16TH INTERNATIONAL CONGRESS FOR MINE SURVEYING, BRISBANE, AUSTRALIA, 12-16 SEPT 2016

Can an examination guarantee competency?
A critical review of international second stage qualification models leading to
a summative competency assessment
Hendrik C.1. Grobler’

Institute of South African Mine Surveyors,

Department of Mine Surveying, University of Johannesburg, Republic of South Africa

"Contact: hgrobler@uj.ac.za

Abstract: A recent investigation into possible contributing
factors to the low throughput rate of the South African
Government Certificate of Competency motivated an
investigation of international models of evaluating to
competency of surveyors for registration purposes. A critical
evaluation of Australian-, German - and United Kingdom
models for Mine Surveyors were made and compared with the
current South African model. The period of graduate training
and the requirements for registration appears to be common to
most models. It was found that the various processes of
assessing competency differed to a high degree between
models. These models of evaluation were compared with the
current South African model used by the Department of
Mineral Resources. The strengths of each model was identified
and highlighted in order to develop a proposal for an alternate
form of graduate training and competency evaluation. The exit
level outcomes used by the Engineering Council of South
Africa (ECSA) were compared to the competency
requirements defined in some of the models. It is argued that a
structured approach to developing competency through a

structured second stage qualification will provide an
improvement in the throughput rate of registration
examinations. A proposed model for a second stage

qualification or graduate in training programme that would
ensure a structured approach to obtaining competency was
developed based on the strengths of the various competency
models and is discussed.

I. INTRODUCTION

In South Africa mine surveying is regulated by the Mines
Health and Safety Act Regulation 17(2) (a) “The employer
must appoint a competent person to be in charge of
surveying, mapping and mine plans at the mine.” Each
operating mine must appoint a certificated surveyor who is
responsible for the accurate location of all mine surface and
underground infrastructure in relation to mineral rights
boundaries and potential safety hazards such as old
workings and accumulations of water and gas. The first
time that the Mine Surveyor’s duty and the penalties for not
performing his duties were recorded in 1894 by the Zuid
Afrikaanse Republiek Volksraad at the beginning of the
discovery of gold and diamonds in South Africa. Modern
surveyors have to comply with the Mine Health and Safety
Act No 29 of 1996, the Mineral and Petroleum Resources
Development Act and the South African Mineral Resources
Code (SAMREC) regulations in the execution of their
duties. The South African mine surveyor’s duties includes
the:

e Preparation of underground and surface statutory mine
plans

e Preparation of plans for mining authorizations and
undermining permissions

e SAMREC & SAMVAL Code Compliance if appointed
as a competent person for Ore Reserve Estimation

e Engineering surveys including the design and setting
out of infrastructures such as conveyor belts and shaft
development

e Topographic surveying for the updating of mine plans
for legal requirements as well as for mine planning
purposes

e Forensic surveying in the case of a major injury or
fatality as a result of mining operations

e The design and layout of mine development

e Mine Planning including the calculation of cut-off
grades, life of mine and short term plans

e  Mine Valuation including daily sampling control and up
to resource estimations

e  Mine Reconciliation including stockpile returns and the
calculation of management factors

e Mine reporting on volumetric reports and production
performance

e Mine Rehabilitation monitoring

e Deformation monitoring

It can be deduced from these listed requirements that the
Mine Surveyor is to provide detailed, up-to-date and
relevant information that can be used for estimation,
planning and verifying the extraction of mineral reserves in
a profitable manner.

In order for a person to become a certificated mine
surveyor, the person is required to complete a tertiary
qualification and obtain a number of year’s experience
before being allowed to sit the Government examinations.
The current throughput rate for the final qualification level
authorizing surveyors with a “licence to practice” has been
a cause for concern over since the original introduction of
these qualifications by the state (Willows-Munro, 1948).
This concern has been addressed by the introduction of
qualifications such as the National Diploma and eventually
the Bachelors degree over the years with little tangible effect
(Grobler, Report on the GCC Mine survey MS evaluation
process, 2014) in additions to the throughput problem that
has been plaguing industry for years, two distinct forms of
“professional registration” exists. A Mine surveyor registers
as a Professional Mine Surveyor though the South African
Council for Professional and Technical Surveyors (PLATO)
which although recognized a competent person for the
signing off of Ore Reserves and establishing a private
practice, does not provide the Mine Surveyor with official
recognition by the state to be appointed as the responsible
surveyor on a mining operation. For this appointment, the
mine Surveyor must pass a strenuous set of examinations
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established to test and ultimately determine the competence
of a surveyor to receive a “licence to practice” in the form of
the Government certificate of Competence (GCC) issued by
the Directorate of Mineral Resources (DMR).

