers a
complimentary view from the system theoretical perspec-
tive; and, both are brought together by Jackson (1987) to
support his pluralist ‘prospect’ for management science.

Dunn's (1988) presence as a top citer in the atlas may
come as some surprise to PSM scholars. The research
reported here undertook to uncover some acknowledge-
ment of his work in the PSM literature to date, but found
none. For the time period covered here, the only connec-
tion from Dunn's paper to the rest of the atlas is through
three citees once removed (Lindblom, 1959; Habermas,
1970b; Ackoff, 1971), as shown on the left in Figure 7. Its
high indegree is also due to TPs uncited by others. As will
shortly be pointed out, however, the content of Dunn's
paper renders these TPs relevant for future explorations of
theoretical foundations for mainstream PSM research.
Moreover, Figure 7 shows that Dunn cites seven books, all

of which were cited by papers in the atlas prior to 1988.
There is, therefore, a case to be made for considering
Dunn's work as a useful source for future PSM research.

The case begins with the fact that his paper
(Dunn 1988: p. 720) is the only one in the atlas to intro-
duce the exact term ‘problem structuring methods’,
one year prior to the use of this term inRAPW1989.To
be sure, Dunn was not discussing the specific PSMs con-
sidered here. He had, however, been using this term as
far back as 1981, in his book onPublic Policy Analysis
(Dunn 1981: p. 130). Back then, the field of OR was only
beginning to awake to the general idea of‘problem struc-
turing’ (Woolley & Pidd, 1981), while Dunn, Mitroff and
Deutsch (1981) were already advancing the ill-structured
nature of PSM evaluation—an issue that PSM scholars of
the OR community would independently acknowledge
and address only 25 years later (see, e.g., White, 2006).

Specifically, there are at least four reasons why
Dunn's (1988) paper merits attention. First, it discusses
the idea ofproblem structuring methods, and the contexts
in which they might be applicable, in terms closely
aligned to PSM papers in the atlas. Second, it distin-
guishes between key methodological aspects of the pro-
cess of policy analysis, a context not irrelevant to PSMs
(e.g., Eden, Jones, Sims, & Gunton, 1979; Friend, 1977;
Rosenhead, 1978a, 1981). Third, it introduces a principle
of methodological congruence:‘The appropriateness of a
particular type of method is a function of its congruence
with the type of problem under investigation’ (p. 724). In
turn, this principle enables Dunn to provide a refined
definition of a Type III error: from one of ‘formalizing, or
solving the “wrong” or “ less appropriate” problem’ to
one of ‘solving the wrong problem by employing a
method whose level is incongruent with that of the prob-
lem under investigation’ (p. 724–725). It is worth adding
that Hitch (1955: p. 474) provided an early warning on
Type III errors, and the issue is addressed regularly in
every decade mapped in the atlas (Ackoff, 1962: p. 8;
Ackoff, 1977: p. 2; Ackoff, 1979a: p. 98; Bevan &
Bryer, 1978: p. 414; Churchman, 1970: p. B48;
Dunn, 1988: p. 720; Ware, 1959: p. 7). Finally, Dunn's
paper indicates that Rescher's (1980) work on epistemol-
ogy, to date unexplored by the mainstream PSM litera-
ture, opens research avenues for issues arising in PSM
evaluation. In covering such a diverse range of issues rel-
evant to PSMs, Dunn's work merits attention as a precur-
sor and promising contributor to PSM research.

5.2 | Top citees

The bottom left of Figure 6 shows a subnetwork of eight
papers that constitute the top five citees according to
dense ranking of outdegrees. The citation relationships
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F I G U R E 6 Top citer, top citee and radar subnetworks. PSMG, problem structuring methods in general; RA, Robustness Analysis; SCA,
Strategic Choice Approach; SODA, Strategic Options Development and Analysis; SSM, Soft Systems Methodology; TP, theoretical precedent
[Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E 7 Dunn's (1988) paper in relation to the atlas. PSMG, problem structuring methods in general; RA, Robustness Analysis;
SCA, Strategic Choice Approach; SODA, Strategic Options Development and Analysis; SSM, Soft Systems Methodology; TP, theoretical
precedent [Colour figure can be viewed at wileyonlinelibrary.com]
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between them and their number of citers in brackets are
also shown. By coincidence with the indegrees of the top
citers, the outdegrees of these top citees also account for
24% of the citation links in the atlas. Seven of the eight
papers were published in the 1970s, the decade with the
most outdegrees (242 or 59.6% of the atlas' citation links),
36% of which are accounted by these top citees. Of the
four PSMs, SODA and SSM are those cited to a greater
extent across the atlas, so their presence here is expected.

