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well as training. It is through the precision of these theoretical and methodo-
logical aspects that progress may be made in these two domains.
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6. Performance Requirements Analysis
and Determination

Wim J. Nijhof and Martin Mulder

SUMMARY

In this chapter the authors describe a new Bﬂrom.r the ncagfa oosmono.:nm
in order to fill the gap between job analysis techniques and Q::o.c::: design,
and development techniques. The conference r.mm donj cmnﬂ in two Mmmow,
respectively in office automation and 5. Bno:m:_om_. engineering, in om er to
find generic objectives (cognitive, skills and attitudes) . The con omoMon
proved to be an adequate procedure, m:ro:.mr some @B.o:om_ msa‘ methodo-
logical issues remain to be solved. For <0n.m:o=w_ o.acom:o: lists with mo.:mzo
training, objectives are generated and validated with reference to new intor-
mation technologies.

CONTEXT

In 1984 the Dutch government began a programme Ho.maac_m.:m and imple-
ment new technologies in general and vocational na:ow:.o? This programme,
known as INSP, was a rather new innovation because 1t is the first :Bm.w the
Department of Education and Sciences (DES) rwm anm_aoa. to oooH.awcmS
departments of government in this field of education. was:mo, m.aB—?m:w.-
tors have never tried to organize a centralized system of innovation 1n this
field. The INSP organization is divided into five clusters:

(a) coordination of infrastructures; .

(b) development of educational mo?zmnn. and prototypes for primary,
secondary, vocational education including adult education;

(c) in-service training;

(d) schooling and preservice training of teachers;

(e) educational research and evaluation on NIT.
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First the problem and research questions are described. In short, the
problem is how to analyse and determine performance requirements and how
to formulate generic training objectives in the field of office automation (OA)
and flexible production automation (FPA). Second, the research and develop-
ment design will be described. In the BAVBO project the curriculum con-
ference (Frey, 1982) is used as a possible solution to the problem. The
curriculum conference is a problem-solving method by groups in which results
of research (literature, future developments, survey results and other data)
are validated and transformed into a list of possible performance require-
ments. By means of rating and ranking, the scores are finally used to
formulate generic training objectives, and the results and conclusions are
described. We have separated the results and conclusions about the perform-
ance requirements in OA and FPA because the two domains are different.
The evaluation of the curriculum conferences and the comparison between
the training objectives in the two domains will be presented.

Finally, we will discuss some of the problems related to the curriculum
conference (CC) as a tool for transforming and translating data into generic
training objectives and designs for instruction.

DESCRIPTION OF THE PROBLEM AND RESEARCH QUESTIONS

Definitions and focus

New information technology (NIT) applications in business and industry raise
new training needs in vocational-oriented curricula. By training needs, we
mean discrepancies between the actual and desired situation (Kaufman and
English, 1979; Stufflebeam et al., 1985). By curriculum, we mean a document
or plan in which instructional processes are planned (Johnson, 1967; Nijhof,
1983). NIT applications denote hardware and software which is available for
OA and FPA. Other NIT applications were not investigated. These applica-
tions, however, are very diverse and performance requirements in the world
of work are very differentiated. We perceive performance requirements as
statements about the necessary knowledge and skills for carrying out certain
tasks in working situations.

The client system of vocational education is so heterogeneous and so many
stakeholders are involved in the decision-making process about new training
objectives that the problem arises of how to analyse and determine perform-
ance requirements and how to formulate generic training objectives. When
found and formulated these can be used as a starting point for further
curriculum development.

Thus the focus of our research was mainly the ‘what’ of training NIT rather
than the ‘how’. By generic training objectives, we mean the broad knowledge
and skill expected of school-leavers who possess the qualifying certificate
from a vocational training institution. These skills are, of course, transferable
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given to determine the performance requirements or to formulate generic
training objectives. This job will be left to a curriculum development team.

The techniques for determination or justifying performance requirements
for educational purposes are to be found in curriculum design and develop-
ment literature. Although there are many models (Andrews and Goodson,
1980), research synthesis indicates that very little progress has been made on
performance requirements analyses related to this determination (Goldstein,
1980). Furthermore, recent strategies for curriculum design and development
contain few procedural specifications for the process of determining generic
training objectives (Oliva, 1982; Dick and Carey, 1985; Robinson, Ross and
White, 1985). The missing link between the two domains of techniques is the
structural relation between job (analysis) and educational and instructional
requirements. Peterson and Bownas (1982) have tried to develop a matrix of
performance requirements in which two categories of taxonomies, task tax-
onomies and educational taxonomies, are related to each other, but the
practical implications and applications of this matrix are not yet clear.