1. How is competency defined in this context?

The general definition for competency is “the ability to
so something successfully or efficiently” (Oxford
dictionaries, 2015), a thesaurus provides alternative words
such as capability, skill, fitness, proficiency and know-how
for this term. The South African Mine Health and Safety Act
defines a competent person as a person who is qualified by
virtue of knowledge, training, skills and experience to be
familiar with the provisions of the MHSA and regulations
and have been trained to recognize potential hazards. Such a
competent person will be in possession of an appropriate
certificate of competency. (DMR, 2011) The identification
of risk (Department of Labour USA, 2015) as a result of
training and experience is considered part of the capability
of a competent person.

According to the Best practice guideline for the
development of Graduate Development Programmes of the
South African Institute for Mining and Metallurgy
(SAIMM) the definition of a competent person according to
the South African Qualifications Authority (SAQA) is a
person who “demonstrates the ability, specified in terms of
knowledge, specific skills or integrated cluster of skills,
capabilities and values, executed within an indicated range
or context and to specific standards”. Such a person
according to the definition displays an integrated
understanding of performance, systems and the ability to
transfer this performance to other related contexts and will
have the ability to “innovate when appropriate”. (South
African Institute for Mining and Metallurgy, 2015) Finally,
the Queensland Surveyors Act of 2003 defines competency
as “a combination of qualifications, skills, knowledge and
experience” ( Queensland Surveyors Act 2003, 2015).

Identifying the common denominators from these
definitions, the term “competency” within the reference
framework of this paper can be defined as “The ability by
virtue of Education, Skills, Knowledge and Experience to
identify potential hazards and deal with situations
successfully”. A competent person is expected to act in
proficient manner within the professional, ethical and
technical context of the environment in which the person is
expected to operate in.

II. A SUMMARY OF CURRENT COMPETENCY DEVELOPMENT
MODELS

A number of registration models used to define the
competency of eligible persons have been evaluated. In
South Africa, two models are available, namely the PLATO
registration process and the DMR examination process. In
Australia, the Western Australian-, New South Wales- and
Queensland models were compared. In Germany the model
for registration process as a mine surveyor features a
detailed schedule of work to be completed in industry and
public service. The United Kingdom model for coal mine
surveyors provides insight into the significant downscaling
of the mining industry in that country and the resultant
effects of Health and Safety requirements on the industry. A
comparison of the various models was made based on the
key components identified to define competency.
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A. The South African Council for Professional and
Technical Surveyors (PLATO)

PLATO requires a person wishing to register in the
category of Mine Surveyor to undergo a minimum period of
Work Integrated Learning (WIL) of 220 working days
during which the following aspects of mine surveying must
be completed (The South African Council for Professional
and Technical Surveyors , 2015). These aspects include
specific numbers of shifts performing underground
sampling, surveying, or reserve calculation, mine planning
and project management. The portfolio of work performed
will be signed off by a mentor. Although the registration
process allows the Mine Surveyor to perform the work of a
competent person as defined by the SAMREC code, but
does not provide the “licence to practice” as the certificated
surveyor at a mine. The “licence to practice” can only be
issued by the DMR.

B. Department of Mineral Resources of South Africa

In order for a Mine Surveyor to become a candidate to the
examinations for the Certificate of Competency: Mine
Surveying, the candidate must submit a record of service
confirming the appropriate experience including a minimum
of “at least three years practical experience in mine
surveying acceptable to the commission, provided that one
year has been in the underground workings of a mine;”
(Department of Mineral Resources RSA, 2015). An
accepted candidate who is in possession of a degree is
expected to write the following formal examinations:

e  Mine Survey 2

Mine Survey 3

Mining Legislation
And perform a survey of a portion of a mining property
of less than 10 (Ten) hectares and from such survey to
compile a plan on durable drafting material. (Department of
Mineral Resources RSA, 2015). Upon successful
completion of these requirements the surveyor will receive a
Government Certificate of Competency: Mine Surveying
that is wvalid for all mining operations (coal and
metalliferous) in South Africa. The content of the
examinations have not changed significantly since 1905.
(Dennis, 2003).

The PLATO and DMR registration requirements are
separate entities and any Mine Surveyor wishing to be
appointed on mine has to obtain the GCC in order to
practice. It is proposed that a combination of the
requirements for these two models be used as a pre-requisite
to the GCC examination process.