The presence of TPs as top citees is indicative of this
category's provision of theoretical foundations for PSMs.
Ackoff's (1979a) presence, in particular, will be expected
by those familiar with the literature. This paper, along
with its sequel (Ackoff, 1979b) and Checkland's (1983)
‘OR and the systems movement’ are the only three TPs to
be cited by the broadest spectrum of PSM instigators:
Rosenhead, Checkland and Eden, as shown in Figure 8.

Due to their relatively large number of citers, top
citees are recognized by citation network theorists as con-
stituting a ‘basic unit of analysis in mapping’, and as
indicative ‘markers of discovery or invention’ (Garfield,
Malin, & Small, 1978: pp. 181–182). Top citees are navi-
gators who open new knowledge frontiers: they might
(a) be triggers of new or revisionist movements;
(b) include original historical/archival research; (c) draw
attention to previously disregarded empirical observa-
tions; and, (d) offer more effective models based on stipu-
lated criteria. If they are cited by top citers (as is the case
here), their relevance is compounded. In brief, top citees
should be‘on the radar’, so to speak.

In this respect, Figure 6 offers a‘radar’ subnetwork
whereby top citees are flanked, on the one hand, by their
own direct citees (i.e., those who inspired the changes
substantiated by the top citees) and, on the other, by their
direct citers (i.e., those who used the changes, developed
them, or even took them forward in substantial ways).
Also included are direct citers of top citees who are

subsequently cited by other top citees. Arcs within each
of the groupings have been excluded in the interest of a
clearer visual. The radar subnetwork shows those papers
responsible for propelling the theoretical frontiers of the
PSM literature up to 1989.

There is a distinct absence of SCA papers in the radar
subnetwork. However, three direct citers (Eden, 1985;
Rosenhead, 1978a, 1981) in the radar subnetwork benefit
from SCA, while, in turn, SCA benefits from one direct
citee (Stringer, 1967). If SCA is invisible from the radar
subnetwork, therefore, it is not altogether removed from
efforts to push back the frontiers of the PSM field. Deeper
research into the SCA literature is required to gauge the
full extent of SCA's contribution in this respect.

Finally, when considering top citees, it is also worth
accounting for the opposite occurrence: those papers that
are cited only a few times. For instance, Rittel and
Webber's (1973) paper on the distinctive characteristics of
planning problems was cited only three times up to 1989
(Checkland, 1983; Rosenhead, 1978a, 1981), although
today it would be recognized as a major theoretical
underpinning of any PSM. Additionally, Ackoff's (1977)
opening paper in the first volume of theEuropean Jour-
nal of Operational Research (EJOR)remains, to this day,
a little-known precursor to his better known critique of
traditional OR (Ackoff, 1979a). Sims' (1981) commentary
on Ackoff's (1979a, 1979b) classic papers, and
Smithin's (1982) primer on cognitive mapping, have been
overlooked in the ensuing years, while Woolley and
Pidd's (1981) literature review of problem structuring is
uncited, not only in the atlas but also in RAPW1989.
Indeed, up to 1989, Woolley and Pidd's review was cited
by merely two papers that may be said to be only margin-
ally related to (and therefore not included with) those in
the atlas: those by Smith (1988) and Pidd (1988). Inatten-
tion to past papers also occurs within particular PSM lit-
eratures: for example, up to 1989, SCA does not cite some

F I G U R E 8 The three TPs (Ackoff, 1979a, 1979b; Checkland, 1983) cited by the broadest spectrum of PSM instigators (Rosenhead,
Checkland and Eden). PSMG, problem structuring methods in general; RA, Robustness Analysis; SCA, Strategic Choice Approach; SODA,
Strategic Options Development and Analysis; SSM, Soft Systems Methodology; TP, theoretical precedent [Colour figure can be viewed at
wileyonlinelibrary.com]
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of its own fundamental papers on multiorganizational
decision making (Friend, 1976, 1980; Friend &
Hunter, 1970). Such comparative examinations enable an
appreciation of the degree to which perceived importance
of papers has changed over time, and how relatively less
cited papers might contain surprisingly relevant insights
for contemporary issues. In brief, the fact that some
papers are cited less than others is no reliable proxy for
judging the quality of their content—it merely reflects
the extent of research (or lack thereof) into the literature
undertaken by scholars at any particular time.