Our aim must therefore be to try and develop a technique or procedure in
order to fill this gap. To solve this problem the following research questions
are formulated:

1. How can new performance requirements on new information technology
applications be analysed within the heterogeneous world of work?

7. How can the decision-making process be structured in such a way that
generic training objectives are determined?

ASSUMPTIONS, DESIGN AND EFFECTS

To enable us to cope with our research questions we designed a research and
development project called ‘Generic knowledge, skills, and attitudes on
computer applications in office automation and flexible production systems’.
The project consisted of four main stages:

Stage 1. Initial performance requirements analysis.
Stage 2. Curriculum conference.

Stage 3. Formation of training objectives.

Stage 4. Evaluation.

Our main consideration was how to solve the problem of the structural
relation between job analysis and determining performance requirements.
We believed this link could be found by using a problem-solving method by
groups in which representatives of business and industry, on the one hand,
and those from the vocational training system, on the other, would solve this
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of work, it is necessary to detect those variables that are responsible for most
of the variance in performance requirements. The variables we distinguished
are: company size, type of economic activity, rate of technological innovation
and vocational group of the respondent. The results of this stage were
aggregated in three chapters of a research report with information about: (a)
school-leavers/starters; (b) business and industry; (c) the vocational training
system (split up into office administration and technical education).

As a result of a content analysis of the research findings a list of possible
knowledge, skill and attitude aspects was compiled. This information was the

input for stage 2.

Stage 2. The curriculum conference

Two curriculum conferences were organized, one for office automation and
one for mechanical engineering (technical education). Representatives from
both the educational system and from business and industry were selected to
analyse the results of the information document and to rate the performance
requirements on a scale with two dimensions: the level of performance
(behaviour) and the level of relevance.

During the preparation of the CC the following steps were taken:

— formulating the goal of the CC;

— inviting the participants;

— producing the information document;

— producing the working document;

— practical preparation;

— planning the conference program (logistics);
— making guidelines for the participants.

The participants of the CC prepared for the sessions by reading the informa-
tion document of 50 pages and by filling in a working document.

The working document contains: (a) forms to write down conclusions about
the chapters of the information document from stage 1; (b) a questionnaire
about the personal expectations of the CC and the assessment of the informa-
tion document; and (c) the knowledge, skill and attitude score ‘forms. The
scores were formatted with a taxonomy developed by Olbrich and Pfeiffer
(1980).

The taxonomy of Olbrich and Pfeiffer contains two dimensions. The first
describes the job aspects: the kind of work, the sequence of tasks, the frame
factors of work, conditions for cooperation and responsibility related to levels
of mastery. The second dimension describes mainly the cognitive and affec-
tive aspects: the kind of learning behaviour, the organization of the learning
process, the use of media, the use of subject matter and, lastly, the motiva-
tional aspects of learning. All of those are related to levels of mastery.
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We used the second dimension because the job aspects have been covered
by stage 1. In the cognitive dimension four levels of mastery of educational
aims are defined: knowing, understanding, application and evaluation. There

is a clear analogy with the well-known Bloom taxonomy (Bloom, 1956;
Romiszowski, 1981)

The conference itself consisted of fo
of the information document;
knowledge, skills and attitude
evaluation of the CC.

ur stages: (a) introduction; (b) analysis
(c) deliberation and decision-making about the
§ necessary; consensus ought to be reached; (d)

Stage 3. Formulation of training objectives

Given the fact that the CC is a very intensive procedure for participants and
the chairman, the research team must, after the conference, put the finishing
touch on formulating the (training) objectives in operational terms. As a
consequence of the deliberations, several arguments and statements are made
about the context and the implications of the knowledge, skills and attitudes
related to automation and NIT. It is therefore essential that a precise job
should be done. Although it would be worthwhile to assess the final result
from the participants, this did not take place because the refinement of the

formulation of objectives did not change the substance, and also because of a
lack of time and money.

Stage 4. Evaluation of the curriculum conference as a tool

One of the goals of the whole project was to evaluate the effectiveness and
efficiency of the CC. Because of the use of the CC in two domains, we can
speak of two different projects within the main route we described earlier. It
becomes possible to formulate conclusions by comparing the two confer-
ences. The design of the evaluation is depicted in Figure 2.