C. New South Wales Board of Surveying and Spatial
Information

Research provided only limited information. According
to this information the mine surveyor is expected to
complete examinations that will include:

1. The completion of projects complying with current
legislation. There are three projects that must be
completed and examined by the board, namely:

a. Mining surveys, formal mine plans and archival
research. A requirement of this project is that the
candidate would have obtained at least “104 weeks
of recognized practical experience” in mine
surveying. It is required from the candidate that a
“comprehensive written report” on the preparation,
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observation and calculation of all data, including
calibration and verification processes is included.
Design and survey of Engineering works which
will be a portfolio including preparation, survey
and calculation of at least two projects chosen from
a list that includes major surface infrastructure, re-
alignment of a conveyor belts, shaft or drift
installations or major surface rehabilitation.

A portfolio consisting of a comprehensive report on
specific aspects of mine planning and approvals
using a working mine as a case study.

2. A two hour written legislation examination where
“knowledge and understanding” must be demonstrated.
3. Finally an oral examination to demonstrate competency

is required.
(New South Wales Board of Surveying and Spatial
Information, 2015)

D. Western Australia Department of Mines and Petroleum

Mine Surveyors in Western Australia may apply for
Grade 1 or Grade 2 certification. Grade 1 certification is for
underground workings and Grade 2 certification limited to
Quarrying operations. All applicants must be in possession
of a recognized Diploma or Degree in Surveying.

A person applying for the Grade 1 certificate must
provide evidence of making underground surveys under
supervision for a period not less than 24 months. The Board
considers experience in primary surface control, shaft
plumbing and underground surveying and setting-out
surveys as satisfactory. A professional reference in the form
of a “written endorsement of the applicants suitability for
registration” must be included. (Government of Western
Australia Department of Mines and Petroleum, 2015)

In the case of an application for a Grade 2 certificate,
evidence of surveying under supervision in quarrying
operations for a period of not less than 12 months must be
provided. The Board considers experience in primary
surface control, bench and stockpile measurements, set-out
surveys as well as face position surveys as satisfactory.
(Government of Western Australia Department of Mines
and Petroleum, 2015)

Following the submission of this portfolio an interview
and oral assessment focussed on legislation, mine plans,
mine grids and datums, deformation monitoring and
stockpile month-end reporting is conducted. This interview
includes a plan submission and a desktop mine surveying
scenario.

E. Queensland Survey Board

The competency based assessments introduced by the
Queensland Survey Board was in response to the Surveyors
Act of 2003 ( Queensland Surveyors Act 2003, 2015) in
which the definition of competency was explicitly
described. The required units of competency includes:
Professional practice
Collection of data and information
Management of data and information
Presentation of Information
Business, Management and Quality Assurance
Communications
Spatial referencing systems and data bases
Land Administration and Property development
(optional)
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9. Controlling, Measuring and Locating developments
(optional)

10. Research, Development and Commercialisation
(optional)

11. Education and Training (optional)

(Campbell, 2007)

A pre-requisite to application for the certificate of
competency is a recognized surveying degree. Methods of
supplying evidence on the listed competency units includes:
1. Individual elements which is a written paragraph,

written in the first person, describing a task performed

by the applicant and signed off by an “authenticating
party”’;

Career Episode Reports, describing a project or period

of work focussing on personal contributions, “problems

faced, solutions found, judgements made and the results

and impacts of these.” (Campbell, 2007)

A Professional Assessment Project (PAP) is a project
undertaken by the applicant to display their competencies
under the observation of an assessor. Such a project should
be a complex example of all the work that has been
undertaken by the candidate. Upon the successful
completion of the PAP a certificate of competency is
awarded. All surveyors must complete six units, including
personal qualities (education and ethics), collection of data,
development surveys, field measurements, effective
communication and control surveys, before applying for an
endorsement. An endorsement for cadastral, engineering,
open cut, coal underground and metalliferous underground
can be obtained. A major innovation of this system is the
appointment of a Training Advocate that acts as an
intermediary between the applicant and mentors and deals
with any issues that may be encountered during the training
period. The normal duration of the competency process is
between two and three years.

F. German “Markscheider”

The duties of the German Mine Surveyor or
“Markscheider” can be best defined by the ISM definition
(International Society of Mine Surveying, 2015) that
includes responsibility for geology, rock mechanics and
environmental as well as “post-mining” operations defined
as subsidence monitoring and rehabilitation. The surveyor is
expected to act independently from the mining company
with reference to the legal requirements from the mining
authority as defined by the Federal Mining Act of Germany
of 1980 (Bundesberggesetz), the Mining Ordnance on
Mining Surveying of 1986 and the German Industry
Standards for mine plans (DIN21901 to DIN21921) The
mining act requires that all prescribed mine maps be
prepared and signed off by an approved mine Surveyor. The
official mine plans are prepared in two forms, one for the
mining authority and one form the company. The mine plan
can be made available to the public under special
circumstances. The German Mining Authority conducts a
plan inspection every two years.