5.3 | Top journals

Overall, the papers in the atlas are authored by
114 scholars and distributed across 54 journals. A couple
of journals changed their name during the decades cov-
ered by the atlas. The BritishJournal of the Operational
Research Society(1978 to present) wasOperational
Research Quarterly(1950–1952 and 1970–1977) as well as
OR (1953–1969). Here, it is treated as one journal under
the rubric JORS/ORQ/OR.Similarly, the American Jour-
nal of the Operations Research Society of America
(1952–1955) becameOperations Researchin 1956. Here, it
is indicated asJORSA/OpsRes.

Figure 9 shows the top five journals according to
dense ranking of numbers of papers published therein.
These journals account for 86 papers or 55.5% of the total
papers in the atlas. Of the combined 17 papers that con-
stitute the top citers and top citees, identified earlier,
10 (59%) are published in these journals, of which six in
JORS/ORQ/OR.

In terms of number of papers published, no one jour-
nal holds an absolute majority across the atlas. This is
due to a combination of the aforementioned ancestral

and developmental variety of the literature, together with
some scholars' understandable preferences for dissemi-
nating their work across as wide an audience as possible.
The first case is exemplified by comparing SSM with RA:
72% of SSM papers were published in the BritishJournal
of Applied Systems Analysis (JASA), contributing heavily
to this journal's strong showing; while 83% of RA papers
were published in JORS/ORQ/OR, and thus contributed
one quarter of this journal's papers. The second case is
exemplified by SODA: although contributing four of the
six papers inEJOR—a journal chosen by no other PSM—
SODA published most widely across journals, 15 in total
(or 1.6 papers per journal). In addition, the 81 TP and
11 PSMG papers are distributed across a wide range of
journals, 37 (or 2.18 papers per journal) and 6 (or 1.83
papers per journal), respectively.

Whereas Figure 9 shows the number of papers in the
top journals, Figure 10 can be used as a guide to the
number of relevant authors one might expect to find in
particular journals and, of these, the number published
in other journals.

Figures 11 and 12 identify the authors behind
the numbers, with those authors contributing directly to
the literature on PSMs mapped in the former, whereas
the remaining are recorded in the latter. In terms of pub-
lishing in more than one journal, Figure 11 shows that
the PSM instigators are led by Eden (13 journals),
followed by Friend and Checkland (six journals each)
and Rosenhead (five journals). Overall, 23 authors (20%)
in the atlas have published in more than one journal,
indicating that four fifths of the authors up to 1989 did
not disseminate their work across multiple journals or
disciplines.

Despite the fact that no one journal holds an absolute
majority of number of papers published, there is signifi-
cant evidence of disciplinary concentration. For instance,

F I G U R E 9 Top journals by quantity of
papers
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the British JORS/ORQ/ORis responsible for the single
highest percentage of papers in the atlas (25.16%, see
Figure 9). Figure 13 traces how this percentage evolved
against the overall volume of papers published per time
period. The evolutions for EJOR and JASA,
JORS/ORQ/OR's most constant competitors across the
entire timescale of the atlas, are shown for context.
Between 1970 and 1979,EJORand JASAwere increasing
their output against the stagnation (slight decline) suf-
fered by JORS/ORQ/OR.In the late 1970s, each of these
two journals respectively published 10% of the atlas'
papers, as againstJORS/ORQ/OR's own 20%. Then, in the
early 1980s,JASA published nine papers, six SSMs and
three TPs, accumulating 22% of the atlas' papers—only
two papers short of those published inJORS/ORQ/OR.
During the same period, however,EJORfell out of favour
among authors.

Overall, Figure 13 indicates that, despite never
achieving an absolute majority, from the 1960s to 1989
the British JORS/ORQ/ORremained the single most
important outlet to consult for research related to PSMs.
All Instigators who contributed chapters toRAPW1989
were British, leading Rosenhead (1989a: p. xiii) to
highlight the ‘distinctive British contribution’ of PSMs in

cultural terms. The results here show that, to some great
extent, this is reflected in the journals chosen by authors
to publish their PSM research.

Figure 13 and others, such as Figure 6, as well as the
contextual discussion of the atlas in Section 4, serve as
reminders that a literature does not appeartout à la fois.
It emerges in time. Whether research interests focus
merely on cause–effect intellectual relationships between
sources, or the time it took to form citation relationships
between them, some appreciation of the longitudinal
dynamics of the literature is required. The next
section presents some means through which the atlas
may assist in this respect.

