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ABSTRACT

There is a need to determine the performance benefits that firms gain from enterprise
resource planning (ERP) systems, and the factors that contribute to success. Consequently,
the central research problem is:

To determine the impact of ERP systems on organisational performance by analysing
achieved ERP benefits within the framework of a suitable performance measurement
system (PMS), and to investigate the association between critical success factors (CSFs) and
ERP benefits.

A list of expected ERP benefits and CSFs is compiled. Performance measurement models are
evaluated, and one model is designed to evaluate ERP impact. ERP experts refine identified
ERP benefits and CSFs using structured interviews. These are built into a questionnaire, and
used to survey South African (SA) companies in manufacturing, mining, and power
generation.

Results indicate that business benefits are realised by companies that implement ERP
systems. By building benefits into the performance measurement model, a positive impact
on organisational performance is observed. Although a core list of CSFs is identified, and
three associations are found between CSFs and ERP benefits, further research is needed.

OPSOMMING

Daar bestaan ‘n behoefte om die voordeel wat onderneminghulpbronbeplanningstelsels aan
ondernemings bied te bepaal en die faktore wat bydra tot die sukses daarvan te ondersoek.
Die navorsingsvraag is dus:

Om die impak van onderneminghulpbronbeplanningstelsels op die organisatoriese prestasie
van ondernemings te ondersoek binne die raamwerk van ‘n gepaste prestasiebestuur-
stelsel, asook die verband tussen kritiese suksesfaktore en onderneminghulpbron-
beplanningstelsels.

‘n Lys van verwagte ondermeninghulpbronbeplanning voordele en kritiese suksesfaktore is
saamgestel. Prestasiemeetmodelle is evalueer en een model is ontwerp om
onderminghulpbronbeplanning se impak te evalueer. Hieruit word ‘n vraelys saamgestel.
Die vraelys word dan gerig aan Suid-Afrikaanse ondernemings in die vervaardiging-,
mynbou- en kragopwekkingbedryf.

Die resultate toon dat besigheidsvoordele realiseer word deur ondernemings wat
onderneminghulpbronbeplanningstelsels  implementeer. ‘n  Positiewe impak op
organisatoriese prestasie word ervaar deur voordele by die prestasiemeetmodel in te sluit.
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1 INTRODUCTION

There is a lack of available information about the impact of ERP systems, both
internationally and in South Africa. This gap in the knowledge base extends from the
benefits available to the factors responsible for these benefits being achieved.

2 PURPOSE OF THE RESEARCH

This study investigates how ERP systems affect organisational performance over time,
within selected South African firms. The primary question is:

Do ERP systems have a positive impact on organisational performance in the time periods
following implementation?

To investigate this, a link needs to be established between ERP systems and a firm’s
performance. This leads to the question:

Is there a valid and reliable PMS that links ERP performance to organisational
performance?

As the most likely influence on a firm’s performance may be through the expected ERP
benefits, the identified PMS needs to contain these benefits. Therefore, the third question
to be investigated is:

What benefits are gained from ERP systems?

By investigating these questions, the research establishes the impact of ERP systems on
organisational performance. However, without investigating the factors responsible for this
impact, the research would be incomplete. Therefore, the fourth research question is:

What CSFs are responsible for ERP benefits being achieved?
3 LITERATURE REVIEW

To explore these questions, the literature review defines an ERP system before
investigating the area expected to have the greatest impact on organisational performance:
ERP benefits. It then reviews organisational performance measurement systems and the
methods used to evaluate ERP performance. The literature review concludes with an
investigation into the CSFs responsible for ERP benefits being achieved.

3.1 Enterprise resource planning (ERP) systems

ERP systems began to evolve in the 1960s when customised software packages that focused
on inventory control were introduced to manufacturing organisations. During the 1970s, the
focus shifted to developing information systems to plan and control manufacturing. These
systems, known as material requirements planning (MRP) systems, played a role in
translating the master production schedule, built for end items, into time-phased net
requirements for the sub-assemblies, components, raw materials, and procurement [14].
The 1980s saw the evolution of MRP systems into manufacturing resource planning (MRPII)
systems. MRPII systems combined MRP outputs with routing information to determine
capacity requirements, and served as a control to ensure that MRP plans were feasible. As
information systems developed across other functional areas, the need to integrate these
systems with MRPIl became apparent. In the 1990s, the Gartner Group coined the term
‘enterprise resource planning’ to describe the next generation of MRPIl systems that
integrated manufacturing software applications with other functional areas, such as finance
and human resources, resulting in a company-wide information system [19]. An ERP system
can be defined as “a packaged business software system that enables a company to manage
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the efficient and effective use of resources (materials, human resources, finance, etc) by
providing a total, integrated solution for the organisation’s information-processing needs”
(adapted from [23]).

In the 2000s, ERP systems continue to develop, and - by incorporating technology such as
the internet - they are now being designed to aid organisations to integrate functions across
their supply chains.

