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Abstract

In an era characterised by a volatile economy, intense competition, and rising energy and material costs,
improving operational efficiency has become a necessity for margin purposes and long-term business
success. This research study attempts to develop a model for process operations variability reduction that
integrates the fundamental drivers, the intermediate measures and the four traditional competitive capabilities:
quality, cost, delivery reliability and speed of delivery. In addition, it highlights the precise mechanisms in
plants that lead to multiple competitive capabilities development. The concept of a routine-based approach to
capabilities development provides a nexus between the earlier actions by the organisation and competitive
advantage. Using longitudinal data from the Manufacturing Circle of South Africa, a statistical analysis was
conducted to support the model, and path analysis models were developed which confirmed that the
performance frontier is really a surface that spans many different dimensions. It is observed that the model
clearly outlines pathways to process operations variability reduction through better execution of the routines
concerned with maintaining the performance by current processes, improving existing processes, and
transforming or changing to new processes.
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1 Introduction

Today’s process manufacturers are faced with a volatile economy, intense competition and rising
energy and material costs. Improving operational efficiency has become a necessity for margin
purposes and long-term business success (Bates, Kimberley, Flynn & Flynn, 2009; Chang & Park,
2012). Several analysts’ reports and surveys in recent times have identified operational costs
reduction, process operations variability reduction, and competition from low-cost sources as the
top three key pressures for process manufacturers (Fonzi & Shah, 2008; Chen & Miller, 2012).

With the critical need to reduce costs, process manufacturers could turn to operations to address
the additional significant pressure, which is the need to reduce the variability of process operations.
The business environment confronts operations managers with changing operating conditions and
complex internal challenges that cause variations throughout the operational chain (Bozarth,
Warsing, Flynn & Flynn, 2009). Such process operations variability, regardless whether they result
from the organisational strategy, predictable suppliers or customers’ behaviour, or from
unforeseeable events that are beyond immediate control, negatively affect the performance
capabilities of firms in aspects such as quality, cost efficiency, speed of delivery and delivery
reliability (Hopp & Spearman, 2001).

Klassen and Menor (2007) studied trade-offs between inventory, manufacturing firm capacity,
and operations variability, and suggested that further study where integrative conceptual models,
such as competitive capability models, could be better informed by using a different approach to
process operations’ variability. However, researchers who developed capability models have
conducted a relatively limited number of studies on the mechanisms of performance factors. Much
of the existing work in this field used cross-sectional data and focused on the interactions between
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the competitive capabilities (Mapes, Szwejczevski & New, 2000; Sarmiento, Sarkis & Byrne, 2008).
Other researchers have focused on performance drivers at the manufacturing firm level. The current
research study attempts to correct this deficiency.

Mapes et al. (2000) in their study of “Process variability and its effect on plant performance”,
developed the mechanisms between performance drivers and performance capabilities, using cross-
sectional data. The purpose of this study is, therefore, to examine the fundamentals drivers and the
performance capabilities, as well as the mechanisms within manufacturing firms that would lead to
multiple competitive capabilities using longitudinal data. This was in order to develop a model for
process operations variability reduction so that recommendations may be made to management to
ensure improvement in operational efficiency. This was done by using the longitudinal data of 54
manufacturing firms in South Africa. The validity of this model was tested statistically.

2 Literature review

2.1 Background

The concept of capabilities in operations management refers to a business unit’s anticipated or
realised competitive performance or operational strengths (Boyer & Lewis, 2002; Flynn & Flynn,
(2004) and are therefore evaluated using operational performance, which often takes account of
quality, cost, delivery reliability, speed of delivery, and flexibility, as discussed by Tsang, Dultra-
de-Lima, Csillag and Oyodomani (2015). Swink and Hegarty (1998) point out that the concept of
capabilities in operations management which has a performance-based approach is conceptually too
aggregated to visibly provide clear direction for the proper use of manufacturing resources.

One of the most fundamental areas for operations managers wishing to improve performance is
an in-depth understanding of the interactions that exist between different measures of operational
performance. There has been an ongoing debate on the relationship among competitive capabilities.
This debate has been evolving amid three schools of thought: trade-off, cumulative capabilities and
rigid flexibility models. The findings on the critical evaluation of competitive capability models are
summarised in Table 1.

Table 1
Summary on critical evaluation of competitive capability models
Competitive
capability Academics Strengths Weakness
models

Static model embedded in classical

Skinner (1969, 1974, 2007);
Mapes & New (2002);
Klassen & Menor (2007);

Trade-offs models focus on
analysing manufacturing
performance at the marketplace and

economic theory. Improving operational
performance on one dimension could
only be accomplished by trading this off

