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Linking human factors to corporate strategy
with cognitive mapping techniques
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Abstract. For human factors (HF) to avoid being considered of “side-car” status, it needs to be positioned within the organiza-
tion in such a way that it affects business strategies and their implementation. Tools are needed to support this effort. This pa-
per explores the feasibility of applying a technique from operational research called cognitive mapping to link HF to corporate
strategy. Using a single case study, a cognitive map is drawn to reveal the complex relationships between human factors and
achieving an organization’s strategic goals. Analysis of the map for central concepts and reinforcing loops enhances under-
standing that can lead to discrete initiatives to facilitate integration of HF. It is recommended that this technique be used with
senior managers to understand the organizations' strategic goals and enhance understanding of the potential for HF to contri-
bute to the strategic goals.
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1. Introduction and Problem Description

The benefits from the application of human factors
(HF) are frequently under-capitalized in organiza-
tions. For HF to avoid being considered an extra or
as some have suggested having “side-car” status, it
should be positioned so as to directly affect business
strategies [4, 5]. While the literature suggests HF
should have a strategic role, and that management
support for HF is necessary, it is less clear about how
to achieve this. Tools and techniques to help senior
management link HF to strategic goals are needed.
As a means to do this, we suggest borrowing a tech-
nique from the operational research and management
fields. The purpose of our work is to demonstrate
with a single case study, the utility and feasibility of
cognitive mapping to reveal the complex relation-
ships between HF and strategic goals in the organiza-
tion. The technique has multiple potential benefits. It
can provide insight for HF practitioners about the
strategic goals of the organization and how senior
managers align HF with strategic goals. It can also
reveal gaps in understanding concerning HF. The
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outcome of the mapping reveals action items that can
lead to discrete initiatives that would facilitate inte-
gration of HF into production systems design. This
paper will explain the technique and show a portion
of a cognitive map from a single case study to illu-
strate its potential.

2. Cognitive Mapping Methodology

Cognitive mapping has been used in management
sciences to address complex problems, for example
investigating contributing factors to a large overrun
on an engineering project, and to facilitate decision-
making and negotiation [9, 14]. When compared with
other elicitation techniques, such as surveys, struc-
tured interviews, systems mapping, comparison ma-
trices, and soft systems methodologies, mapping has
been shown to rate especially high for truthfulness
and richness of data, amenable to both qualitative and
quantitative analysis [2].
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In this illustrative case study, used to explore the
potential utility of cognitive mapping, a one-hour
interview was conducted with one co-author of this
paper (PN). The question posed during the interview
was “how can integrating HF into design processes
help a company achieve their strategic goals”? The
interviewee, a certified ergonomist, did not represent
a company, but responded generically based on expe-
rience working with several manufacturing organiza-
tions. Mapping was performed using methods sug-
gested by Ackerman et al [1], where concepts (short
phrases) are written down on a large paper as the
interviewee responds in a hierarchy with strategic
goals at the top of the page, main themes in the mid-
dle of the page, and action items towards the bottom.
Figure 1 portrays this hierarchical alignment of con-
cepts. Concepts are then connected by directional
arrows to show the path of interaction and options as
a thread progresses between the question and strateg-
ic goal. Connections are always causal where one
concept leads to another. During the process the in-
terviewee can visually observe the map develop and
see his or her ideas and connections emerge, thereby
facilitating the generation of new ideas and connec-
tions. The interviewee proceeds to relate concepts
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and make connections being prompted only as neces-
sary by the interviewer with questions such as “what
does this lead to?”

Analysis of the data involved entering hand-
written concepts and links into a mapping software
program (in this case Banxia Decision Explorer).
Concepts were visually coded by using a different
font and format for each of strategic goals, sub-goals,
and action items. Concepts were arranged hierarchi-
cally and re-drawn for clarity to minimize the num-
ber of cross-links. The software was used to run a
series of analyses on the data, exploring each concept
for the number of direct connections, and total con-
nections (the “centrality” of a concept). Each concept
is scored based on the number of concepts and dis-
tance removed (number of links) of all other linked
concepts, with diminishing scores the further re-
moved. High scores for centrality therefore suggest
“busy” concepts or those that are highly networked
and central to the theme. Concept clusters that appear
to stand apart from other sections of the map were
also analyzed. A “loop” analysis was used to reveal
reinforcing circular concepts.

()

Fig. 1. Sample hierarchical cognitive map showing strategic goal at the top, sub-goals in the middle and numerous actions that led to goals.
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3. Case Study Illustration of Cognitive Mapping

The one-hour mapping session resulted in a total
of 71 concepts. The interviewee suggested that the
main strategic goal for many manufacturing compa-
nies is to release new products on a regular basis.
This was supported by four sub-goals: increased
product variety, rapid set-up, rapid operational
ramp-up, and increased yield and throughput. The
size and complexity of a highly networked map with
71 concepts makes it very difficult to read and com-
prehend. However, software analysis provides a
number of alternate ways to parcel the data. The
analysis of ‘“central” concepts is revealing. In the
sample map of the case study, the concepts most
central to achieving strategic goals were: improve
set-up of assembly; define chunks of work that can
be run in parallel rather than serial; improve quality;
improve work-rest ratios; and improve design for
assembly to improve product design.