3.2 Benefits of ERP systems

The need for real-time and accurate information, the standardisation of business processes,
and the integration of applications are the main drivers for ERP adoption [24, 29]. Markus
and Tanus [21] suggest that there should be a connection between reasons for ERP adoption
and expected ERP benefits. Research into these expected benefits has produced a number
of favourable findings:

Chand et al. [4] and Nah et al. [23] note the benefit of timely and accurate information,
and Chand et al. [4] and Poston and Grabski [24] discuss the resultant expected decision-
making benefits. Such benefits arise from increased integration of applications [23, 24],
and Chand et al. [4] and Shang and Seddon [26] even expect reduced IT operating costs.
Additional benefits arise from using ERP implementations as a platform for business process
re-engineering (refer to [4, 23, 24]). These benefits, together with the other benefits
proposed in the literature are shown in Table 3.1. An ‘ABC’ ranking scale indicates the level
of support for each benefit.

While some of the literature supports these ERP benefits and cites examples of successful
implementations (for example [14, 24, 29]), there are also cases where benefits have failed
to be realised (for example [3, 25]). Mixed results indicate that further research is needed,
and the reasons for certain implementations producing greater benefits than others need to
be clarified.

3.3 Organisational and ERP performance measurement

Ghalayini and Noble [11] describe how the literature about organisational performance
measurement has evolved in two main phases. The first phase describes the use of primarily
financial measures, from the late 1880s through to the 1980s. Eccles [7] describes how,
during the 1980s, many executives saw deteriorating financial results due to declines in
quality or customer satisfaction, or because of the increased pressure from global
competitors. Gomes et al. [13] write that, as a result, a number of integrated performance
measurement systems, containing both financial and non-financial measures, were
proposed. This started the second phase of performance measurement. They claim the
most cited PMSs to be the SMART system [5], the performance measurement matrix [17],
the balanced scorecard [16], and the integrated dynamic PMS [12].

While there is much literature describing the evaluation of organisation performance, the
literature of ERP performance measurement is still emerging. Similar to the first phase of
organisational performance measurement, much of the ERP literature focuses solely on the
financial impact (for example [15, 24]). However, comparable to the critics of traditional
firm measurement techniques, Sarkis and Sundarraj [25] criticise this technique for focusing
on only one set of measures. As a result, a number of more balanced ERP PMSs (focusing on
both financial and non-financial measures) have emerged. Of these proposed systems, the
ones that are assessed to be the most comprehensive are:

1. ES benefit framework [26];

2.  ERPS performance measurement model [31]; and

3. ERP scorecard [4].

In deciding which ERP measurement systems to use, the following decision criteria are
considered:
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Table 3.1: Expected ERP benefits

Source of Information

Literature
Analysis

Literature
Analysis

Literature
Analysis

Literature
Analysis

Survey

Case
Studies

Literature
& Case
Studies

Case
Studies

Case
Studies

Case
Studies

Author
Benefit

Siriginidi
(2000)

Nah et al
(2001)

Chand et
al
(2005)

Poston &
Grabski
(2001)

Spathis &
Constanti
nides
(2003)

Sarkis &
Sundarraj
(2000)

Shang &
Seddon
(2002)

Davenport
(1998)

Mandal &
Gunasek-
aran
(2003)

Gupta &
Kohli
(2004)

Rank

Improved accuracy & timeliness of
information

v

v

<

v

v

Improved information sharing

v

v

v

Improved business processes

v

v

v

Increased integration of applications

Improved decision-making

Reduced operating and admin costs

Reduced stock levels

ANANAN NN

SISKRD ™S

Increased business/sales

Reduced cycle times

AN EEANAN RN AN AN

Improved customer service

Improved productivity and efficiencies

AN RS ERANANENANAN

Improved on-time shipments

AN AN ANANAN

ANAN

Reduced IT operating costs

AN ANANANANEEENANAN

Reduced data processing time

ANAN

Reduced lead times

Increased inventory turns

ANEEANANAN

Reduced quality costs/quality
improvement

AN

Improved vendor performance

Improved resource utility

ANANENANAN

Increased user friendliness of IS

Adherence to best practice work patterns

Organisational learning

Effectiveness of employees

Roll out of a common vision

ANANANAN

1. The system must connect measurements with business goals and organisational

strategy.

2. The system must consist of a balanced set of financial and non-financial measures that
can be linked to strategic objectives.
3.  Measures must be both internally and externally focused.
4. The system must enable performance to be reviewed over specified time horizons
against specific goals (i.e. allow for time-factor analysis to be performed).
5. The system should be easy to use, to enable improvements to be monitored on a

regular basis.