;rgg;—soﬁs Sprague (2007); industry level in order to prioritise against reduction performance on one or
Sarmiento & Shukla (2011); | strategic objectives and allocate more other dimensions. The model does
Krause, Youndahl & accordingly resources to develop not focus on manufacturing firm internal
Ramaswarmy (2014) required competitive capability. improvements over time. Trading off
capabilities lead to increase variability.
Ferdows & De Meyer
(1990) ; Avella et al. (2009); The model is manufacturing-driven and
Cumulative Wang & Masini (2011); Sequential and cumulative internal inward-looking instead of market-driven
o Schroeder, Shah & improvements enable manufacturing | and outward-looking. The sequence of
capabilities ) . ) : : e Pt
models Xiaosong Peng (2011); firms to override production trade- capability bU|Id|pg is not market-
Ferdows & Thurnheer offs dependent and is exclusively pre-set as
(2011); Bortolotti et al. suggested by the model.
(2015)
This model focuses on embedding
Collins & Schmenner dis(;:ipline End simﬁl-ic[iwt)éin processes
Rigid (1993); Collins, Gordon & and procedures which become a The model does not specify or provide a
. . . P source of competitive advantage. -
flexibility Julien (1998); Da Silveira The order and priorities of roadmap that leads to the goal of rigid-
models (2006); Sarmiento et al. p flexibility

(2008); Fazli (2012)

competitive capabilities building is
market-driven which result in
improve responsiveness
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The main schools of thought on the competitive capabilities models described above provide a range
of contending views on how manufacturing firms can accomplish improved performance that results
in the development of competitive advantage. However, the traditional competitive advantage
approaches are oriented to competitive capability sequential and/or interactional development.

The tidal wave analogy presented by Corbett and Van Wassenhove (1991) suggests that there is
a dynamic hierarchy in the traditional competitive priorities and necessities, beyond which human
resources are the only source of competitive advantage. Schroeder et al. (2011) tested the actual
sequence of the sand-cone theory, and suggested a contingency theory, as they did not find universal
support. Flynn and Flynn (2004), using cross sectional data, found that there is environmental
contingency in the pattern of cumulative competitive capabilities, which is closely associated with
country and industry differences. Da Silveira and Slack (2001) assess the managers’ perceptions of
the existence and importance of trade-offs. They point out that trade-off is an easily understood
theory which describes the operating compromises usually made by operations managers. They
conclude that the implication of specific trade-offs within any process operations is expected to be
governed by two factors, which are the importance and the sensitivity of the trade-off.

Deriving useful principles of operations management that are managerially practicable remains a
challenge, because operations managers are confronted with a complex set of operational issues and
challenges that dictate trade-offs (Klassen & Menor, 2007); internal and external sources of process
operations variability related to these operational matters further complicate the operations
manager’s mandate. While Da Silveira and Slack’s (2001) study reveals the perceptions and practice
of operations managers regarding trade-off, it also highlights their attitudes to process operations
variability reduction. Trading-off competitive capabilities will result only in an increase in
operations variability; in turn, this will decrease manufacturing firms’ performance efficiency.

Schmenner and Swink (1998) propose a concept that takes account of both the trade-offs and the
cumulative competitive capabilities laws: the performance frontier (Stevenson & Hojati, 2007; Cai
& Yang, 2014). Performance frontiers are created depending on the choices in manufacturing firm
design and investment (asset frontier), and the choices in process operations (operating frontier).
The manufacturing firm’s performance is bounded subsequently by the operating frontier and its
asset frontier. Similarly, it could be argued that the competitive capabilities, such as delivery
reliability, the speed of delivery, cost, and quality, are immediately bounded by the operating
frontier, and are subject to process operations variability. Moreover, in line with operations
variability, it could be argued that the dimensions of the business environment, such as munificence,
which describes the level of resources scarcity, and dynamism, which refers to unpredictable
changes in the business environment, affect the operating frontiers (Bourgeois, 1980; Ward et al.,
1995; Cai & Yang, 2014).

2.2 Performance drivers’ mechanisms

Many researchers report that a shorter throughput time is the most critical driver, being closely
associated with with high-quality consistency, productivity, speed of delivery and delivery
reliability. Schmenner and Swink (1988) maintain that, although a short throughput time does not
improve productivity by itself, it creates a synergy of complementary actions and tactics within the
manufacturing firm, which results in productivity improvement. Cambitsis (2012) concurs by
considering downtimes that occur as consequences of the downstream and upstream starvation and
choking effects of each activity. According to Plossl (1991), all the benefits are directly in proportion
to the speed of flow of materials and information within the process operations. Mapes et al. (2000)
mention that low throughput times and high stock turns are intermediate measures. However, they
are a major source of competitive capability; they are themselves the outcome of earlier actions by
the organisation (Hall, 1987; Ohno, 1988).
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It could be argued that process operations variability should be reduced depending on the earlier
actions by the organisation. These earlier actions will result in low inventory and shorter throughput
times in the high-performing manufacturing firms. This will, in turn, result in a fast speed of
delivery, high delivery reliability, greater quality consistency and high productivity.

Based on the above, it could be argued that the fundamental drivers that lead to concurrent
improvements in cost, speed of delivery, delivery reliability and quality consistency are all aspects
of the reduction of process operations variability and uncertainty within the operational system. The
fundamental drivers of any improvement are core skills or competencies, which lead to an increased
adherence to schedule, the increased reliability of supplier deliveries, reduced process output
variability, and reduced process time variability (Porter, 1980; Hayes & Wheelwright, 1984; Collins
& Schmenner, 2005).