6 | LONGITUDINAL
DEVELOPMENT

Longitudinal maps offer time-specific panoramas that
may guide historical research, literature reviews, and
deep explorations into the territory. Two types of longitu-
dinal maps are considered here: (i) synchronic maps of
each time period; and, (ii) diachronic maps of two partic-
ular types of clusters commonly uncovered in citation

F I G U R E 1 0 Top journals networks (brackets indicate number of authors published therein, and line values indicate number of
common authors between journals) [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 1 1 Authors contributing directly to the problem structuring method (PSM) literature (brackets indicate the following: for
journal, number of authors published therein; for author, number of journals in which published) [Colour figure can be viewed at
wileyonlinelibrary.com]

F I G U R E 1 2 Remaining authors (brackets indicate the following: for journal, number of authors published therein; for author, number
of journals in which published) [Colour figure can be viewed at wileyonlinelibrary.com]
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networks. Since the utility of these maps is subject to
researchers' purposes, the following discussion is intro-
ductory, drawing attention to only some possibilities.

6.1 | Synchronic maps

A synchronic subnetwork exemplifies the thinking of its
respective time period by showing the papers published
in that time period along with their direct citees, as well
as incidental relationships between them. In some cases,
it is also a reflection of the citation practices of its time.
Take, for example, the papers published in the 1950s, as
shown in Figure 14. No citation relationships exist
between the 10 TP papers, despite the fact that seven of
the 10 papers were published inJORSA/OpsResand con-
tain evidence of similar subject matter—for example,
Hurni (1954) and Ware (1959)—and similar concerns—
for example, Koopman and Hitch (1956) and
Wanty (1957). The lack of citation relationships is proba-
bly due to the fact that citing references for grounding an
argument was a practice not followed as rigorously as it
is today. It should be borne in mind, therefore, that some
authors who published elsewhere, such as Drucker, were
professionally connected with theJORSA/OpsResgroup,
as evident in the Drucker–Hurni correspondence.2

Drucker's (1959: p. 239) paper, in particular, is nota-
ble for introducing the notion of the ‘futurity of present
decisions’, which is explicitly encountered in RA and
SCA: ‘The question that faces the long range planner is
not what we should do tomorrow. It is what do we have
to do today to be ready for an uncertain tomorrow’.

Moreover, his idea that‘long range planning is not an
attempt to eliminate risk’ speaks to the manner in which
uncertainty is handled by SCA. Drucker's is a profound
paper on whose pages PSM scholars will find much to
support their case. His recognition of the primary impor-
tance of problem structuring is explicit:‘Organization of
information is often more important to the ability to per-
ceive and act than analysis and understanding of the
information’ (p. 242). Ultimately, his call for‘a theory of
entrepreneurial inference’ (p. 246) may be appreciated as
the underlying quest that PSMs have been striving to
articulate. Along with the perpetually relevant summa-
ries offered by Wanty (1957) and Ware (1959) on the limi-
tations of hard OR, there is much to be gained by
revisiting the foundational papers of the 1950s.

Turning to the PSMs themselves, Figure 15 shows
that they began to emerge in the mid-1960s. It was an
auspicious beginning, in that SCA took the lead with a
contribution by the famous graph theorist, Frank Harary
(Harary, Jessop, Luckman, & Stringer, 1965), during his
visit to the Tavistock Institute (Harary, 1967). Harary's
contribution is historically significant for it provides the
first computational details of the ‘Analysis of Inter-
connected Decision Areas’ (AIDA) that lies at the core of
SCA. A couple of years later, Luckman (1967) revised
Harary's approach in the interest of visually cleaner
option graphs. SCA has adopted this revision ever since,
with recent research by Georgiou et al. (2019) providing
computational and analytical completeness. A year after
Luckman's paper, Gupta and Rosenhead (1968) publi-
shed the first full statement of RA—an approach that, as
noted earlier, influenced SCA and in which it is directly
applied—in what is one of this PSM's most cited papers.

The early 1970s provide a more specific insight. As
shown in Figure 16, this period was dominated by the
range of, and interlinks between, the citees in

F I G U R E 1 3 Evolution (black curve) of
percentage of papers published inJORS/ORQ/
OR[Colour figure can be viewed at
wileyonlinelibrary.com]

2Available from the Claremont Colleges Digital Library at the following
URL: http://ccdl.libraries.claremont.edu/cdm/search/collection/dac/
searchterm/hurni/order/nosort. (Accessed 18 April 2017).
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Checkland's (1972) first paper on SSM, titled Towards a
Systems-Based Methodology for Real-World Problem-
Solving. This paper is noteworthy on a number of counts.
Of all SSM papers in the atlas, it has the highest indegree
(7) and outdegree (13). It is also the highest citee within

its own topic, being cited by 7 of the remaining 17 SSM
papers. It is one of only two papers that link PSMs
directly, as noted in Section 4.3. And, perhaps even more
significantly, of all papers up to 1989, it is the first to
explicitly state the relation between problem structuring