Applying the above criteria, the ERP scorecard is the most comprehensive ERP PMS.
However, two weaknesses are noted. First, although a framework is defined to evaluate
ERP benefits, the benefits are not specified. Second, the phases over which benefits are
evaluated are not confined to fixed time periods. Consequently, the ERP scorecard is
modified to produce an ERP time-based balanced scorecard (BSC), shown in Figure 3.1. (The
BSC framework has the four perspectives with their benefits.) The degree to which benefits
are obtained by implementing firms can be populated for the respective time periods.
Populating the scorecard facilitates the use of progress curves (in the form of perceived net
benefit flow (PNBF) graphs [26]), to analyse the benefits and the resulting impact on
organisational performance.
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Time Period
. ) = — e — Strategy
Perspective Benefit Go-live | Stabilisation | Optimisation Link
Year 1 Year 2 Year 3
Financial Perspective Reduced operating and admin costs NP
Reduced stock levels NP
Increased turnover NP
Reduced IT operating costs NP
Reduced quality costs NP
Customer Perspective Improved customer service BP
Increased on-time shipments BP
Improved quality BP
Improved external information sharing INFO
Reduced service lead times BP
Internal Business Perspective Enhanced productivity and efficiencies BP
Improved resource utilization BP
Enhanced business processes BP
Reduced manufacturing cycle times BP
Reduced data processing time INT
Increased inventory turns BP
Improved accuracy and timeliness of INFO
Enhanced internal information sharing INT
Reduced manufacturing lead times BP
Increased integration of applications INT
Improved decision-making NP
Improved vendor performance BP
Learning and Growth Perspective |Increased user friendliness of IS INFO
Adherence to best practice work patterns BP
Organisational learning INFO
Effectiveness of employees BP
Roll out of a common vision INFO

Figure 3.1: ERP time-based BSC
3.4 Reasons for ERP successes and failures

Nah et al. [23] maintain that, with the high failure rate of ERP implementations, better
understanding of CSFs is needed. Recent ERP research has focused on the causes of ERP
successes and failures, and a summary of CSFs identified in the literature is displayed in
Table 3.2. As with the ERP benefits list, an ‘ABC’ ranking system is used to indicate the
level of support for each CSF.

Table 3.2: Critical success factors

" " Literature [ Literature | " Questionn{ Market

STEE & EmERER Literature | Literature & Case e Literature | Literature Aie ||enesimm Case Case Case

Analysis | Analysis Analysis | Analysis Stu Stud Stud,
% b= Study [Simulation b= = Interviews aire & v v

Al-

(e Al- Mashari &| Al
CSF Gargeya &| Umble et | King & Mashari [ Kumar et Al- Mashari &| Motwani ABC
Nah etal [ Brady Burgess [ Siriginidi etal al Soja  |Mudimigh| Zairi etal classifi-
[23] [8] [18] [271 [19] [28] 1] [31 [22] cation

Business plan, vision & strategy A

<
AR
“Ee

v | v
v | vV

Top management commitment A

A

v

Project management

Change management

Business process reengineering

Education and training

AN RNENANANAN

ERP team composition

Minimum customisation

SINKS
ANANANAN
ANASAYEAYRS

ANANANANERANA

Performance evaluation

AN AR A A A AN AR

Effective communication

ANANANERANENANANANANAN

YA

ERP package selection

Software development, testing
& troubleshooting

AN

Appropriate business & legacy
systems management

AN ANANANANEN ENANEN AN

ANINANANAN
<

IT infrastructure / / / c
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3.5 Summary of literature findings

The findings of the literature review are now given under each of the questions posed
earlier.

What benefits are gained from ERP systems?

From the literature, 27 benefits were compiled. The variability of support for different
benefits, the absence of local literature, and the lack of research on the extent to which
benefits are achieved, indicate that further research is required.

Is there a valid and reliable PMS that links ERP performance to organisational
performance?

The ERP time-based BSC is an appropriate system to measure the impact of ERP systems on
organisational performance over time, but as this measurement system is largely untested,
its validity and reliability need to be confirmed.

Do ERP systems have a positive impact on organisational performance in the time
periods following implementation?

The ERP measurement systems reviewed show limited market testing. Of the testing
conducted, conflicting results have been found (e.g. Shang and Seddon [26] and Chand et
al.’s [4] results show a positive impact, in conflict with the broader study conducted by
Wieder et al. [31]). Conflicting results, combined with the general lack of research in this
field, result in this question being unanswered through the literature review. Further work
is therefore needed to investigate the impact of ERP systems on organisational
performance.

What CSFs are responsible for ERP benefits being achieved?

From the literature, 14 CSFs were identified. With varying levels of support for each CSF,
the validity of this list needs to be confirmed. No study confirms an association between
CSFs being in place and ERP benefits being achieved. The association is a topic for further
investigation.

4 RESEARCH METHODOLOGY

4.1 Research problem

The literature review enabled the questions behind the purpose of the research to be
partially answered. Further research is required to address the outstanding questions.
Combining the outstanding questions leads to the research problem for this study:

To determine the impact of ERP systems on organisational performance by analysing
achieved ERP benefits within the framework of a suitable PMS, and to investigate an
association between CSFs and ERP benefits.