The minimum qualification level to become a candidate
to the Markscheider process is a 5-year Master’s degree in
surveying, that can be completed at RWTH Aachen, TU
Freiberg or TU Clausthal (Hegeman, Education of Mine
Surveyors after graduation, 2015). The basic concepts of
Mine surveying are integrated in the 3-Years Bachelor
Program ‘“Raw Materials Engineering”. The Bachelor
degree programmes is a prerequisite for the following
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Master program. The detailed subjects concerning Mine
Surveying are integrated in the 2-Years Master Program
“Raw Materials Engineering” that includes areas such as
subsidence engineering, geographical information systems,
mineral resource management, special surveying methods
and geophysics.

The Master degree is a prerequisite for the following
education in the higher civil service (2 Years at the mining
authority). (Schulte, 2015). Should the post-graduate wish to
obtain recognition as a “Markscheider”, the candidate is
expected to undergo practical training in the mine surveying
field. This is based on a two year period as a “junior
surveyor for the civil service of Markscheider at the German
“Superior Mining Authority”. It is practice that the “junior
surveyor” spends these “schichten” in the employ of the
government department. The “junior surveyor” receives a
small salary of approximately €1300 per month from the
Mining Authority (Hegeman, Education of Mine Surveyors
after graduation, 2015). During the two year period with the
survey authority at least 6 months must be spend in an
underground “hard coal” or salt (potash) mine. 120
“schichten” must be completed which would include 80
“schichten” in “deep” and opencast mines with an
additional 40 “schichten” of general experience. A further
8 months needs to be spent working directly for the mining
authority. A detailed calendar of the preparation phase was
supplied by Hegeman, detailing the various departments
where time must be spent (Hegeman, Education of Mine
Surveyors after graduation, 2015):

1. 5 Months at a Mining Company

2. 2 Months at the State office of Geology

3. 2 Months at the State office of Surveying

4. 1 Month at the Land registry office

5. 1 Month at the State office for Planning or similar
office

6. 1 Month travelling time visiting mining companies in
Germany

7. 2 Months at the Local Mining Authority

8. 10 Months at the “Superior Mining Authority” which

will include the preparation of a thesis within a two
month period during this time.

The candidate must complete a technical thesis within
two months. Should the thesis not be handed in the correct
time or found to be insufficient, the candidate fails the
examination and may not participate in the written
examinations (Hegeman, Verordnung iiber die Ausbildung
und Priifung fir den hoheren Staatsdienst im
Markscheidefach, 2015). Upon completion of the training
period the “clerk” becomes eligible to write a second State
examination. These examinations of five-hour duration are
held over three consecutive days. The examination is on 2
selected topics that the candidate may select. The topics are
provided in the form of a sealed envelope, which is sealed
and returned to the examiner at the end of the 5-hour period.
A 75-minute interview oral examination on all aspects of
mine surveying as well as mining economy and cadastral
law must be completed. As part of this examination the
candidate must be able to do a presentation on a topic from
records that was provided to the candidate three days before
the examination (Hegeman, Education of Mine Surveyors
after graduation, 2015)

Upon successful completion the candidate can register as
an “Assessor des Markscheiderfachs” which is the first of
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four Markscheider levels within the Mining Authority. At
this stage the person can select to remain with the Mining
Authority or move to private employment. Should the
Markscheider remain with the Mining Authority three more
titles or categories may be obtained, in the following order
“Bergvermessungsrat”, then “Oberbergvermessungsrat” and
finally “Bergvermessungsdirektor” (Hegeman, Education of
Mine Surveyors after graduation, 2015).

G. United Kingdom HSE Coal Mining Certificate of
Competency

In the UK the Mines Qualification Board (MQB)
oversees the Mine Surveyors Certificate for Coal mines
(Leighfield, 2015), it is uncertain if a similar certificate
exists for metalliferous mines. According to Leighfield the
process can be summarized as follows; the minimum
requirement for a surveyor to become eligible for the
evaluation is a first degree in surveying. The candidate must
complete a total of 80 weeks underground (Leighfield,
2015). Taking leave cycles and training into account this
implies a minimum of 18 months to two years to complete
the graduate in training phase. A three day period for
examination must then be completed by the candidate. This
examination is conducted on site by an independent mine
surveyor (Leighfield, 2015). According to Leighfield the
examinations can be summarized as follows:

1. Day 1. The surveyor completes an underground traverse
that includes trigonometric levelling and setting-out
tasks underground

Day 2. The surveyor completes an underground
levelling traverse of a roadway section during which
sufficient observations must be taken to perform
specific calculations with on day three of the
examination.