2.2.1 Increased adherence to schedule

The less uncertainty there is regarding future customer prospects, availability of materials and
machineries processing times in the production line, the easier it is for manufacturing firms to follow
the predetermined schedule. Uncertainty about future demand prospects and a rolling horizon trigger
volatility. Glock et al. (2014) claim that volatility leads to nervousness in the process operations
through the cancellation of existing setups, the introduction of new setups, and alteration of the
production volumes. Kazan, Nagi and Rump, (2000) and Beck, Grosse and Tebmann (2015) argue
that the main adverse effects of unplanned changes to the manufacturing schedule are an increase in
the throughput times and the work-in-progress stocks. The outcome is higher costs, slower speed of
delivery and poor delivery reliability. Armistead and Mapes (1993) find that the key factor in high
operating efficiency and customer service is the integration of supply/customer by means of sharing
production schedules in order to reduce uncertainty and increase the degree of adherence to the
planned schedule.

Rivera-Gémez, Ghabi and Kenné. (2013) and Kazaz and Sloan (2013) argue that the adherence
to schedule can also be affected by the association of equipment reliability and quality challenges.
Since maintenance ineffectiveness results in the escalation of downtime and overtime costs, poor
quality, excessive change over time, unreliability of production machinery, as argued by Onawoga
and Akinyemi (2010); Salonen and Deleryd (2011) are convinced that maintenance management
activities should be viewed in a similar light to quality management activities and that the cost of
poor maintenance should be treated like the cost of poor quality. Farrero et al. (2002) and Prajapati,
Bechtel & Ganasan (2012) claim that the proper integration of the maintenance approaches mitigates
the risk of sub-optimality and premature equipment failure.

2.2.2 Increased reliability of supplier deliveries

Ambulkar et al. (2015) and Knemeyer et al. (2009) maintain that, in today’s turbulent and uncertain
business environment, manufacturing firms are subject to disruptive events which trigger a
disturbance in the flow of goods or services (Craighead et al., 2007). Wright (2013) states that
robustness to supply chain disruptions is considered to be a key priority in this ever-changing
business environment. Having material on hand or inventory means carrying costs composed of the
cost of capital, stores, personnel salaries, facilities, field delivery, obsolescence of inventory,
information systems, utilities, insurance, security, and so on (Wagner & Bode, 2008; Narasimhan &
Talluri, 2009).

Xinlin, Tang and Rai-Arun (2014), Vanpoucke, Vereeckeb and Wetzels (2014), and Mapes et al.
(2000) suggest that manufacturing firms should develop customer-suppliers relationships so that
suppliers could provide on-time delivery. The result of on-time delivery would be not only the
reduction of the throughput time and an increase in delivery reliability, but also a reduction in the
amount of inventory that should be held. Danesen (2013) points out that supplier integration and
fast supply network structure practices have provided significantly positive effects on the
manufacturing firms’ performance measures like efficiency, schedule compliance and flexibility.
Wonga, Sakun and Wong, (2011) emphasise that competitive capabilities, such as delivery and
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flexibility, are extremely sensitive to uncertainty from the external environment and, as a result,
could be improved by external integration. In the same way, competitive capabilities, such as quality
and cost, are more internally dependent, and could therefore be improved through internal
integration (Ragatz, Handfield & Peterson, 2002; Droge, Jayaram & Vickery, 2004; Danesen, 2013;
Euehun, Semi, Hye & Rho, 2013).

2.2.3 Reduced process time variability

Hopp and Spearman (2001) claim that process time variability derives from either controllable or
random processing time variation. The end result of processing time variation, irrespective of its
type, is that it increases the throughput time (Johnson, 2003). Mapes et al. (2000) argue that the
greater the process time variability of each production step the more complex is the task of co-
ordinating these steps. The common practice used by operations managers in dealing with process
time variability is to introduce work-in-progress buffers between the steps, diversifying the overall
system, or creating a rapidly reconfigurable or responsive system, as stated by Fonzi and Shah
(2008). The shortfall of the buffering practice is that it increases the throughput time, as the process
time variability remains unchanged. The consequential effect is an increase in cost, customer lead
times and a reduction in delivery reliability.

Koufteros, Vonderembse and Doll (1997) argue that time-based manufacturing comprises
organizational level practices that compel shop-floor worker participation in problem-solving in
order to reduce throughput time. Other researchers point out that employee involvement drives
improvement efforts (Krishnamoorthi, 2006; Heizer & Render, 2008; Stephen, Rungtsusanatham,
Zhao and Lee (2015). Improved workforce problem-solving skills facilitate the re-engineering of
setups and the establishment of culture of quality conformance improvement (Su et al., 2014) and
the implementation of effective preventive maintenance strategy as discussed by Sharma and
Yadava (2011), Salonen and Bengtsson (2011) and Prajapati et al. (2012). Hafner (1991) and Wua-
Kan and McGinnis (2012) conclude that the reduction of the standard deviation of the processing
and inter-arrival times has a similar effect on throughput times, which results in an increase in
manufacturing capacity.