4.2 Research objectives and hypotheses

Breaking the research problem down into its sub-problems enables the objectives for the
research to be determined. Objectives define the sequence in which the research questions
are investigated. Figure 4.1 summarises the objectives and the associated research
questions. (The central research objective is shown at the top of the pyramid.)
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Objective 3

Establish the How are ERP benefits impacting on the
Valid & impact of ERP organisational performance of the company
reliable link ~ systemson over the three year post go-live period?
required organisational

performance
overtime
ERP benefits Objective 2
to be built

into PMS ~ Determine the validityand Is the ERP Time-Based BSC a
into reliability of the ERP Time-Based valid and reliable ERP PMS?
BSC
ﬁ:::sii;igz Objectivel Part 1: What are the benefits companies
A . ) are gaining from ERP systems?
established ~ Determine the ERP benefits and level to Part 2: To what extent are these benefits

which they are achieved b

chieved over the three year period?

Objective 4 What critical success factors

Determine CSFsand their association to ERP are associated with ERP
benefits benefits being achieved?

Figure 4.1: Objectives of the research

These objectives are investigated to test the following hypotheses:

H1: South African manufacturing firms are experiencing business benefits as a result of
ERP implementations.

H2: The ERP time-based BSC is a valid and reliable ERP PMS.

H3: The benefits gained through ERP implementations have a positive impact on
organisational performance over the three year post-‘go-live’ period.

H4: Common CSFs are associated with ERP benefits - and hence an increase in
organisational performance - being achieved.

4.3 Two phase methodology

To investigate the objectives, a two-phase approach is adopted:

Phase 1 conducts expert interviews to validate the list of benefits and CSFs
established through the literature review.

Phase 2 conducts a sample survey of local ERP implementations (using an email
questionnaire) to determine the level to which CSFs have been in place, and the
benefits achieved.

Phase 1
Structured Interviews
Objective 1 Objective 1
« Validate the list of ERP benefits « Determine the extent to which benefits have been
achieved
Objective 2 Obiective 2
jective
« Establish the content validity of the ERP Time- _ o .
Based BSC « Determine the reliability of the ERP Time-Based BSC
Objective 4 Objective 3
« Validate the list of CSFs « Consolidate benefits to determine the impact of ERP
systems on organisational performance
Objective 4
« Investigate an association between CSFs and ERP
benefits

5

Figure 4.2: Two-phase methodology

RESEARCH RESULTS: STRUCTURED INTERVIEWS

Ten face-to-face interviews were conducted with SA ERP experts and business users, using a
pilot-tested structured interview questionnaire. The first section of the questionnaire uses
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a seven-point Likert scale to ask respondents the extent to which they believe ERP benefits
should be achievable within firms. Responses in Table 5.1 use an ‘ABC’ ranking applied to
each benefit based on the level of support. Results are combined with the literature
findings to gauge each benefit’s support.

Table 5.1: ABC analysis of benefits

Key:
Extent of Agreement
3 |Completely Agree 0 |Neutra| -1 |Slightly Disagree
2 |Mostly Agree -2 |Mostly Disagree
1 [Slightly Agree -3 |Completely Disagree
Descriptive Statistics Interview "ABC" Classification Overall Classification
. 3
ERP Benefit g | = | 8 slsslxs® 538§
2 |5 | < P X Bz28|gB|l 28 (Lz2ER|I=E
= I s S = o > |c22le2|l2g 228z
= S |2 &| 8 s I R A I e
|2 |83|/8 |8 |z 6eé|2é|cé|agidlch
= 7] &H 0o = 7] b o Eojd o]l 50 [5E05|60
Financial Benefits
1) Reduced operating and admin costs 2.50 | 0.20 | 0.95 A A A AAA A A AA A
2) Reduced stock levels 2.50 | 0.90 | 1.78 A C C ACC B B BB B
3) Increased turnover 2.00 | 0.70 | 1.57 B C C BCC C B BC B
4) Reduced IT operating costs 1.50 | 0.20 | 1.70 B A C BAC B B BB B
5) Reduced quality costs 1.00 | 0.20 | 1.55 C A C CAC C C cc C
Customer Benefits
1) Improved customer service 2.00 | 0.10 | 1.20 B A B BAB B B BB B
2) Increased on-time shipments 2.50 | 0.30 | 1.03 A B B ABB A B BA A
3) Improved quality 1.50 | 0.20 | 0.82 B A A BAA B C cB B
4) Improved external information sharing | 2.00 | 0.20 | 1.40 B A B BAB B A AB A
5) Reduced service lead times 2.00 | 0.30 | 1.06 B B B BBB B C cB B
Internal Business Benefits
1) Enhanced productivity and efficiencies | 2.50 | 0.30 | 1.03 A B B ABB A B BA A
2) Improved resource utilization 2.00 | 0.10 | 1.52 B A C BAC B C CcB B
3) Enhanced business processes 2.50 | 0.00 | 0.53 A A A AAA A A AA A
4) Reduced manufacturing cycle times 1.50 | 0.10 | 0.97 B A A BAA B B BB B
5) Reduced data processing time 2.00 | 0.50 | 1.18 B B B BBB B B BB B
6) Increased inventory turns 2.00 | 0.40 | 1.51 B B C BBC B C cB B
7) Improved accuracy and timeliness of
. . 3.00 [ 0.80 | 1.40 A C B ACB B A AB A
information
8) Enhanced internal information sharing 3.00 | 0.20 | 0.42 A A A AAA A A AA A
9) Reduced manufacturing lead times 2.00 | 0.30 | 1.34 B B B BBB B C CcB B
10) Increased integration of applications 3.00 | 0.10 | 0.32 A A A AAA A A AA A
11) Improved decision-making 2.00 | 0.20 | 1.23 B A B BAB B A AB B
12) Improved vendor performance 2.00 | 0.10 | 0.57 B A A BAA B C cB B
Learning and Growth Benefits
1) Increased user friendliness of IS 1.50 | 0.60 | 1.60 B C C BCC C C cc C
2) Adherence to best practice work 3.00 | 0.30 | 0.67 A B A ABA A (o} CA A
3) Organisational learning 2.00 | 0.30 | 1.16 B B B BBB B C CcB B
4) Effectiveness of employees 2.00 [ 0.30 | 1.49 B B B BBB B c CcB B
5) Roll out of a common vision 2.50 | 0.20 | 0.82 A A A AAA A C CA A