Day 3 of the examination appears to evaluate the office
procedures that a mine surveyor would be expected to
execute. This is done in three parts, namely:

a. Part 1. The traverse completed underground and
setting-out work must be calculated.

Part 2. The surveyor must plot a longitudinal
section from the levelling observations and
calculate gradients and a cut-and-fill calculation
must be completed.

Part 3. The surveyor is expected to extend a
section of the workings on a 1:2 500 plan. This plan
of 2.0 kilometres by 1.0 kilometres will require the
extension of offsets and the plotting of co-
ordinates. Cautionary zones as required by “inrush
legislation” must be indicated and the amount of
coal worked and remaining reserves calculated
from this information.

b.

III. ANALYSIS OF COMMON AREAS WITHIN THE EVALUATED
MODELS

A matrix of the common areas of the different models of
qualification was used to identify common areas and areas
where improvement may be possible. The critical areas
identified where based on the definition of competency,
namely: education, skills (as defined by the various boards),
defined knowledge components (as defined by the proof
required by the boards), experience (required proof of
experience and where applicable endorsement thereof) and
finally the form of assessment to determine competency.
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A. Education

The minimum qualification for registration with the
various boards revealed that in the majority of cases the
minimum entry requirement is a Bachelor degree in
Surveying. It is interesting to note that in most cases this
Bachelor degree is in generalist surveying, not a specialized
mine surveying degree.

B. Skills

The method in which specific skills are defined within the
various documents differ widely. The Western Australian
model defines theses skills in the most articulated manner
starting with personal qualities, communication and then
only moving to the fundamental surveying skills of control,
measurement, data collection and construction type surveys.
Although it can be argued by some that these are “soft”
skills, it is an essential skill required of every competent
surveyor and a skill that should in fact be evaluated. A
strong focus on legislation and compliance can be observed
in most of the certificates.

C. Knowledge Components

The knowledge components for the individual certificates
are not defined well except in the case of the Queensland
model who defines seven components within the model.
These knowledge components are considered to be
completed during the experience phase of the qualification.
For most of the certificates the knowledge components can
be inferred from the compulsory examinations that needs to
be completed. Some interesting knowledge areas include the
calibration of equipment, the presentation of data, approval
applications and land management. These knowledge
components may have been included in theory during the
tertiary education phase but it is assumed that the knowledge
components described here would include practical
exposure and internalization of any theory. The South
African examination model includes geology, mine
valuation and geostatistics. Most of the Australian models
include archival research and mine planning. Hazard
identification, mining through voids and subsidence
monitoring as knowledge components appear in only three
of the six certificates studied.

D. Experience

The experience gained by the applicant during the 2nd
stage qualification is not defined well in some of the models
that was investigated. The various Australian models
appears to require varying levels of robustness. It is argued
that the experience component should receive the most
attention, as this is the point which prepares an applicant for
the examination and proof of due diligence. The manner in
which the experience is measured and the proof required of
this phase varies significantly. In some cases proof of shifts
worked and endorsement by a recognized person is
considered sufficient.

1) Minimum exposure time before application

The minimum time duration between graduation and
eligibility to apply for a competency assessment ranges
between 18 and 36 months. Although a period of time is
required to obtain the necessary skills, a shift in focus or
unguided learning during this phase can cause a loss in
critical fundamental learning obtained during the education
phase for the applicant. It is crucial that a guided and
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structured training programme be adhered to in order to
ensure the critical “internalization” of fundamental
theoretical concepts during this phase.

In the case of the most robust Australian model, a set of
career episode reports furnishing first-person statements of
actual work performed by the applicant is supplied.
Evidence supplied in this format should provide the best
form of self-evaluation to the applicant while at the same
time ensuring that all the critical knowledge components
have been adequately covered. This specific component of
the competency model is considered by the author to be the
essential success factor in the throughput rate and adequate
assessment of competency of an applicant. In the case of an
inadequately exposed applicant with insufficient experience
in the core competencies of the field stands a greater chance
of failure during the assessment phase. There can be no
substitute for constructive, focussed work integrated
learning guided by a detailed and focussed training
programme. The focus of communications, the presentation
of data, the interaction with state departments and hazard
identification provided by some programmes must be
recognized as a critical component within the development
of a competent person who will be required to perform these
skills in the execution of their duties.