F I G U R E 1 4 1950–1959 synchronic
subnetwork. PSMG, problem structuring
methods in general; RA, Robustness
Analysis; SCA, Strategic Choice
Approach; SODA, Strategic Options
Development and Analysis; SSM, Soft
Systems Methodology; TP, theoretical
precedent [Colour figure can be viewed
at wileyonlinelibrary.com]

F I G U R E 1 5 1960–1969 synchronic
subnetwork. PSMG, problem structuring
methods in general; RA, Robustness Analysis;
SCA, Strategic Choice Approach; SODA,
Strategic Options Development and Analysis;
SSM, Soft Systems Methodology; TP, theoretical
precedent [Colour figure can be viewed at
wileyonlinelibrary.com]
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F I G U R E 1 6 1970–1974 synchronic subnetwork. PSMG, problem structuring methods in general; RA, Robustness Analysis; SCA,
Strategic Choice Approach; SODA, Strategic Options Development and Analysis; SSM, Soft Systems Methodology; TP, theoretical precedent
[Colour figure can be viewed at wileyonlinelibrary.com]
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and problem solving:‘problem solving is dependent upon
problem structuring’ (p. 115). The dependency in ques-
tion does not only concern the possibility of solving a
problem. As Checkland (2000: p. S30) has emphasized,
problem structuring governs the efficiency, effectiveness,
efficacy, ethicality and esthetics of the solution. For stu-
dents of SSM, Checkland's (1972) paper merits the posi-
tion of primary reference.

Finally, appearances in the literature of all four PSMs
together first emerged in the period 1975–1979, as shown
in Figure 17. None of the PSMs cited each other directly,
and none shared any mutual citees. Instead, their emer-
gence within a connected component is a result of a
handful of TP intermediaries (such as Ackoff, 1971,
1979a; Stringer, 1967; Ozbekhan, 1974) and one PSMG
(Rosenhead, 1978a). This map reinforces the attention
that must be paid to the directions of the arcs before
drawing conclusions on cohesiveness—the four PSMs
appeared together, but not in mutual acknowledgment, a
tendency that, as has been discussed, was to continue
throughout the time span covered by the atlas.

As demonstrated by this selective discussion, syn-
chronic longitudinal maps yield diverse insights that may

stimulate different research tasks. Such maps also allow
scholars to organize their research chronologically, delv-
ing into period details that can eventually be synthesized
to provide a more holistic understanding of the field. As
mentioned in Section 2, additional synchronic subnet-
works may be constructed using the electronic supple-
ment that accompanies this paper in conjunction with
the instructions provided by Georgiou and Heck (2015).

6.2 | Diachronic subnetworks

Diachronic maps that trace the cumulative evolution of
the entire literature quickly become visually snarled.
However, there are two ways of providing clustered dia-
chronic maps: longitudinal bibliographic couplings and
longitudinal co-citations.

6.2.1 | Longitudinal bibliographic
couplings

Bibliographic couplings are pairings of citers based on
the shared number of citees between them
(Kessler, 1963). The greater the number of citees shared

F I G U R E 1 7 1975–1979 synchronic subnetwork. PSMG, problem structuring methods in general; RA, Robustness Analysis; SCA,
Strategic Choice Approach; SODA, Strategic Options Development and Analysis; SSM, Soft Systems Methodology; TP, theoretical precedent
[Colour figure can be viewed at wileyonlinelibrary.com]
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between a pair of citers, the greater the structural indica-
tion that the pair of citers either share similar subject
matter or are a useful combination for studying a particu-
lar line of reasoning or jointly integrate previous work.
Figure 18 shows the coupling subnetworks from the
1950s onwards on a cumulative basis. Line values indi-
cate the number of citees shared by a pair of citers. The
thresholds of ‘n or more citees in common’ are set to
enable clearer visuals. The maximum number of citees
shared during each cumulative period is also recorded.
The absence of SCA in these couplings is explained by
the fact that couplings for this PSM begin to appear only
after 1974 and, for the remainder of the time span of the
atlas, they never exceed two citees in common.

Coupling of existing citers cannot change over time
because it is a function of citees already available. Notice,
for example, that the only difference between the
1950–1984 and 1950–1989 subnetworks is that new citer
couplings join the former couplings that remain with
unchanged line values. Also noticeable is the presence of
some of the top citers in the latter two coupling subnet-
works. Newman (2010: p. 117) notes that this is an
observable phenomenon in citation networks since, as
integrators of previous work, top citers have high
indegrees, and therefore large bibliographies, with citees
in common between them. Coupling scores can therefore
serve as indicators of content similarity between two
citers, allowing for an appreciation of their divergent or
convergent interpretations of joint citees.