The software can then be used to draw smaller
maps that focus on the central concepts to indicate
action items that would support these. Figure 2
shows the action-related concepts that support *'im-
proving the design of the assembly to improve
product design''. Arrows leading away from the
concept “improve design for assembly to improve
product design” (box 14) may indicate that this
would lead to not only the main strategic goal (re-
lease new products on a regular basis), but also im-
proving error detection (box 16), correcting mis-
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takes quickly (box 15), improving assessments (box
72), and increasing flexibility (box 11). Arrows
leading into the central concept indicate what ac-
tions achieve improving design of assembly. In Fig-
ure 2, increased cognitive performance (of opera-
tors) (box 22) is believed to result in improved as-
sembly design (box 14). Increased cognitive per-
formance can be achieved by improving instructions
for assembly (box 25) or by increasing control and
reducing demands (on operators) (box 53). Continu-
ing to disentangle the concepts shows four action
items that link into improving instructions for as-
sembly. This concept also leads to reduced need to
learn (assembly becomes more automatic) (box 24).
Figure 2 also shows that improving psychosocial
factors (box 51) via increased control and reduced
demands leads to increased cognitive performance.
A number of other concepts also lead to improving
psychosocial factors. Review of the smaller maps
more clearly illustrates the link between actions typ-
ically considered in the realm of human factors
(such as improve positioning of tools, improve psy-
chosocial factors) and production outcomes (such as
fewer errors), and main strategic goals (release new
product on a regular basis). These concepts may not
have been directly apparent even to the interviewee
until they are drawn, visualized and linked.
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The analysis also revealed 37 loops in the concept
map. Loops are especially interesting as they show
examples of actions that reinforce other actions in
either positive or negative ways (damping). Figure 3
shows a smaller map with loops showing various
ways to reduce worker pain and fatigue. In this fig-
ure, for example, “improved psychosocial factors”
leads to “increased variety with workstation level
changes”, which in turn leads to “reduced worker
pain and fatigue”. The loop continues as “reduced
worker pain and fatigue” leads to “improved psy-
chosocial factors”. Therefore, improvement in any
one of these three factors will lead to subsequent
impacts on the other factors, forming a possible
'virtuous' feedback loop.

4. Discussion and Applications

A cognitive map can be described as an explora-
tory route map of a person’s knowledge and under-
standing of a topic at a given time [8]. Similar tech-
niques have been used for many years in the educa-
tional sciences to explore students’ understanding in
science, engineering, nursing, teaching, business,
enterprise and the arts. Hay and colleagues [7] sug-
gest that mapping students’ prior knowledge gives
teachers an idea of where to start with planning
learning content. It also reveals any misconceptions
in the map. There is some suggestion that the higher
the number of concepts and more linkages, the more
“expert” the knowledge of the participant in a given
topic. Therefore a comparison of maps at two points
in time can reveal “learning”.
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Similarly cognitive mapping, therefore, could be
a useful technique to explore the knowledge and
understanding of human factors among senior man-
agers, and likewise reveal any misconceptions or
gaps. Mapping the HF knowledge of different man-
agers may provide a useful benchmark for planning
HF initiatives or programs. There is also potential to
perform the mapping exercise pre-and-post HF initi-
atives or programs to evaluate “learning” on the part
of senior managers.

The one-hour interview conducted in this case
study resulted in 71 concepts pertaining to HFs. This
is consistent with reports in the literature suggesting
30-120 concepts can be mapped from a one-hour
interview [6]. As a method of condensing qualitative
data, the mapping exercise can be a very time-
effective way for HF practitioners to learn about the
organizational priorities and strategic goals in a
company and to compare these perceptions between
different managers.

Outside of the educational field, cognitive maps
have been used in business and organizations and in
qualitative research to effectively reduce qualitative
data to a more manageable level, to analyze themes
and interconnections, and to present findings [3].
This single case study confirmed the experience
reported by others that the mapping process stimu-
lates deeper responses from participants compared
with traditional interviews, and allows them to cor-
rect misunderstandings and make links that may
otherwise not be apparent. The visual nature of
mapping allows for evidence checking and can more

Fig. 3. Part of a cognitive map showing one of the many reinforcing loops between concepts
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fully lead to saturation on a topic than other methods.

The visual nature may also lead to enhancing or
expanding the conceptual framework by raising oth-
er questions and opening up the enquiry. It has been
suggested that emergent themes can arise [3]. It is
anticipated that cognitive mapping could help senior
managers make the connections between HF and
their strategic goals that otherwise may not have
been immediately apparent to them. This should
theoretically lead to increased management support
for HF in the organization.

Cognitive and concept mapping are also being
recognized in the management literature, both in
strategic management and in operational research
[11]. Mapping has been used with individuals and
with groups to investigate business decline, rationale
for joint ventures and management perceptions of
competitive positioning, as well as in group model
building for dynamic decision-making [11]. Map-
ping has also been used to measure team mental
models to facilitate teamwork for a task [12]. Lee et
al [10] suggests that organizational learning can be
facilitated by group map making. As group mem-
bers share their concept maps, they see their con-
cepts in relation to each others, thereby producing
learning. If a “group” map were created by senior
managers linking HF to strategic goals, it is antic-
ipated that the map-making process would facilitate
their learning about HFs from one another.

Finally, cognitive mapping appears to be useful
for solving problems and indicating alternative ac-
tions [13]. The map produced in this case study
showed numerous opportunities for increasing the
application of HF that by various routes would also
result in improved performance and help an organi-
zation achieve its strategic goals.

We are currently exploring the use of this tech-
nique with key stakeholders to learn about the or-
ganizations’ strategic goals, enhance the role of HF
within the organization, and identify initiatives that
support the role of HF. An industry based case study
trial is in progress to further examine the utility of
this tool to help a managerial team capture the stra-
tegic benefits of applying HF in their operations.

5. Conclusions

Cognitive mapping, a technique that has been
successfully used in management and operational

research literature, may be useful to human factors
practitioners. It can be used with senior managers to
explore the link between human factors and strategic
goals of the organization or with a group of manag-
ers to determine the most effective actions to sup-
port HF in line with strategic goals. The sample
trial reported here showed numerous human factors
actions that would support strategic goals. An indus-
try trial is underway to further evaluate this tech-
nique.
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