The use of a training advocate, in one of the Australian
models, to act as an intermediary between the applicant and
the board is considered by the author to be essential to the
success of a model where experience has to be proved.
Where an applicant cannot obtain the correct assistance or
experience, a third independent party can facilitate exposure
opportunities and provide contact with persons that can
provide adequate mentorship and guidance in a specific
knowledge area.

The key weakness identified in the experience component
is that in some cases no prescribed training or experience is
defined. It is therefore plausible that a candidate in such a
model may only be “marking-time” waiting to obtain the
correct number of shifts and not gaining the required
knowledge and experience. A candidate in the unfortunate
position of not being part of a graduate in training
programme or a structured experiential learning programme
will be at a distinct disadvantage.

According to an industry survey completed in 2015,
representatives from the South African mining industry felt
that definite benefit could be gained from the experience
obtained during a trial survey prior to writing the GCC
examinations. (Grobler, A future perspective on Work
Integrated Learning for South African Mine Surveyors.,
2015) The question “Do you feel that it will improve the
GCC examination pass if candidates were to present the trial
survey portfolio before being allowed to write the GCC
examinations?” was posed. The majority of the respondents
felt that this change would definitely add value to the
process. The value of assimilating theoretical knowledge
with the completion of the required portfolio of practical
evidence is felt to be a contributing factor to a better
throughput rate for the survey examination.

E. Assessment

Various formats of assessment ranging from a formal
interview or oral examination to a formal written
examination are described in the various models. The
efficiency of a written examination to evaluate the core
competencies required of a mine surveyor have always been
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a point of contention. An examination is limited in the
content, duration and is subject to the focus of the individual
examiner. It is argued that an examination cannot test or
prove competency. The models using a combination of
submitted proof combined with a board interview examining
the provided evidence supplied by the candidate should
under ideal conditions provide the examining board with a
better opinion of the general competency, communication-
and presentation skills of an applicant.

In the majority of the models a written legislation
examination is required. In most of these cases it is clearly
stated that the examination is based on an interpretation of
the requirements of the act rather than a pure theoretical
examination. Further to that a final project covering all the
core competency areas are required. Such a project is
normally in the form of a project survey that would include
the requirements for the proper construction of a plan within
the requirements of the relevant laws and standards. The
inclusion of mining hazards and the calculation of an
extension of the mine plan and resource calculation in some
cases can be considered to be of great practical benefit when
evaluating the experience of the candidate.

IV.LEARNING POINTS FROM THE MODELS

The evaluation of competency through the use of
structured training programmes is an effective method of
ensuring that a candidate obtains focussed experience in the
critical knowledge components in order to internalize
tertiary education into real world application of theory.
Critical soft skills that are addressed in only some of the
models that were analysed include:

1. Communication skills
2. Managerial and Professional conduct
3. Presentation of data in a written and verbal format to
non-technical persons
4. Quality assurance
5. Interaction with Government departments
6. Risk identification
7. Health and Safety Requirements
8. Planning
The advantages of including interaction with

Governmental agencies and the relevant processes followed
during the application, submission and approval phases of
mining authorities, environmental plans and other statutory
requirements should serve to ensure an appreciation of the
processes followed. Such exposure to the various state
departments is relied on in the German model to develop
potential public service candidates. A form of government
service should serve to improve the understanding of the
processes followed and enhance the transparency of the
decision making processes followed during these processes
through interaction with the government agents working
with these applications.

The evaluation of experience through pre-defined
knowledge areas using career-episode reports is considered
by the author to be the preferred format of evaluation. By
placing the onus of proof on the applicant that the outcomes
of each defined core-skill has been met, a well-defined and
complete portfolio of evidence is generated. This portfolio
of evidence however can run the risk of including evidence
that may not have been performed personally by the
applicant. The Queensland model prevents such
interpretations by insisting that the applicant should report
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in the first person on the work completed. In the opinion of
the author such a portfolio of career-episode reports written
in the first person, substantiated by physical evidence
included in the portfolio and examined by a panel during an
interview, provides the best insight into the true experience
of the candidate. In cases where specific experience is not
defined in the experience phase of the model, candidates are
at a distinct disadvantage when entering the evaluation
phase.