6.2.2 | Longitudinal co-citations

Co-citations are pairings of citees based on the number of
citers in which they are both cited (Small, 1973). The
greater the number of citers in which a pair of citees is to
be found, the greater the structural indication that the
pair either share a common intellectual interest or are a
useful combination for pursuing a particular line of rea-
soning, or are jointly influential or useful. Figure 19
shows the co-citation subnetworks from the 1950s
onwards on a cumulative basis. Line values indicate the
number of citers sharing a pair of citees. In the interest of
consistency, the thresholds for co-citations have been set
equal to those for couplings. The maximum number of
citers in which a pair of citees is found is also recorded
for each cumulative period.

Co-citation of two citees can increase over time as the
pair receives new co-citations. It is noticeable that, from
1979 onwards, all top citees enjoy increases in co-cita-
tions. Structurally, this is expected: Newman (2010:
p. 117) notes an observable phenomenon in citation net-
works whereby there exists a positive correlation between

strong co-citation performance and respectively strong
individual citation performance for any two papers in
question. Perhaps more importantly, the maps assist in
identifying those co-citees that are cited along with top
citees, thus facilitating the studying of complementary
sources. Overall, longitudinal mappings of co-citations
enhance an appreciation of a literature's dynamic
changes.

In general terms, bibliographic couplings and co-
citations are indicators of content cohesiveness across a
literature. As always, however, such cohesiveness is best
understood alongside familiarity with the literature itself.
Consider, for example, one of Ackoff's (1956) highly
orthodox papers from the mid-1950s, The Development
of Operations Research as a Science. In that paper, he
argued that a problem, as defined by a decision maker,
requires studies in organizational behaviour, although
the same problem, from the operational researcher's per-
spective, requires tackling subjective judgment and/or
subjective probability, along with value, in order to, even-
tually, translate the decision maker's understanding into
quantifiable, programmable data (Ackoff, 1956:
pp. 267–270). In this distinction and, significantly, prior
to his ‘apostasy’ (Kirby, 2003) from orthodox OR, Ackoff
was presaging Checkland's (1985a: p. 765) more explicit
rendition 30 years later:‘The well-defined problem need-
ing solution is the special case within the general case of
issues calling for accommodations’. Even if their papers
are otherwise different, therefore, on this point
Ackoff (1956) and Checkland (1985a) share a common
intellectual interest and pursue a similar line of reason-
ing, rendering them prime co-citations. Yet, in the atlas,
no paper ventures to offer a comparative analysis.

The example demonstrates that longitudinal struc-
tural analysis of a literature reflects a field's stipulated
understanding of cohesion at a particular point in time,
but that this understanding may be incomplete. Only
familiarity with the content of a literature can hope to
provide evidence that either reinforces or tempers the
cohesion uncovered by structural analysis. Becoming
familiar with a literature, however, poses its own chal-
lenges. In the following, final section, an initial means
toward this end is suggested based on the relationships
between the papers in the atlas.

7 | BECOMING FAMILIAR WITH
THE LITERATURE

Faced with a voluminous literature, the question arises of
useful means for obtaining an initial familiarity with a
scholarly field. Relatively concise reading lists suggested
by qualified others, such as professors and researchers,
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abound. The diversity evident in such lists reflects the
preferences, research experience, and scholarship of
those who posit them. A bibliographic atlas, on the other

hand, allows for the construction of a reading list based
on the relative significance placed on particular sources
by those scholars who have themselves contributed to the

F I G U R E 1 8 Longitudinal bibliographic coupling subnetworks (line values indicate number of citees shared by any two citers). PSMG,
problem structuring methods in general; RA, Robustness Analysis; SCA, Strategic Choice Approach; SODA, Strategic Options Development
and Analysis; SSM, Soft Systems Methodology; TP, theoretical precedent [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 1 9 Longitudinal co-citation subnetworks (line values indicating number of citers citing any one pair of citees). PSMG,
problem structuring methods in general; RA, Robustness Analysis; SCA, Strategic Choice Approach; SODA, Strategic Options Development
and Analysis; SSM, Soft Systems Methodology; TP, theoretical precedent [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E 2 0 Main path analysis—Robustness Analysis and Strategic Choice Approach. PSMG, problem structuring methods in
general; RA, Robustness Analysis; SCA, Strategic Choice Approach; SODA, Strategic Options Development and Analysis; SPC, search path
count; SSM, Soft Systems Methodology; TP, theoretical precedent [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E 2 1 Main path analysis—SODA and SSM. PSMG, problem structuring methods in general; RA, Robustness Analysis; SCA,
Strategic Choice Approach; SODA, Strategic Options Development and Analysis; SPC, search path count; SSM, Soft Systems Methodology;
TP, theoretical precedent [Colour figure can be viewed at wileyonlinelibrary.com]
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literature of a field. Such significance stems from the
citation relationships between sources, so that, ulti-
mately, the reading list reflects the structure of the
literature itself.