‘A’ benefits are assessed as valid. ‘C’ benefits are classified as invalid due to lack of
support, and are removed from the list. ‘B’ benefits are analysed in more depth to
determine their validity. This results in two more benefits - ‘reduced manufacturing cycle
times’ and ‘improved quality’ - being removed. The remaining list of 23 benefits is assessed
to be adequate to use in the Phase 2 market research. In populating the ERP time-based
BSC with these benefits, the content validity of the scorecard is confirmed.

The second section of the questionnaire asks respondents to rank the list of CSFs according
to their perceived importance. Table 5.2 summarises the results.
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Table 5.2: CSF interview results

Key:
Rank Criticality
1 |Most critical
14 |Least critical
|~ [m | [w
S S S S S
SN LRI R|S|S 2
Rank Critical Success Factor f ‘:_‘ % % % a a ?, ?, a ‘5

s |s |3 |2 |2 (2|22 |&|&|=2|8¢g

S|S5|2|2|2|a|2|a|a|2|3|e?

>|>|8|8|8|la|a|a|la|a|[s][s&
1 |Top management commitment 2 1 3 1 1 1 1 1 1 2 |1.0f0.75
2 |Business plan, vision & strategy 1 10| 7 2 2 4 2 2 8 1 12.0] 4.25
3 |Change management 9 2 1 4 4 6 3 3 2 3 [3.0f 1.75
4 |Education and training 6 5 4 5 9 5 5 7 4 8 [5.0f1.75
5 |Business process re-engineering 4 8 5 3 3 8 4 6 9 | 13 |5.5] 4.00
6 |ERP team composition 7 7 8 8 7 7 [13]) 4 10| 4 |7.0] 1.00
7 |Project management 12| 4 |11 6 5 110 8 5 5 7.0] 4.75
8 |Effective communication 10| 3 2 7 8 9 6 [ 11 ] 3 7 [7.0] 5.00
9 [Minimum customisation 5 6 |14 |10 |14 | 2 | 11 | 12 6 | 11 |10.5| 5.75
10 |Software development, testing & | 1\ | 15 | 5 | 49 (19 |11 |12 | 8 | 7 | 11 |11.0] 2.25

troubleshooting
11 |ERP package selection 8 [ 13 )13 |12 | 10 3 114 9 |14 ] 5 [11.0] 4.75
12 |Performance evaluation 131 9 |12 9 6 | 12 | 10 | 14 | 11 | 14 |11.5| 3.50
13 |IT infrastructure 14 | 11 9 13 | 12 | 13 9 | 10 | 13 6 |11.5] 3.75
14 |APPropriate business & legacy 31410141314 7 |13]12]12|12.5 325
systems management

Classifying the CSFs in this way results in CSFs 11 to 14 being removed, providing a
consolidated list of 10 CSFs for further use.

6 RESEARCH RESULTS: MARKET RESEARCH

This phase uses the ERP benefits and CSF lists from Phase 1, with the ERP time-based BSC,
to investigate further the four objectives and the related hypotheses. To extract the
information from senior business executives, a quantitatively-based and pilot-tested email
questionnaire was used.

The sample frame for this research consists of SA manufacturing companies that have
implemented ERP systems. Gupta and Kohli [14] state that the ERP systems from the top
software vendors have a feature overlap of around 60-70 per cent. Consequently, this study
does not limit itself to the brand of the ERP system, but distinguishes by company size
(annual revenue >R300 million), resulting in an estimated population size of about 150
companies. Gay and Airasian [9] recommend that for a population size of around 500 or
less, at least 50 per cent of the population should be sampled. In line with these
recommendations, questionnaires were emailed to 79 companies, identified mainly through
consultancy and corporate client lists.