V. HOW SHOULD AN IDEAL MODEL LOOK?

The study of the six models used internationally
highlighted a number of common areas between the various
certificates of competency. It can be argued that all the
evaluated models follow a constructivist model that argues
that knowledge and understanding is generated through
interaction  between learning and experiences.
(businessdictionary.com, 2015). A model combing the best
components of these models considered by the author to be
of core significance suggested are proposed under the four
headings of education, exposure time, skills, experience and
assessment.

Education. A minimum of a bachelor’s degree should be
considered a non-negotiable to the model. A bachelor degree
will ensure core competencies in Mathematics, Science and
fundamental surveying skills have been addressed. This
would ensure the correct NQF level for the competency to
be of at least an NQF level 7 standard.

Exposure time of at least 24 months appears to be
normal. A practical training model should ensure that a
person progressing at a reasonable pace can complete the
minimum experience requirements within a minimum time
of 24 months. Such a period should not include leave, site-
induction or other non-core related activities.

Skills can be defined as “An ability and capacity
acquired through deliberate, systematic, and sustained effort
to smoothly and adaptively carryout complex activities or
job functions involving ideas (cognitive skills), things
(technical skills), and/or people (interpersonal skills)”.
(businessdictionary.com, 2015). In this context, skills are
meant to imply the combination of cognitive and technical
ability using interpersonal skills and communication. Skills
are divided into “core skills” that define the technical ability
and “soft skills” which is used in the interaction between
individuals during the execution of an activity.

Core-Skills. Although the required skills may be
determined by the specific legislative and functional
environment, specific core skills must be incorporated in
any competency model. These core skills must however
cover all aspects of the mining value chain including aspects
from ore resource calculation up to rehabilitation and must
include subsidence monitoring.

“Soft Skills”. These skills are essential for the
professional and the interaction within a team as well as in a
consultation environment. Soft skills can be seen as
complementary to the development of the individual and
should include areas such as assertiveness training, conflict
management, language proficiency, finance and software
skills (South African Institute for Mining and Metallurgy,
2015). Soft skills that should include oral and written
presentation skills, team interaction and professional ethics.

Knowledge in this context is best defined as the
“...understanding that germinates from combination of data,
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information, experience, and individual interpretation...”
(businessdictionary.com, 2015). It can be said that
knowledge is the internalization of the skills and education
through the correct experience. Knowledge cannot be
proven without providing proof of the assimilation of theory
and experience.

Experience in this context is defined as the “Familiarity
with a skill or field of knowledge acquired over months or
years of actual practice and which, presumably, has resulted
in superior understanding or mastery.”
(businessdictionary.com, 2015). A good combination of core
and soft-skills into an outcomes based model has been
developed by the Engineering Council of South Africa. It
refers to these core- and soft skills as Exit Level Outcomes
and list 10 of these outcomes for graduate engineers (South
African Institute for Mining and Metallurgy, 2015). The
level of complexity of problems (complex, broadly or well-
defined) is used to define the various levels of qualification.
A model, using a combination of the ECSA exit Level
Outcomes (ELO’s) and the Queensland Survey Board units
of competency is proposed. Such a model would aim to
define the critical skills to be acquired and demonstrated by
a surveyor applying for a competency assessment.

The proof of skills acquired will be incorporated in the
portfolio of evidence and must include concrete proof in
addition to the written summary of the experience gained by
the applicant. Such a portfolio of evidence should meet all
the defined skill- and knowledge areas. The format of
“career-episodes” to provide evidence of the experience can
provide the basis for examination. The STAR method of
reporting can be used. The applicant should be able to
describe a specific Situation, identify and discuss the Task
that had to be performed within the constraints of the critical
outcomes, outline the Action decided on with specific
reference to the planning of the task, the equipment and
techniques used and finally a discussion of the Result of the
actions taken. The results would be supported with physical
evidence in the form of a report, instruction or drawing.

1. Demonstrate knowledge and understanding of
fundamental and advanced surveying principles in the
diagnosis and design of solutions for complex
surveying problems that should include setting-out,
volume determinations and deformation monitoring;
Plan, design, execute and evaluate appropriate forms of
data collection including field observations, databases
and archival research in order to prepare relevant survey
information; and should include GPS, laser scanning,
deformation instrumentation. This project must include
research using State department archives for old
workings, mining authorizations, surface and mining
rights, boundary co-ordinates and sub-divisions;

3. Design of survey systems, survey networks and -
processes to meet the requirements of the regulations of
the Mine Health and Safety Act within the constraints
of a detailed and relevant hazard identification process,
risk analysis, corporate standards, industry codes of
practice and legislation. Risk identification within the
constraints of the location of old workings, the
accumulation of fluids and gasses, undermining of
infrastructure and other environmental parameters;
Demonstrate an understanding of the various forms of
spatial referencing systems and data bases used in the
industry;
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5.