To this end, citation network theorists have developed
a method, known as‘main path analysis’. Spanning the
entire network, this approach uncovers a chronologically
ordered stream of papers that appear on a greater num-
ber of citation paths than others. Batagelj's (2003) varia-
tion, known as search path count (SPC), is the one used
here, because it enjoys general adoption (Jo, Chang-
Wook, Sunyoung, & Yoon, 2009; Liu, Lu, Lu, &
Lin, 2013; Lu, Lin, Liu, & Yu, 2012) and serves as the
foundation for more advanced variations (de Nooy,
Mrvar, & Batagelj, 2018: pp. 291–304; Liu & Lu, 2012)
that may be explored in future research.

The ‘main path’ is analogous to that piece of anatomy
to which converges, and from which diverges, the ner-
vous system: the spine. The procedure counts (1) all paths
from each citee to each citer in a network and (2) the
number of paths that include a particular citation link
(that is, a particular arc). The latter divided by the former
yields a‘traversal weight’ for any particular citation link,
indicating the proportion of paths that use it. The
sequence of papers yielding the highest traversal weights
constitutes a path across a citation network, from its
beginning to its end, hypothesized as representing the
main stream, or backbone, of its constitutive literature.

An assumption behind main path analysis, about
which bibliographic analysts are surprisingly silent, is
that the literature in which it is applied is homogeneous.
The evidence in this paper has shown that this assump-
tion does not hold for the PSM literature up to 1989.
Indeed, when applying the analysis to the atlas, the
resulting main path, in both content and sequence, is
composed of the very same papers that make up the main
path of SSM. On the one hand, this indicates the domi-
nant citation influence of SSM across the atlas, and the
central role this methodology played in the PSM litera-
ture up to 1989. On the other hand, however, it does not
offer the essential stream of research for the different
PSM literatures covered by the atlas.

Following PSM-specific network extractions, the two
main paths respectively associated with RA and SCA are
shown in Figure 20, whereas those for SODA and SSM
are shown in Figure 21. They represent reading lists con-
stituted by those papers to which the scholars mapped in
the atlas themselves have implicitly attributed relatively
more importance because of their own citation practices
when developing PSM theory. It is noticeable that the
lack of common papers between these four paths con-
firms, once again, the independent nature of the develop-
ment of the four PSMs up to 1989.

8 | CONCLUSION

Researchers need maps to effectively navigate increas-
ingly voluminous literatures. This is no less the case in
the field of PSMs. This paper has provided a bibliographic
atlas of the theoretical development of four PSMs, as
reported in journal papers, up to their consolidated pre-
sentation in the first edition of Rational Analysis for a
Problematic World: Problem Structuring Methods for
Complexity, Uncertainty and Conflict (RAPW1989)
(Rosenhead, 1989a). In so retrieving and rendering acces-
sible an important part of the foundational literature that
has largely lain in the shadow ever since the publication
of RAPW1989, the paper has provided structural support
to researchers to explore it thoroughly.

A number of specific insights have been discussed.
To begin with, evidence from the atlas shows that the
four PSMs arose from independent ancestries, thus
supporting latter-day assertions by Mingers and
Rosenhead (2004: p. 530) and Rosenhead (2009: p. S10)
that PSMs articulated their theoretical bases from‘dis-
joint areas of theory’ and ‘developed independently’.
Given this, the widespread, but uncritical, adoption, evi-
dent in the literature to date, of the term 'family' to
describe the methods, is rendered problematic, and
more exact qualification, articulation and research are
required if it is to act as an accurate descriptor.

Related to this, the atlas has qualified
Rosenhead's (1989a: p. 342) assertion that PSMs have
‘origins in OR’ by identifying a collective majority of
other fields that constitute the intellectual foundations
of the methods. Given the schism evident in the inter-
national OR community when it comes to acknowledging
the relevance of PSMs in this scholarly field, the evidence
presented in the paper suggests that efforts increase in
situating the methods in the aforementioned collectivity.