2.2.4 Reduced process output variability

Mapes et al. (2000) state that, the lower the variability in the output at each manufacturing step, the
higher the percentage of adherence to quality conformance, and the lower the reject rate. The overall
effect is an improvement in throughput rates, cost and delivery reliability. Researchers have studied
the relationship between several quality practices and quality performance. Their results show that
quality practices, such as leadership, support, workforce involvement, process management, and
cross-functional product development, have a beneficial outcome on quality performance (Flynn,
Schroeder & Flynn, 1999; Dow, Samson & Ford, 1999; Ward & Duray, 2000; Su et al., 2014).
Zhang, Linderman and Schroeder (2012), and D’ Aveni, Dagnino and Smith (2010) argue that two
general forms of learning processes are frequently debated in line with quality management: First-
order and second-order learning. First-order learning consists of augmenting existing know-how in
order to be able to proactively detect and correct quality defects. It is described as refinement,
effectiveness, improvement and exploitation. In contrast, second-order learning implies search,
experimentation, innovation and exploration. Total quality control relates to first-order learning,
whereas total quality learning relates to second-order learning. Employee involvement and improved
workforce problem-solving skills enable the establishment of a culture of quality conformance
improvement (Deming, 1982). It can be argued that the quest for process operations variability is
directly related to first-order and second-order learning, which trigger a reduction in process output
variability.

2.2.5 Linking routines to capabilities in operations management

The common pointer to the achievement of the key performance drivers is the core skills or
competencies, which are intangible resources. Mascarenhas, Baveja and Jami (1998) and
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Arrighettia, Landinib and Lasagnia (2014) maintain that core competencies include technical subject
matter know-how, reliable process operations, supplier/customer integration, product development
or culture, employee dedication, and best Human Resource Management. Hayes and Wheelwright
(1984) and Clark (1996) argue that higher performance is eventually established depending on the
people in an organisation (Lin & Wu, 2013; Kumlu-Omer, 2014). The correct management
principles, organisational systems and structures, and procedures are important (Persaud, 2005).
However, the capabilities that generate competitive advantage derive from people: their skills,
discipline, motivation, ability to resolve problems and their capacity for learning.

The impact of routines for developing process operations-based competitive advantage has been
highlighted in the discipline of operations management. Winter (2003) and Rerup and Feldman
(2011) indicate that routines are generally described as regular and predictable patterns of
behaviours, or, more specifically, the way work is done. Xiaosong-Peng, Schroeder and Rachna
(2008) state that routines and performance capabilities are embedded in the synergy of multiple
knowledge sources and are more firm-specific and less transferable, thus leading to competitive
advantage. Clark (1996) notes that ,in several cases, competitive advantage in process operations is
developed through better execution of similar routines. Grant (1991) observes that the repertoire of
routines provides a means for manufacturing firms to implement their value-creation strategy, and,
as a result, is critical to performance capability improvement.

Competitive capabilities are defined in operations management as bundles of interrelated, yet
distinct routines (Prahalad & Hamel, 1990; Stalk, Evans & Shulman, 1992; Hult, Snow & Kandemir,
2003; Xiaosong et al., 2008). This routine-based approach to capabilities allows the untangling of
capabilities into specific and identifiable routines, and thus accurately generates probable pathways to
capability development (Foss, Heimeriks, Winter & Zollo, 2012). A number of operations
management researchers claim that, while competitive capabilities at the manufacturing firm level are
defined as cost, quality, delivery reliability, and speed of delivery, operations-level capabilities should
refer to routines (Ghosh, 2001; Schroeder et al., 2002). Capabilities building is linked mainly to the
influence on organisational routines at the individual, organisational and network levels, which include
customer/supplier integration and competitors (Capaldo, 2007; Newey & Zahra, 2009; Lisboa,
Skarmeas & Lages, 2011; Capaldo & Messeni, 2011).

Stephen et al. (2015) point out that process management consists of three dimensions, which are
process control, incremental process improvement and radical process improvement. Process control
is an organisational capability established in bundles of routines and practices that aim to exploit
existing processes by stabilising process performance to meet the required specifications, as
discussed by Howard-Grenville and Parmigiani (2011). Incremental process improvement is an
organisational capability established through a set of routines and practices aiming to exploit
existing process by enhancing their performances continuously at a gentle pace and on a small scale.
Krishnamoorthi (2006) and Heizer and Render (2008) maintain that process control prevents the
production of defective units by detecting and stopping undesirable variations, thereby creating
stable and predictable processes. According to Benner and Tushman (2002), incremental process
improvement focuses on improving existing processes by eliminating non-value-added activities
and reducing common variations. Radical process improvement is characterised by a fundamental
rethinking and redesign of processes to obtain a drastic improvement in various dimensions of
organisational performance. It consists of challenging the status quo and building new processes
with a new resource base (Peng et al., 2008; Chang Yuan-Chich, Chang, Ru, Huei & Deng, 2012;
Young, Kumar & Kumar, 2013; Lim-Chaisung, Han & Ito, 2013).