10.

11.

Use appropriate surveying techniques, resources, and
equipment to solve broadly defined surveying problems
while demonstrating an understanding of the
fundamental limitations, restrictions, assumptions and
constraints of these;
Management of data and information including
maintenance, storage and quality assurance within the
constraints of a detailed and relevant hazard
identification process, risk analysis, corporate
standards, industry codes of practice and legislation;
a. Check surveying of the primary survey network
b. Azimuth determination by gyroscope
c. GPS calibration
d. Electronic surveying equipment calibration
e. Storage and back up methods
Effective presentation of information in written
(including plans) and spoken form to surveying and
non-surveying audiences;
a. Produce daily production survey instructions for
excavation control
Update prescribed plans
c. Construct a prescribed plan in terms of the
requirements of the MHSA
Produce volumetric results of excavation and
stockpile information
e. Present the results of a survey project to an
audience of surveyors and non-surveyors
f.  Design a short-term mine layout for the extraction
of a mineral
Calculate and present a ore reserve for a mining
block using geological information and mining
equation parameters including pillar design;
Communicate applications, requirements, conclusions
and recommendations of survey results in clear, well-
defined terms with clients, managers, team members
and State Departments, in a Professional and ethical
manner. This can be demonstrated by providing
evidence of completing a mining title application or
requesting permission for undermining of surface
infrastructure.
Demonstrate a knowledge and understanding of the
impact of survey related activities on the society,
economy, industrial- and physical environment, and
address any issues using analysis and evaluation
techniques within the constraints of a detailed and
relevant hazard identification process, risk analysis,
corporate standards, industry codes of practice and
legislation; by completing an
a. EMPR application or;
b. a Mining Authorization application or;
c. use GIS as a tool to perform an analysis to inform
one of the processes listed under this point.
Demonstrate comprehension of ethical management
principles and responsibilities as an individual, member
and a leader of a project team by providing evidence of
the application of management principles used in a team
environment.
Engage in independent and life-long learning through
well-developed learning skills providing evidence of
further learning that should include the development of
“soft-skills”
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Assessment of the education, skills and experience
phases of a candidate should be in the form of an interview
(oral defence) based on the portfolio of evidence supplied by
the applicant. The portfolio of evidence should take the form
of a set of prescribed mine plans in compliance with the
Mine Health and Safety Act and based on the individual exit
level outcomes discussed in the previous section. One of
these plans should present a mine design that includes all
identified hazards, a pillar design and a resource estimate
using a basic mining equation. The set of plans should be
accompanied by comprehensive written reports on each
aspect of the portfolio.

The final summative assessment should take the form of a
desktop study and oral examination. The desktop study
should take the form of a formal examination testing the
ability of the applicant to incorporate education, skills and
experience in a realistic problem within the relevant mining
legislative constraints is strongly recommended. The final
oral presentation should be a “defence” of the portfolio of
evidence and final summative project. This oral defence
should provide an effective and fair method of evaluating
the knowledge and experience of a candidate. Soft skills
such as language proficiency, presentation skills and
reaction under stress can be evaluated effectively under
these conditions.

In most of the evaluated models it seems that a final
written examination on the interpretation of state legislation
is still required. The final stage in the issuing of a certificate
of competency will arguably always rest in some
government department. The author is of the opinion that
the final written examination phase, if still required, should
be concluded at this stage.

VI. CONCLUSION

The study of six models of competency evaluation prior
to the certification of Mine Surveyors identified a number of
common points that can be developed into a comprehensive
model to suggest a form of competency evaluation that
should be more effective than the written examination
process currently favoured by some countries. Competency
is considered to be the culmination of Education, Skills,
Knowledge and Experience that will enable a mine surveyor
to interpret situations in a manner that would reduce risk and
avoid any potential hazards within the execution of his/her
professional duties.

The historic throughput rate of competency examinations
in South Africa has been extremely low and considered to
be unacceptable. In the case where examinations are written
to determine the ultimate competency of a candidate, it may
not in all cases ensure true competency. In order to fully
evaluate the competency of a person a shift of focus must be
made towards the transformation of education into skills and
internalized knowledge through the exposure to the relevant
and correct experience. It is argued that if all the
preconditions of education, skills acquirement and
experience have been met, a significant improvement in the
throughput rate could be expected, the core competency of
this candidate can be ensured.
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