A response rate of about 25 per cent was obtained. This figure is in line with the expected
email response rate of 20-30 per cent [32], and is deemed sufficient for analysis. Note,
however, that the validity of the results may be affected by:

1. The non-random selection of the sample population. This includes sampling from firms
that do not have failing systems.

2. The relatively small sample set.

3. Sources of potential bias within the sample set (for example, year of implementation,
IT base, and enabling systems in place).
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Due to the low response rate, the data distribution cannot be confirmed, but the
distribution of averages, in line with the central limit theorem, is assumed to follow
Student’s t distribution. Statistics are selected to analyse the results in line with the four
objectives.

6.1 Objective 1: ERP benefits

Table 6.1 shows the ERP time-based BSC populated with the benefit averages and 95 per
cent confidence interval, beyond which significance is claimed. Results are built into
progress curves in the form of PNBF graphs to assess the performance impact over time.
Figure 6.1 shows an example of the PNBF graphs for the financial perspective.

Table 6.1: Benefits averages and confidence intervals

Key:
Performance Impact Scale
3 High Performance Improvement 0 [No Effect on performance -1 Low Performance Reduction
2 edium Performance Improvement -2 edium Performance Reduction
1 Low Performance Improvement -3 High Performance Reduction
Mean Confidence interval (using Student t dist)
Perspective Benefit Year1 | Year2 | Year3
Year 1|Year 2|Year 3 Lower| Upper| Lower| Upper| Luwer| Upper
Financial Perspective [Reduced operating and admin costs 0.47 | 1.12 | 1.82 -0.14 | 1.08 [ 0.55 | 1.69 | 1.21 | 2.43
Reduced in stock levels 0.41 | 1.12 | 1.41 -0.04 | 0.86 | 0.58 | 1.66 | 0.75 [ 2.07
Increased turnover 0.35 | 0.53 | 0.94 0.04 | 0.66 | 0.16 | 0.90 | 0.41 | 1.47
Reduced IT operating costs -0.41 | -0.06 | 0.71 -1.09 | 0.27 | -0.73 | 0.61 | -0.06 | 1.47
Financial Benefits Average 0.21 | 0.68 | 1.22 -0.17 | 0.58 | 0.34 | 1.02 | 0.78 | 1.66
Customer Improved customer service 0.41 | 1.24 | 1.76 0.00 | 0.82 | 0.77 | 1.70 | 1.20 | 2.33
Perspective Increased on-time shipments 0.53 | 1.06 1.53 0.16 [ 0.90 | 0.63 | 1.48 | 1.01 | 2.05
Improved external information sharing 0.71 | 1.29 | 1.53 0.20 | 1.21 | 0.86 | 1.73 | 1.01 | 2.05
Reduced service lead times 0.53 | 0.88 | 1.12 0.21 | 0.85 | 0.48 | 1.28 | 0.72 [ 1.52
Customer Benefits Average 0.54 | 1.12 | 1.49 0.22 | 0.87 | 0.81 | 1.42 | 1.12 | 1.85
Internal Business Enhanced productivity and efficiencies 0.41 | 0.94 1.24 0.00 | 0.82 | 0.48 | 1.40 | 0.70 | 1.77
Perspective Improved resource utilization 0.65 | 1.00 1.35 0.29 | 1.01 | 0.52 | 1.48 | 0.84 | 1.87
Enhanced business processes 1.06 | 1.71 | 2.18 0.47 | 1.65 | 1.27 | 2.14 | 1.85 | 2.50
Reduced data processing time 1.24 | 1.76 | 2.18 0.67 | 1.80 | 1.30 | 2.23 | 1.69 | 2.67
Increased inventory turns 0.53 | 0.82 1.12 0.04 | 1.01 | 0.37 | 1.28 | 0.61 | 1.63
Improved accuracy and timeliness of 1.24 | 2.00 | 2.47 0.57 [ 1.90 | 1.55 | 2.45 | 2.02 | 2.92
Enhanced internal information sharing 1.29 | 1.71 | 2.12 0.82 | 1.77 | 1.31 | 2.10 | 1.68 | 2.56
Reduced manufacturing lead times 0.59 | 0.88 | 1.12 0.18 | 1.00 | 0.37 | 1.39 | 0.55 [ 1.69
Increased integration of applications 1.47 | 2.00 | 2.53 1.02 | 1.92 | 1.59 | 2.41 | 2.16 | 2.90
Improved decision-making 1.00 | 1.53 | 2.12 0.52 | 1.48 | 1.12 | 1.94 | 1.64 | 2.59
Improved vendor performance 0.65 | 0.94 [ 1.41 0.13 | 1.16 | 0.44 | 1.44 | 0.93 | 1.89
Internal Business Benefits Average 0.92 | 1.39 | 1.80 0.59 | 1.25 | 1.12 | 1.66 | 1.48 | 2.12
Learning and Growth [Adherence to best practice work patterns 1.18 | 1.65 1.94 0.59 | 1.76 | 1.13 | 2.16 | 1.48 | 2.40
Perspective Organisational learning 1.41 1.76 2.00 0.90 1.93 1.27 2.26 1.43 | 2.57
Effectiveness of employees 0.41 | 1.29 | 1.82 -0.22 | 1.04 [ 0.90 | 1.69 | 1.37 | 2.28
Roll out of a common vision 094 | 141 | 1.71 0.41 | 1.47 | 0.90 | 1.93 | 1.17 [ 2.24
Learning & Growth Benefits Average 0.99 | 1.53 1.87 0.55 1.42 1.12 1.94 1.44 | 2.29
[Gross Average 066 [ 1.18 ] 1.59 ][ 0.34 [ 0.99 [ 0.90 [ 1.46 | 1.27 [ 1.01