2.2.6 Foundation of the process operations variability reduction model

While the analysis in Section 2.2 of performance drivers is in no way complete, it does allow for the
identification of some general patterns. Figure 1 summarises the general patterns identified in the
analysis of manufacturing performance drivers, which then provide the basis of the model this
research study intended to develop.
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Figure 1
Foundation of the process operations variability reduction model

Core skills / competencies emphasis on improvement and betterment through routines focused on
maintaining the performance of current processes, the incremental improvement of existing processes,
and the radical transformation to new processes

Increased adherence to schedule; Increased reliability of supplier deliveries; Reduced process time
variability; Reduce process output variability

Greater adherence to schedule; lower process time variability; more frequent deliveries by suppliers;
more reliable deliveries by suppliers; lower scrap rates; lower stock levels and
lower throughput times

Quality - Dependability - Speed - Cost

Process operations variability reduction theory matters because it not only reflects the practice of
the industry, but also helps to constitute the practice. One of the ways in which it does this is by
favouring the practices of continuous improvement and betterment. In line with the above. the
researcher takes the view that process operations variability reduction is influenced by social
systems made up of people, their aspirations, know-how or expertise, work practices, frustrations,
and egos.

3 The proposed model

A model for process operations variability reduction, which is the ultimate goal of this research
study, must address the core problems that have continually led to operations variability in most
South African manufacturing firms. It has been said that the conceptual model for process operations
variability reduction to be developed must be a generic process operations model that can be used
by various process operations. The reason for this is that the model should be driven by the
requirements of the manufacturing firms, which are determined first by the requirements of the
South African business environment’. In other words, to what extent are the competitive capabilities
of South African manufacturing firms able to meet the demands of the business environment?

The research has identified three classes of performance drivers/factors that influence and
contribute to the development of the process operations variability reduction model. The first two
classes of factors together affect the competitive capabilities. In other words, by considering these
three classes of performance drivers/factors in the design and implementation of process operations
variability reduction, it can be expected to consistently reduce operations variability and
continuously improve performance capabilities. The three classes of factors are: fundamentals
drivers, intermediate measures and competitive capabilities.

The two categories of beneficial movement within the performance space are improvement and
betterment, as discussed by Schmenner and Swink (1998), and Cai and Yang (2014). Improvement
takes a firm to its operating frontier. By contrast, betterment alters manufacturing operating policies
in ways that move the operating frontier forward to the asset frontier. The fundamental drivers of
improvement or betterment are the core skills or competencies that lead to more adherence to
schedule, increased reliability of supplier deliveries, reduced process output variability, and reduced
process time variability (Porter, 1980; Hayes & Wheelwright, 1984; Collins & Schmenner, 2005).
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These earlier actions by the organisation, which derive from skills or competencies, are expected to
relate to the establishment of operating systems that are considerably more stable and reliable.

Within the operations of manufacturing firms, all the benefits are in direct proportion to the speed
of flow of materials and information - which implies that short throughput times and high stock turns
are intermediate measures (Plossl, 1991). Faster throughput times and lower stock levels lead to
improvements in the external performance, but they derive from earlier actions by the organisation,
which are embedded in the core skills or competencies (Carmeli, 2004; Smith, 2008; Lin & Wu,
2013; Kumlu-Omer, 2014). A manufacturing system operations variability is buffered by the
integration of inventory, capacity and time. The intermediate measures highlight any buffering
tendency.

Process operations variability will therefore be reduced, depending on the earlier actions by the
organisation, which will lead to low inventory and faster throughput times in the high-performing
manufacturing firms (Mapes et al., 2000). This subsequently leads to a faster speed of delivery, more
reliable delivery, higher quality consistency and lower costs. In other words, the fundamental drivers
that lead to concurrent improvements in cost, speed of delivery, delivery reliability and quality
consistency are all aspects of reduced process operations variability and uncertainty in the operating
system.

The requirements of the conceptual model discussed above provide a framework for the
conceptual model and reflect a particular set of performance factors that, in combination, will
achieve the stated objectives of operations variability reduction in the manufacturing firms.

The proposed process operations variability reduction model shown in Figure 2 provides an
appropriate description of a model for building multiple competitive capabilities through process
operations variability reduction. This model not only provides increased visibility for performance
factors, but also untangles the complex relationship between performance factors. As stated earlier,
there are three classes of factors of importance in examining the model:

* Fundamentals drivers.

* Intermediate measures.

* Competitive capabilities.

The key factors are to consider the input elements of each imperative that makes up the operations
variability reduction. The input elements depicted in Figure 2 should always be appropriate to the
specific imperative requirements in question - in terms of process operations variability reduction.
The model for process operations variability reduction integrates fundamentals drivers’ imperatives,
intermediate measures imperatives and competitive capabilities imperatives. The theoretical
cooperation proposition leads to the development of the process operations variability reduction
model shown in Figure 2.

Figure 2
Process operations variability reduction model
Core Skills / Competencies

Delivery reliability |

Faster throughput times
Speed of delivery |
Core skills /

competencies
p \bl Lower stock levels

Higher productivity |

Quality consistency |
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The proposed model suggests that an improvement in core skills / competencies will result in an
improvement in throughput, inventory, and quality. Subsequently, faster throughput times and lower
stock levels will result in an improvement in delivery reliability, productivity and the speed of
delivery. The feedback loop provides an opportunity for the critical review of a manufacturing firm’s
performance, particularly by exploring continual improvement as bundles of routines which enable
an organisation to improve its capabilities.