This design is based on the principle that in conventional research (surveys)
respondents will rate statements offered by a research team. On the basis of
cluster or discriminant analysis the interpretation can lead to dominant
profiles of statements referring to cognitive, psychomotor and attitudinal
skills. However, we know that the validity and reliability of such procedures
might be low, especially when the non-response is very high or when the
sample is biased (Bilderbeek and Smits, 1985)

Consensus in a CC might be a better measure. However, even here some
methodological issues arise. The group is rather small and perhaps not
representative of the population of expert workers in education and industrial
training. On the other hand, deliberation can lead to a valid and reliable
analysis of concepts and statements. Whatever route we take we may estab-
lish agreement. Finally we can discuss the question of whether group behavi-
our will model the behaviour of every member of the group. Dominant roles,
charisma, the place and the status of members in the group can mould the
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Figure 2. Design of the evaluation of the curriculum conference
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Performance requirements in office automation (0A)
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— starting the system;

— data entry and data modification;

— working with menus;

— capable of reading instructions (manuals);
— working with integrated software packages;
— handling of output, listing;

— storage of data carriers.

Research on school leavers has pointed out that 16 per cent of the certifi-
cated students have found a job within 0 to 12 months after leaving school.
Only 4 per cent of the population, however, worked with computers in 1985.
Therefore it seems to be more appropriate to identify the performance
requirements that are relevant for further training in administration because
of the expected growth of automation in The Netherlands (Mulder and van

Lent, 1988).

Performance requirements in flexible production automation (FPA)

The main characteristic of FPA is that rather independent working places and
machinery will be integrated into group technology, controlled by some
closely cooperating workers. Controlling the complex total of production
methods requires knowledge of the relations between the various machines
and machine parts and of the technological meaning of the sequence of
production phases. We observed a much closer link between work prepara-
tion and production in the companies than we expected from our knowledge
of the literature or from interviews with experts. This implies a much greater
knowledge and (meta-)skill level for trainees and school-leavers than was
expected. This is particularly true of a more general knowledge about
planning, management of organizations and connections between parts of the
organization, which is crucial when working with automated systems. Rep-
resentatives of 20 companies have stated the following performance require-

ments:

— general knowledge of informatics (computer science);
— digital control technique;
— electronics;
— computer-aided design (CAD);
— robotics and process controlling;
— practical skills in traditional mechanical engineering, like milling, turning,
lathing, installing;
— knowlege of tools and materials on computer numeric controlled (CNC)
machines;
~ — subject matter (disciplines) like mathematics, stereometry and geometry
will again become important;
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from business and industry have more problems in explicitly and specifically
formulating the necessary performance requirements. Their statements are
rather global, whereas participants from the vocational system are used to
formulating and specifying competencies. This might seem a trivial conclu-
sion, and indeed it is, but it means that a mix of information sources for this
group to analyse performance requirements might be very helpful and in-
structive. A second point concerns the preferable kind of instruction mode.
Companies do not prefer computer simulation as an instruction tool, or
instructional production machines, as the only preparation for work with very
expensive computer numerically controlled (CNC) machines. They favour
modest use of this new equipment, as well as conventional techniques of
training.

The curriculum conference: processes and products

The CC as an approach to determining the design of a curriculum including
instructional or training objectives has been effective but only partly efficient
because of difficulties with the rating of statements at the preparation stage of
the participants. The content dimension as used in the Olbrich and Pfeiffer
taxonomy proved to be multi-interpretable and the scoring of the behavioural
component was not clear. During the sessions these problems could be
corrected, but it caused a partial loss of the data of the pretest.

The taxonomy for the analysis and rating of performance requirements
ought to facilitate and structure the decision-making process. In practice,
however, the use of taxonomies requires some kind of training. We tried to
offer a ‘simple’ part out of the taxonomy of Olbrich and Pfeiffer, because
validation processes must not be blocked by complex instruments. Certain
well-defined clusters of generic knowledge, skills and attitudes on NIT
applications related to OA and FPA systems have been formulated and
justified and will presumably be translated into curricula. Corporations and
non-profit organizations can provide additional specific competence-based
training (on the job).