Particular papers have also been highlighted for their
seeming utility to future research. For example, four rea-
sons have been suggested for studying Dunn's (1988)
paper on Methods of the Second Type. The significance
of Checkland's (1972) first paper as a primary reference
on SSM has been noted. And Drucker's (1959: p. 246) call
for ‘a theory of entrepreneurial inference’, if articulated
with accuracy through future research, promises to
reflect theraison d'êtreof PSMs.

A comparative lens has further identified that
papers that lie in seemingly unbridgeable temporal and
intellectual shores, such as those by Ackoff (1956) and
Checkland (1985a), merit attentive study for the com-
monalities that may be found therein that, in turn,
may contribute to greater cohesiveness in interpreting
the literature. And, using a wider lens still, the group
of papers that are responsible for propelling the
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literature forward has also been mapped in a 'radar
subnetwork'.

Ultimately, stemming from the citation practices of
the contributing scholars to the atlas, the paper has
suggested a set of respective, concise reading lists of the
four PSMs. These offer an initial means for becoming
familiar with the larger quantity of the literature mapped
in the atlas.

Future, more comprehensive, endeavours in map-
ping the PSM literature should bear in mind that net-
work studies form an active part of mathematics with
no let-up on new approaches and results (e.g., Bang-
Jensen & Gutin, 2009). Newman (2010) offers an acces-
sible general introduction, while helpfully showing that
by no means all approaches are relevant to citation net-
works (e.g., pp. 67–72, 116–119, 169, 222–261, 180–181,
430, 487–499, 511 and 534–539; also see Jo et al. (2009)).
Specific advances in citation modelling and biblio-
graphic network analysis are discussed by Batagelj
et al. (2014: pp. 117–262). Researchers, therefore, are
not short of material when considering the design of
bibliographic atlases.

Two immediate suggestions offer themselves for
amplifying the atlas. First, wider literature may be added
to the existing atlas such as books, book reviews, disserta-
tions, conference proceedings, unpublished manuscripts,
published lectures and magazine articles. Easing the atlas'
design criterion would also allow for inclusion of empiri-
cal case studies, as well as metagames, hypergames and
drama theory—not to mention the ‘related methods’
suggested by Rosenhead and Mingers (2001: pp. 267–288).
Such an amplified network would reveal the contextual
position, within a wider literature, of the papers consid-
ered thus far.

Second, amplification is also possible by maintaining
the atlas' current focus on theoretical journal papers on
four PSMs and adding, in a timely fashion, new papers
that meet its design criterion. In this respect, the year
2001 provides a logical, extended upper temporal bound,
because this year saw the publication of the second edi-
tion of RAPW(Rosenhead & Mingers, 2001). Lengthening
an upper temporal bound, however, is not reducible to
merely accumulating more of the same mappable
material. In the same way that consecutive editions of
geographical atlases account for shifts in political bound-
aries, temporally elongating a bibliographic atlas requires
attention to shifts and additions in subject matter, as well
as to emergent requirements for recontextualization
and/or reclassification of prior material within new
themes. For example, the period 1989–2001 saw the
emergence of a new topic that came to be known as‘mul-
timethodology’ (e.g., Eden & Radford, 1990; Mingers &
Brocklesby, 1997; Mingers & Gill, 1997). The root of this

topic is Bennett's (1985) paper‘on linking approaches’
(for a discussion, see Georgiou, 2012: pp. 393, 398, 399,
401 and 405). Currently classified in the atlas as PSMG, a
temporally extended atlas would need to introduce the
new classification of multimethodology, classify the
paper therein and subsequently recontextualize it within
the debates of the extended period.

In general, designing bibliographic atlases is not
merely a question of presenting static collections of maps.
The task requires a logic of accumulation that must bal-
ance extendible structure, additional content and modifi-
able interpretation within a unifying editorial framework
that is sensitive to evolutionary changes in a literature,
not dissimilar to the exigencies encountered in geo-
graphic atlas design (Akerman, 1991). In this respect, the
multidisciplinary development of the PSM literature pro-
vides an excellent testing ground from which biblio-
graphic atlas design may be further developed and
improved. Furthermore, because a bibliographic atlas is
fundamentally constituted by network links, it is essen-
tially a system of interrelations. Scholars of systems
research, therefore, should be encouraged to participate
in the development of the theory and practice of biblio-
graphic atlas design. In mapping the PSM literature itself,
their field can provide a visual record of one of the dis-
tinct intellectual contributions to decision science.
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