4 Research methodology

The empirical statistical support will be conducted using the Manufacturing Circle Survey, which is
compiled by Pan-African Investment and Research Services in the best interests of the
Manufacturing Circle. The quarterly survey aims to capture economic and business conditions in
the South African manufacturing industry.

The Manufacturing Circle database includes 54 different manufacturing firms drawn from
different industrial categories. They vary from small to large South African manufacturing firms.
The empirical data used to assess the relationship of each pair of performance measures were
collected from the Manufacturing Circle quarterly survey for the past four years (2010 to 2014). The
respondents represent different industries which cover all the manufacturing sectors.

The research study will use the quarterly data for the past four years, as it is intentionally a
longitudinal study. Longitudinal studies observe individual over a period of time in order to study the
relationship between variables to determine the cause and effect relationship and assess the observable
antecedents and precedents. Longitudinal data present information on what happened to fundamentals
drivers, intermediate measures, and competitive capability during a series of time periods.

In order to explore the relationship between core skills or competencies, throughput, stock levels,
delivery reliability, speed of delivery, productivity and quality consistency, the 2010 to 2014
quarterly survey database of the Manufacturing Circle was used. The actual performance measures
used were: status of skills availability in the industry, throughput or level/volume of general business
output (non-monetary measures), inventory or level/volume of overall purchased stock of materials
and goods used in the normal business or activities (non-monetary measures), supplier delivery or
overall delivery performance versus that of the previous month of suppliers of materials, goods and
services purchased, speed of delivery or the difference between new sales orders and the backlog of
sales orders, and the level of labour productivity over the quarter. Unfortunately the database has no
measures relating to quality. Quality will be discussed, according to previous research findings. The
measurements of manufacturing firms’ performance took place multiple times. A total of seventeen
observations are used in the empirical analyses. Path analysis is used to provide support for the
proposed model (Akintunde, 2012).

5 Analysis of the results

The results of the statistical analysis are summarised in Table 2. The Cronbach’s alpha was computed
and provided a result of 0.87, which indicates a good reliability or internal consistency of the test. The
results show that nearly all of the pairs of performance measure have correlation coefficients or
strength of a relationship between variables of 30 per cent or better; and which are significant at the
0.05 level or better. Each pair of variables shows a statistically significant correlation. The extent to
which these results support the proposed conceptual model is discussed below.

5.1 Fundamentals drivers — intermediate measures

Substantial statistical support was provided for the relationship between the fundamental drivers and
the intermediate measures. The statistical correlation coefficient is 78.8 per cent and is significant
at the 0.0000001 level for the relationship between skills and throughput. The correlation coefficient
between skills and inventory is 30.8 per cent and is significant at the 0.011733 level. Core
skills/competencies are required to achieve faster throughput times and lower stock levels.
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Table 2
Results of statistical analysis — Correlations, means and standard deviations
Sl 0 Through- Speed of  Delivery Standard
compeput Inventory | Productivity | "y iivery | reliability QU2IY | Mean | 4 viation
encies
. Correlation 1
Skills/ (%) 78.8 30.8 293 1.0 -12.9 242 46
competencies ! .
Significance 0.0000001 | 0.011733 0.015838 0.4713 0.1771
Correlation
Throughput (%) 1 48.7 66.4 68.9 -46.8 50.9 4.0
Significance 0.00009392| 0.0000001 | 0.0000001 | 0.000168
Correlation
Inventory (%) 1 -35.2 50.5 417 53.9 26
Significance 0.0047375 |0.00004899 |0.0008454
Correlation
Productivity (%) 1 274 1.31 52.6 36
Significance 0.022319 | 0.46234
Correlation
Spt_eed of (%) 1 -35.03 12.6 52
delivery — i .
Significance 0.004697
i Correlation
Delivery (%) 1 52.4 2.0
reliability —
Significance
Correlation 1
Quality (%)
Significance

While the correlation between skills/competencies and inventory is statistically significant, the level
of significance is lower than for the other pairs of variables. This is rather surprising and requires
further investigation. However, it could be argued that a different set of skills is required to improve
throughput times and lower stock levels. Figure 3 shows the status of skills availability in the
manufacturing industry. The scarcity of skills remains a stumbling block for the manufacturing
industry to the extent that 76.8 per cent of the respondents believed that skills availability in the
manufacturing industry was either poor or less than adequate. It is worth mentioning that some
manufacturing firms introduced internal training programmes to address the matter of skills scarcity.
The relatively low correlation coefficient between skills/competencies and inventory indicates that
manufacturing firms operate with high levels of inventory to protect themselves from uncertainty
from the external/internal environment. This corroborates to the findings that show that supplier
reliability decreases as throughput increases.