Note: cells are highlighted where confidence intervals fall below zero.
Part 1: What are the benefits that companies are gaining from ERP systems?

Survey results show that by the end of ‘year 1°, on average 19 of the 23 benefits were
achieved by the surveyed organisations (i.e. they showed a performance improvement
significantly higher than zero). By ‘year 3’, 22 of the 23 benefits had been achieved by the
sample set. ‘Reduced IT operating costs’ is the only benefit not to show significant
improvement.

Part 2: To what extent are benefits being achieved over the three year post-‘go-live’
period?

PNBF graphs show the main benefits achieved in ‘year 1’ through to ‘year 3’ to be mostly
internal business benefits. By ‘year 3°, seven benefits are achieved to a ‘medium-to-high’
extent, 14 benefits to a ‘low-to-medium’ extent, and one benefit to a ‘low’ extent. The
gradients for all PNBF graphs are shown to be positive between ‘year 1’ and ‘year 3,
indicating that the extent to which benefits are achieved increases over each time period.
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Figure 6.1: Financial benefits PNBF graphs
6.2 Objective 2: Validity and reliability of the ERP time-based BSC

Having confirmed the content validity of the ERP time-based BSC through the structured
interviews, Cronbach’s a is used to evaluate the internal consistency reliability (and
construct validity). The four BSC perspectives form the latent variables (LV), with the
benefits within each category comprising the items to be tested. These latent variables are
then collectively analysed to test organisational performance as the final latent variable
(using both the LV results and the individual items). Table 6.2 summarises the internal
consistency results, rating the results based on George & Mallery’s [10] recommendations,
viz. >0.9 - excellent, >0.8 - good, >0.7 - acceptable, >0.6 - questionable, >0.5 - poor, and
<0.5 - unacceptable.

Table 6.2: Internal consistency reliability summary

Latent Variable Cronbach's Apha Internal Consistency

Year 1 Year 2 Year 3 Average Rating
LV 1: Financial Perspective 0.656 0.861 0.608 0.708 Acceptable
LV 2: Customer Perspective 0.821 0.664 0.700 0.728 Acceptable
LV 3: Internal Business Perspective 0.877 0.821 0.877 0.858 Good
LV 4: Learning and Growth Perspective 0.767 0.861 0.857 0.829 Good
LV 5: Organisational Performance (using

0.899 0.859 0.841 0.867 Good

Lv1,2,3,4)
LV 5: Organisational Performance (using
o . 0.935 0.902 0.919 0.918 Excellent
individual items)

Is the ERP time-based BSC a valid and reliable ERP PMS?
Results in Table 6.2 show the internal consistency reliability of the ERP time-based BSC to

be ‘good-to-excellent’ at an overall level. The internal consistency of the four BSC
perspectives is in the ‘acceptable-to-good’ range.
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6.3 Objective 3: Organisational performance

Summary results of Table 6.1 are built into PNBF graphs to show the performance impact on
the four scorecard perspectives. Figure 6.3 applies an equal weighting average to
consolidate these results to the organisational level.
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Figure 6.2: BSC perspective PNBF graphs
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Figure 6.3: Organisational performance PNBF graph

How are ERP benefits impacting on the organisational performance of the company over
the three year post-‘go-live’ period?

In ‘year 1°, results show a significant performance improvement for all perspectives, with
the exception of the financial perspective. By ‘year 2’ the performance improvement is
significant across all four perspectives. This performance impact is seen to increase on a
yearly basis. Consolidating the results of the four perspectives shows overall organisation
performance improvements to be significantly above zero for all three periods. The level of
improvement is shown to increase at a diminishing rate over time. With the exception of
the financial perspective, improvement follows conventional learning theory.

