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Current general practice among teachers is to isolate themselves and their students from colleagues in
other disciplines. In career and technical education, it is assumed that beyond soft skills such as time
management and problem solving, program areas have little in common that could necessitate
interdisciplinary collaboration. This study, which largely comprised analysis of competency lists of nine
different occupations, however, discovered that in addition to soft skills, program areas have numerous
technical skills such as safety, maintenance of equipment, and technology use which they have in
common. When a focus group of teachers was presented with a list of technical skills that were
common among different program areas, all the teachers were surprised at the extent of portability of
technical skills across occupations. The results of the study inspired the teachers to consider
interdisciplinary collaboration.
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INTRODUCTION

As Schulman (1993) and Palmer (1998) and others
observed, one characteristic from which the teaching
profession needs to be delivered is pedagogical solitude.
Unlike in most professions, the trend in teaching is for
teachers to work in silos while at the same time
legitimately claiming membership to active communities
such as subject-based departments, teachers’ associa-
tions or unions. Typically, a teacher works alone in
performing the core functions of the profession, namely
lesson planning, lesson delivery, and assessment. Over
the last three decades, several authors have called for an
end to this silo syndrome (see for instance Schulman,
1993; Khan, 1993; and Quinlan, 1998) because ‘we
might best learn about teaching by working together and
sharing our experiences and insights with our peers”
(Quinlan, 1993, p.43). This phenomenon of pedagogical
solitude is interesting because it seems to contradict the
mantra of ‘collaborative teaching/learning’ which is
trending in academia (Efthymios et al., 2009; Pliner et al.,
2011; Schneider and Pickett, 2006; Dugan and Letterman,
2008; Letterman and Dugan, 2004).

In the case of career and technical education (CTE), the
case for demolishing teachers’ silos is even more
compelling because of the nature and magnitude of
workplace changes and employers’ expectation that
schools and colleges should turn out graduates who can
cope with the technological and social changes in the
workplace. One of the key competencies of today’'s
workforce is the ability to work in teams (Gow and
McDonald, 2006; Robinson, 2000). The relevance of this
competency to the pedagogical solitude discourse needs
little emphasis. It is not enough to tell students the virtue
of teamwork when teachers themselves work in isolation.
This would be akin to the adage ‘Do as | say not as | do’.
By practicing team teaching and other collaborative
approaches to teaching, teachers would be fostering the
spirit of teamwork among students through modeling
because, as psychologists have pointed out, students
learn many of the behaviors that they exhibit by obser-
ving and modeling what others around them (teachers
included) do (Bandura, 1977).

Another justification for interdisciplinary collaboration in
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career and technical education programs is the existence
of workplace-related skills that all students are expected
to learn regardless of their future occupations. Teachers
could work collaboratively in the teaching of such skills,
variously called generic skills, transferable skills, portable
skills, employability skills, or workplace readiness skills.
Examples of these skills are time management, commu-
nication skills, team work, problem solving, numeracy
skills, and interpersonal skills (Curtis, 2004; International
Labor Organization, 2007; Jelas and Azman, 2005;
Robinson, 2000). As will be noted from the examples of
the skills given above, in the literature, the focus in the
discussion of portable skills has tended to be on soft
skills, which can be defined as “the interpersonal, human,
people or behavioral skills needed to apply technical
skills and knowledge in the workplace” (Weber et al.,
2009). Not much has been said in the literature about
hard or technical skills that are portable.

This article, therefore, contributes to the pedagogical
solitude discourse by reporting a study that found that
different occupations have a significant number of hard or
technical skills they have in common. That finding
provides yet another justification for interdisciplinary
collaborative teaching in career and technical education
programs.

LITERATURE REVIEW

The workplace of our century has changed and is
constantly changing. One of the dynamics of today’'s
workplace is the indefiniteness of job security (Gow and
McDonald, 2006). Whereas in the past it was important to
lay emphases on skills enhancing job security, now
equally (and perhaps even more) important are skills for
mobility from job to job (Mounier, 2001). According to
Darling-Hammond (2010), it is estimated that today’s
workers will change jobs ten times before reaching the
age of 40 and most of those jobs will require knowledge
and skills to use technologies that are not yet in
existence. Little wonder that employers are putting
premium on skills that enhance worker flexibility, which
comprise both soft and hard skills (Bell, 1990). Gibb
(2003) gave the following classification of soft or generic
skills which are portable across jobs:

1. Basic/fundamental skills: such as literacy, using num-
bers, using technology.

2. People-related skills: such as communication,
interpersonal, team work, customer service skills.

3. Conceptuallthinking skills: such as collecting and
organizing information, problem-solving, planning and
organizing, learning-to-learn skills, thinking innovatively
and creatively, systems thinking.

4. Personal skills and attributes: such as being res-
ponsible, resourceful, flexible, able to manage one’s own
time, having self-esteem.