The generic training objectives

List of generic training objectives were compiled as a result of the curriculum
conferences. This, however, proved to be no simple process of bargaining or
deliberation, because the relationships between relevance and transferability
of both lateral and vertical objectives within jobs had to be conjectured. The
process of deliberation was sometimes tough and intensive, but open and
constructive, and led to 51 objectives for OA and 68 for FPA. These
objectives were grouped into main clusters, most of them induced from the
_prestudies and the school curricula (see Table 1).
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Table 2: Indication of the relevance and level of generic training objectives in office
and flexible production automation

Office automation Flexible production automation

Cluster K1 K2 K3 S1 S2 S3 Cluster KI K2 K3 S1 S2 S3
1 X Not relevant 1 * *
2 * * 2 * X
3 * * 3 X X
4 X * 4 * X
5 * * 5 X X

6 X X

7 X *

8 * *

9 * *

10 X X
Cluster 1 to n, see Table 1.
K1 = knowing S1 = observing X = important
K2 = understanding S2 = handling » = absolutely necessary

K3 = application S3 = executing

K4 and S4. No school-leaver or new employee can be expected to show
complete mastery of a job; moreover, generic skills must give him or her the
opportunity to learn and train in the future (on the job—off the job) in order
to reach full competence and qualifications.

Table 2 presents the dominant scores on the knowledge and skill aspects in
each cluster, showing relative importance and level of mastery. In this table,
the mean of the unanimous subgroup scores are indicated. For a good
understanding of the measure it is necessary to give some background
information. During the curriculum conference the group as a whole is
striving to reach consensus. It proved not be be realistic and feasible to
discuss all the possible performance requirements in one group, so we
decided to cover the whole by splitting up the group in five subgroups of four
persons. Every group would take half of the main categories in such a way
that the whole task was covered. Each group should argue the various aspects
and reach consensus by rating and ranking. The mean score of all subgroup
scores was taken as the criterion for decision-making.

As we can see from this table the conference members decided also to
exclude the K1 and S1 objectives. The rationale is that knowing and observ-
ing are prerequisites for the other levels, but can be seen as basics, not as
generic objectives with transferability. So the main categories are understand-
ing (K2), application (K3), handling (S2), and executing (S3). Further, there
is a strong correspondence between the cognitive and skills level. This means
that understanding and handling, on the one hand, and application and
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preparation proved to be successful in two cases, office automation and
flexible production automation.

The conference is a generic method, a problem-solving method by groups,
and its strength is based on a combination of expertise, rationality, coopera-
tion and intelligence, which will lead to valid and reliable outcomes.

In our case we tried to find generic training objectives for two vocational
domains closely connected to NIT. Although we did succeed, some practical
and methodological issues have not yet been completely solved and need
further discussion.

DISCUSSION

In this chapter the curriculum conference method as a tool was the central
element in the process of generating and justifying instructional objectives for
vocational training in new information technologies. We opted for this
method because of our earlier experiences of it in the printing industry, and
other experiences we had in combination with the National Institute for
Curriculum Development in The Netherlands (SLO). Moreover, the con-
ference is based on explicit assumptions on rationality and consensus-building
from the argumentation theory of the Erlanger Schule (Frey, 1982; Hameyer,
Frey and Haft, 1983; Nijhof, 1985) and on the generic guiding model from
Frey and from Aregger (1973).

The conference is of practical use in the sense that the procedural specifica-
tions are clear, and are very open to the user. We, for instance, decided to use
the taxonomy of Olbrich and Pfeiffer (1980) in order to arrange and rearrange
the complexity of information and possible instructional objectives.

The conference model is quite suitable for research and evaluation pur-
poses. Different studies are still in progress, comparing the processes and
effects of the DACUM method and the curriculum conference (Hesse and
Nijhof, 1988).

In this section we first discuss some problems related to the curriculum
conference as a method, and second we will discuss the question of the
implications of the generic skills for training and transfer.

The curriculum conference as method: some problems

The selection of participants is a crucial part of the CC. The question is who is
the right person to participate in the decision-making process. There is no
single and simple answer to this question. We distinguish fifteen personal and
group criteria. The personal criteria are: knowledge of the target group, of
the subject, and of job practice, communication skills, and positive attitude to
education and training. Group criteria are: company size, sector of economic




not free to speak openly.

Even so, the group composition wilj influence the resuits. For purposes of
nomomﬂo.? to control the process variables, the selection of participants has to
vo carried out by means of well-defined criteria. Selection on the basis of an
ideal group profile might be a solution.

Hrm. information document is a crucial source in the CC. Although these
Emﬁ.ﬁmw were available tep days or more before the CC, a certain number of
participants Q.E not read them or refused to fill in the working document. The
consequence is a (partial) loss of data and a (partial) loss of reliability of the
analysis and determination process due to the
level. Part of the problem was that participants did not understand the
Bx.o:o:d\ to be used in order to rate the cognitive and skii] aspects of the job.

period of time, or do they stand only during the conference days? If not, the
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whole content and structure of the existing curricula together with the frame
factors have not been part of the BAVBO project. For an implementation of
these objectives in schools and training centres, curriculum teams have to be
built with specific knowledge of the frame factors of mechanical engineering
and with knowledge of the total structure of the curriculum.