Figure 3
Skills profile in the manufacturing industry over the last four years (2010 — 2014)
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Figure 4 shows the profile of adequate skills over the last four years (2010 — 2014). R-squared is
34.81 per cent, which indicates that the regression line explains a small but reliable percentage of
the variability of the response data around its mean. The linear regression line depicts a relatively
weak uphill trend, suggesting that there are some skills improvements.

Figure 4
Profile of adequate skills over the last four years
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The proposed model showed that specific routine tasks should be integrated into the quest for
improvement and betterment; which will lead to increased adherence to the schedule, increased
reliability of supplier deliveries, reduced process output variability, and reduced process time
variability. These routine tasks, which mean improvement and betterment, are an integral part of
core skills or competencies, which are the cornerstone for the quest for process operations variability
reduction.

First, in order to maintain their current performance, organisational capability established in
bundle of routines and practices is required to exploit existing processes by stabilising process
performance to meet required specifications. This will lead to the prevention of the manufacture of
defective units by detecting and stopping undesirable variations, creating stable and predictable
processes. It will also minimise any uncertainty caused by the external environment by integrating
externally to maintain strategic partnerships, information-sharing and joint collaboration between
customer and supplier.

Secondly, in order to incrementally improve organisations’ current performance, organisational
capability established through a set of routines and practices is required to exploit the existing
process by continually enhancing their performance at a gentle pace and on a small scale. This would
eliminate non-value added activities, reduce common variations through refining existing products,
process technologies and operational practices on one hand; and enhance the aptitude of
manufacturing firms to find best partners, initiate and develop relationships, and design governance
policy for effective cooperation on the other hand.

Thirdly, in order to fundamentally rethink and redesign the processes, organisational capability
established through a set of routines and practices is required to challenge the status quo and build new
processes with a new resource base. This means obtaining drastic improvements in various dimensions
of organisational performance. In order to achieve this, manufacturing firms will have to become
involved in cooperative relationships with numerous external partners, including customers, suppliers,
academic research and development institutions to integrate their value co-creation processes.

5.2 Intermediate measures — competitive capabilities

Statistical analysis provided substantial support for the relationship between throughput and delivery
reliability, throughput and the speed of delivery, and throughput and productivity.
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The relationship between throughput and supplier delivery reliability had a correlation coefficient
of - 46.8 per cent, significant at the 0.000168 level. Throughput and supplier delivery reliability had
a negative correlation coefficient, which indicates that supplier delivery reliability decreases as
throughput increases. This implies that an increase in throughput triggers a supply chain disruption
event which results in a disturbance of the flow of goods or services. Robustness to supply chain
disruptions can be attained through customer/supplier integration and fast supply network structure
practices. The outcome of customer/supplier integration is an in-depth understanding of market
outlooks and opportunities, enabling on-time delivery to customer requests by matching supply with
demand.

The relationship between throughput and the speed of delivery had a correlation coefficient of
68.9 per cent, significant at the 0.0000001 level. The results show that as throughput increases so
does the speed. The speed of delivery is the dimension of flexibility which can enhance the capability
of coping with volume fluctuations. Externally, the speed of delivery provides the advantage of
being able to respond swiftly to customer orders. The internal effects of the speed of delivery are
related more to the manufacturing cost reduction.

The relationship between throughput and productivity had a correlation coefficient of 66.4 per
cent, significant at the 0.0000001 level. The results show that productivity increases with an increase
in throughput. The model confirmed the findings of many researchers who report that faster
throughput time is the most critical driver, which is closely associated with the high speed of
delivery, productivity and delivery reliability.

The relationship between inventory and productivity had a correlation coefficient of —35.2 per
cent, significant at the 0.0047375 level. The results show that, as inventory increases, productivity
trends down. High inventory means carrying costs. Researchers have indicated that some
manufacturing firms have a carrying cost as high as 61 per cent, and the costs of defective material
are generally up to 30 per cent. It could be argued that manufacturing firms are required to adopt
customer/suppliers integration and fast network structure practices to enhance on-time delivery and
minimise inventory.

The uncertainty of future demand or supply prospects triggers volatility, which leads to the
cancellation of existing setups, the introduction of new setups, the alteration of the production
volumes, and an increase in inventory. This will result in an increase in the throughput times and
work-in-progress stocks. The outcome is higher costs, a slower speed of delivery and poor delivery
reliability. The less uncertainty there is regarding future customer demands, the availability of
materials, and machineries processing reliability, the easier it is for manufacturing firms to follow a
predetermined schedule.

The Manufacturing Circle database does not include parameters that can be related to quality.
However, other researchers have suggested that skills improvement translates into an improvement
in quality. Su et al. (2014) argue that, to sustain quality, manufacturing firms should focus first on
meta-learning, which continually increases an organisation’s ability to learn. Second, there should
be a focus on sensing weak signals, which gives organisations the ability to detect subtle changes
that could disrupt their quality performance. Third, there should be a resilience related to quality
disruptions, which would help organisations to adapt quickly and recover from disruptions when
they occur.