6.4 Objective 4 - CSF and benefits association

Linear regression determines an association between CSFs and ERP benefits. Making
‘benefits’ the dependent variable and ‘CSF’ the independent variable, the regression
equation is shown as:

Benefits = B, + B;CSF+ error
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Two aspects of the linear regression results are tested when investigating a possible

association:

1. The sign and strength of the association is determined by the gradient of the
regression line.

2. Student t-tests are conducted to determine whether the slope of the regression line
differs significantly from zero (significance claimed at the 95 per cent level).

What CSFs are associated with ERP benefits being achieved?
Results reveal four associations for ‘year 1’ and ‘year 2’, and five associations for ‘year 3’

that can be described as strongly positive and significant. Three of the identified
associations overlap all three periods. These associations are those between:

Association 1: ‘effective  ERP team composition’ & ‘accuracy and timeliness of
information’

Association 2: ‘project management’ & ‘adherence to best practice work patterns’

Association 3: ‘project management’ & ‘organisational learning’.

No other associations from a total of 230 were found to be significant.
7  DISCUSSION AND CONCLUSIONS

7.1 Benefits from ERP systems

Objective 1 sets out to determine the main benefits that SA companies are gaining as a
result of implementing ERP systems, and to gauge the level to which the benefits are being
achieved. The literature review enabled a base list of expected ERP benefits to be
established. Validation of this list in Phase 1 results in 23 of the benefits being used in
Phase 2. The market research results show that 22 of these benefits are achieved. These
benefits are being achieved at varying levels, within the ‘low-to-high’ range. The research
shows a strong correlation between the ‘A’ benefits, established through Phase 1, and the
survey results. Based on these findings, Hypothesis | is assessed to be valid, and it is
concluded that:

South African manufacturing firms are experiencing business benefits as a result of ERP
implementations.

7.2 Validity and reliability of the ERP time-based BSC

Objective 2 aims to establish the validity and reliability of the ERP time-based BSC. The
content validity of the scorecard is first tested through the structured interviews. This
content validity is further confirmed by the results of the market research (with 22 out of
23 benefits being achieved). The overall internal consistency reliability (and hence the
construct validity) is ‘good-to-excellent’. With a limited sample, Hypothesis Il is concluded
as:

Preliminary research shows the ERP time-based BSC to be a valid and reliable ERP PMS.
7.3 Impact of ERP Systems on organisational performance

The aim of objective 3 is to evaluate the impact of ERP systems on organisational
performance over the three year post-‘go-live’ period. Consolidating the benefit results of
the market research reveals performance improvements across all four perspectives of the
ERP time-based BSC, with overall organisational performance showing a ‘medium’
performance improvement. These findings support the research of Shang and Seddon [26]
and Chand et al. [4]. However, the research of Wieder et al. [31] attributes performance
improvements to enabling systems instead of ERP systems. As all survey respondents
indicated the presence of at least three enabling systems in their organisations, there is a
chance that the benefits attributed solely to the ERP systems have resulted (at least in
part) from the enabling systems.
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Despite the potential for bias in the results, and given the assumptions, sufficient evidence
has been gathered to show that SA manufacturing companies are achieving organisation
performance improvements as a result of the benefits gained from ERP systems. Hypothesis
Il is therefore confirmed, and the research states that:

The benefits gained through ERP implementations have a positive impact on organisational
performance over the three year post-‘go-live’ period.

7.4 CSFs for a successful ERP implementation

Objective 4 sets out to determine the CSFs required for successful implementation through
their association with ERP benefits being achieved. Three strongly positive associations are
identified from the market research results. Similarities can be drawn between these
associations and the research of Motwani et al. [22] and Umble et al. [30]. However, the
identified associations conflict in part with the literature and interview results, as they do
not include the most supported and highly ranked CSFs.

Considering the above, it is concluded that the research has identified three possible
associations between CSFs and ERP benefits. However, with the small sample size, as well
as conflict (in part) between the literature and interview findings, there is insufficient
evidence to claim findings as complete and valid. Hypothesis IV therefore remains
unconfirmed, and further research may validate and build on these findings.

8 RECOMMENDATIONS FOR FURTHER RESEARCH

Based on the limitations and findings of this study, a number of recommendations for
further research are suggested:

1. The low sample size obtained from the market research means that further research
should be conducted to confirm and build on the organisational performance findings
of this study.

2. Further work is required to test the associations between CSFs and ERP benefits, using
a larger sample set.

3. The literature reviewed places little emphasis on the learning and growth benefits
from ERP systems. This study shows that these benefits are being moderately
achieved. More focus needs to be placed on investigating the learning and growth
benefits available through ERP implementations.

4. A source of bias in the results was noted, in that benefits from enabling systems may
be attributed solely to ERP systems. Further research should investigate this possibility
using the results of this study for comparative purposes. The other source of bias is
that only firms with existing (and successful) ERP systems were sampled. Further
research should be conducted on firms where ERP systems were unsuccessful.

5. If the ERP time-based BSC is to gain further use in business or research, validity and
reliability need further testing (specifically for the financial perspective and the
learning and growth perspective, where Cronbach’s a values were shown to be below
0.8).
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