Impilications for transfer and training

In this last subsection we will discuss some implications of generic training
objectives for instruction and for transferability.
Let us remind the reader of the fact that the focus of research was to
generate generic skills and objectives related to new information technol-
ogies. Thus the main focus of the project was curricular in nature, that is to
say, the ‘what’ question had to be answered. The question is, however,
whether we can justify objectives that cannot be implemented in instruction
or do not have the expected transferability. The quality of transfer was the
most crucial point in the definition of generic skills. We have seen that the
participants of the conferences decided to exclude two levels of objectives,
the simple level of knowing (cognitive aspect) and observing (skills aspect)
and the level of evaluation (cognitive aspect) and mastery (skill aspect). The
question is whether or not the two other levels in the taxonomy of Olbrich
and Pfeiffer have transfer abilities in principle. This depends on the definition
of transfer, of course. ‘In general terms, the word transfer refers to the
influence of learning in one situation or context upon subsequent learning in
another situation or context. Thus we would be concerned with transfer when
we studied . . . the effect of learning in school on performance outside school
or, more generally, the effect of past learning on present learning’ (Ausubel
and Robinson, 1969, p- 136). According to the theory of transfer Ausubel and
Robinson distinguish three forms of transfer: lateral, sequential and vertical.
Lateral and sequential transfer are essentially horizontal in that the learner
Stays within the same behavioural category in making a transfer (p- 138).
Vertical transfer, however, facilitates learning from one behavioural level to a
higher behavioural level, for instance comprehension can lead to problem-
solving. If we stay within the taxonomy of Olbrich and Pfeiffer we know that
the generic objectives have been formulated at the level of understanding
Ano::u:wrn:&osv and application, for the cognitive aspect. The skills aspects
were handling and executing. From the connotations and descriptions of
Olbrich and Pfeiffer we know that at these levels rule learning will take place
and generalizations will be fostered by using similar situations, cases and
circumstances. Also, in principle, all objectives must have transferability
when the participants and the research staff have checked and formulated
them according to this principle.
Iosm<m? the kind of transfer might differentiate between lateral, sequen-
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tial and vertical transfer. In office automation, for instance, within the
domain of text processing, we must ask whether training with ‘word perfect’
will lead to lateral tansfer to other text-processing packages or whether
knowledge of the basic principles of mathematics and electronics will lead to
problem-solving in programming CNC machines (vertical transfer)
How 5.@ training should be carried out for generic objectives is an interest-

instruction Aon-ﬁrn._,oclom.ﬂrm;.oclm:-mn?mnn training) would be the best at
what stage of experience. We received no clear answer. The use of modern
equipment, teaching machines, simulation apparatus, CNC machines are
encouraged in mechanical engineering, but in a very wise arrangement. In

effects (better retention of older learning, better results on standard tests,
significantly better problem-solving behaviour and so on). However, first of
all we need instructional plans and curricula based on generic objectives.
Once these have been supplied the proof will follow.
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7. Mimicking the Training Expert:
A Basis for Automating Training Needs
Analysis

Andrew Shepherd and C. J. Hinde

SUMMARY

Training needs analysis (TNA) relies upon the expertise of human analysts to
supplement the formal task analysis methods of occupational psychology.
Therefore, providing a computer-based approach to TNA entails mimicking
the human expert. An approach to TNA, based on modelling organizations
with task and context prototypes, is described.

INTRODUCTION

Training analysis and design has been a central issue in occupational psychol-
ogy for many years. A major preoccupation has been the development of
formal methods of task analysis to identify training needs leading to training
design. These are reviewed by Patrick (1980). The main approach has been to
break tasks down and categorize the resultant task elements according to
psychological types from which training hypotheses can be inferred; for
example Miller’s information processing approach (for example 1967) or
Gagne’s conditions for learning taxonomy (for example 1970). An implicit
aim of this work is to provide techniques enabling unambiguous training
decisions to be made without reliance upon the skills of the analyst. People
inexperienced in training analysis could thus make reliable practical training
decisions by applying straightforward rules or procedures. Unfortunately,
such techniques can never be applied so easily. Diagnosis of a training
problem and the selection of training conditions are substantially influenced
by contextual factors such as technology, safety, profitability, custom and
practice and organizational culture. Hence, training analysis and design
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