5.3 Path analysis

The correlation between the competitive capabilities will remain unanalysed, because we have
chosen not to identify one variable as the cause of the other variable. Any correlation between these
variables may actually be casual (one competitive capability causing another and/or inversely)
and/or may be owing to (both competitive capabilities) sharing common causes. Similarly, the
feedback loop will remain unanalysed, as it provides an opportunity for critical review of a
manufacturing firm’s performance by exploring continual improvement as bundle of routines to
enable development of multiple competitive capabilities.
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5.3.1 Skills — throughput — delivery reliability

The results of the regression analysis of skills — throughput — delivery reliability are presented in
Table 3. R-square with all three variables is equal to 0.642 and the adjusted R-square is 0.577. The
path analysis model showed some interesting results in terms of model fit: Chi-square is equal to
0.000, df is equal to 0, F is equal to 9.882567 and P-value is equal to 0.003494. As in the regression
analysis, significant parameter estimates were observed: skills (P-value is equal to 0.007044) and
throughput (P-value is equal to 0.001092).

Table 3
Parameter estimates — Path analysis (Skills — throughput — delivery reliability)
Coefficients Standard error t Stat P-value Lower 95% Upper 95%
Intercept 0.108108
Skills 1.441012 0.436308 3.302736 0.007044 0.480703 2.40132
Throughput -1.63475 0.37289 -4.384 0.001092 -2.45548 -0.81403

5.3.2 Skills — throughput — speed of delivery

The results of the regression analysis of skills — throughput — speed of delivery are presented in
Table 4. R-square, with all three variables, is equal to 0.654 and the adjusted R-square is 0.591. The
path analysis model showed some interesting results in terms of model fit: Chi-square is equal to
0.000, df is equal to 0, F is equal to 10.42212 and P-value is equal to 0.002891. As in the regression
analysis, significant parameter estimates were observed: skills (P-value is equal to 0.032983) and
throughput (P-value is equal to 0.001677).

Table 4
Parameter estimates — Path analysis (Skills — throughput — speed of delivery)
Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept -0.36452
Skills -0.83372 0.342074 -2.43725 0.032983 -1.58662 -0.08082
Throughput 1.206952 0.292353 4.128406 0.001677 0.563487 1.850417

5.3.3 Skills — throughput — inventory — productivity

The results of the regression analysis of skills — throughput — inventory — productivity are presented
in Table 5. R-square, with all four variables, is equal to 0.777 and the adjusted R-square is 0.710.
The path analysis model showed some interesting results in terms of model fit: Chi-square is equal
to 0.000, df is equal to 0, F is equal to 11.63602 and P-value is equal to 0.001337. As in the regression
analysis, significant parameter estimates were observed: skills (P-value is equal 0.00181),
throughput (P-value is equal to 0.000822) and inventory (P-value is equal to 0.001272).

Table 5
Parameter estimates — Path analysis (Skills — throughput — Inventory — productivity)
Coefficients Standard Error t Stat P-value Lower 95% Upper 95%
Intercept -1.3699
Skills -3.73074 0.886911 -4.20644 0.00181 -5.7069 -1.75457
Throughput 3.955029 0.838718 4.715561 0.00082 2.086247 5.82381
Inventory -1.16219 0.26228 -4.4311 0.00127 -1.74658 -0.57779

Path analysis models showed that improvement in core skills/competencies will result in
an improvement in throughput and inventory. Subsequently, faster throughput times and lower
stock levels will result in an improvement in delivery reliability, productivity, and the speed of
delivery.
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6 Conclusion

A model has been developed which attempts to provide mechanisms for process operations
variability reduction which link the different operational performance measures at the
manufacturing firm level. Analysis of the Manufacturing Circle survey database provides a fair
degree of support for this proposed conceptual model. Statistical analysis shows that all the pairs of
performance measure, according to the proposed model, have significant correlations with each
other.

Path analysis models not only untangle the incomprehensible and complex relationships between
the performance factors, but also show that process operations variability reduction is a function of
earlier actions (derived from core skills/competencies) by the organisation that will have a positive
impact on delivery reliability, the speed of delivery, cost, and quality. This model clearly outlines
mathematical pathways to process operations variability reduction mechanisms through better
execution of routines concerned with maintaining the performance of the current processes,
improving the existing processes, and transforming or changing to new processes in order to develop
sustainable competitive advantage.

The path analysis models confirmed that the performance frontier is really a surface that spans
many different dimensions, with each point representing different combinations of the various
performance measures. Altering the shape of the frontier in one dimension possibly also changes its
shape in other dimensions.

It should also be emphasised that the model presented here is essentially a dynamic one. It
considers relationships between different performance measures according to longitudinal data; as
performance improvement paths are time dependent.

7  Suggestions for further research

The Manufacturing Circle survey is compiled by Pan-African Investment and Research Services in
order to capture economic and business conditions in the South African manufacturing industry.
This research suggests that the survey should include the operating measure quality conformance.
This would allow trending product quality and provide informed comment enabling future research
to assess this competitive capability in the South African business environment.

The theory of performance frontier suggests that manufacturing firms that are under the operating
frontier will be subject to multiple competitive capabilities development, while the firms that are
close to or on the operating frontier will be subject to trade-off. It would be interesting to differentiate
firms that are below the operating frontier and those close to or on the operating frontier and then
statistically empirically test the proposed model.
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