5. Business skills: such as innovation skills, enterprise
skills.

6. Community skills: such as civic or citizenship
knowledge and skills.

As a United Nations body charged with the responsibility
of promoting labor matters in the world, the International
Labor Organization (ILO) (2007) advised member states
to equip workers with skills that would help them cope
with rapid technological changes and hence contribute to
workers’ employability. The ILO classified portable skills
into the following types:

1. Soft or Core Skills

a. Social Skills, for example, ability to work in teams.

b. Communication Skills, for example, ability to interpret
graphic information

c. Personal Behavioral/Ethical Skills, for example, ability
to make sound judgments.

d. Learning Skills, for example, ability to acquire new
knowledge.

e. Cognitive/Problem Solving Skills, for example, ability to
analyze and solve business or technical problems.

2. Vocational and Technical Skills, for example, ability to
apply technical or business competencies in a work
setting.

The two classifications of portable skills mentioned above
have at least one thing in common. Both, like many other
classifications in the literature (for instance, Curtis, 2004),
have more to say about portable soft skills than hard
technical skills. Probably this is because technical skills
are considered to be less portable than soft skills, as ILO
(2007, p.3) indicated:

Vocational skills become general as a consequence of
standardization of products and processes and diffusion
of similar technologies between enterprises. By contrast,
skills in applying the basic principles and techniques of a
trade are specific to particular industries and their
transferability is limited to these boundaries. Furthermore,
specific skills and knowledge which are entirely job-
related or firm-specific which workers acquire in
enterprises specialized in narrow product or service
niches, are almost non-transferable.

This paucity of information about technical portable skills
was the motivation for this study.

METHODOLOGY

The data for this study was collected from Zambia, a developing
African country with which the researchers’ department has ties.
Zambia recently revised its vocational and technical education
policy to make it more demand-driven. The theme of this study was
of special relevance to Zambia because it shed light on the
application of portable skills to the development of demand-driven



training programs. Furthermore, it was assumed that a study focu-
sing on portable technical skills and the potential for collaborative
teaching would have an economic appeal to a developing country
where the inadequacy of training resources would be more critical
than in a developed country.

This study used a combination of qualitative and quantitative
research methodologies. The study design consisted of the
following procedures in addition to a review of literature:

1. Selection of occupational competency lists from which to identify
portable technical skills: Three occupational clusters were selected
(namely construction, mechanical engineering, and electrical
engineering). The selection of the three clusters was based on the
range of competency lists made available for this study by Zambia’s
training authority. From each cluster, three occupational areas were
selected as follows: (a) Construction Cluster: Building (masonry),
carpentry and joinery, and painting, Decoration and Graphics
(PDG); (b) Electrical Cluster: Electrical craft, electronic systems
maintenance, and telecommunications repair; and (c) Mechanical
Cluster: fitting, machining, and metal fabrication.

2. Analysis of competency lists from the selected occupations: The
competency lists for the nine selected occupational areas were
analyzed to identify portable technical skills within and across each
of the selected occupational clusters;

3. Validation of the list of portable skills by instructors: The list of
portable technical skills generated from the analysis of competency
lists was validated by instructors from a Zambian technical college,
who were familiar with the competency lists; and

4. Determination of classroom implications: A focus group discus-
sion using the nominal group technique (NGT) was conducted with
instructors to determine the classroom implications of the identified
portable technical skills; and

5. Determination of labor market implications of the identified
portable technical skills: A focus group discussion using the NGT
was conducted with employer representatives in Zambia to deter-
mine the labor market implications of the identified portable
technical skills. The employers were mainly from the Informal Micro-
Enterprise (IME) sector because that is the sector employing the
majority of technical and vocational education and training (TVET)
graduates in Zambia. According to Haan (2006), the IME sector
contributes 78% to total non-agricultural employment in Africa.

The first focus group meeting conducted in this study was with the
thirteen instructors who had participated in the validation of portable
technical skills. The rationale for holding a nominal group technique
session with trainers was to get their views on possible classroom
implications of the list of portable technical skills. The second
meeting was held with a group of nine participants consisting of: (a)
seven representatives of industries that employ graduates from the
programs on which this study was based; (b) one instructor
identified by the principal from the members of the instructors’ focus
group participating in this study; and (c) one investigator facilitating
the discussion. Selection of employers was based on the following
criteria:

1. Must be from the Informal Micro-Enterprise (IME) sector or formal
enterprise employing TVET graduates who include those from the
nine different occupations comprising the sample of this study; and
2. Must be either a shop floor supervisor or a director.

Each focus group had one session during which participants
answered the following questions:

1. (For instructors) In what ways can the list of portable technical
skills that have been presented to you be used to enhance the
quality of training provided for students at your institution?
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2. (For employer representatives) In what ways can the list of
portable technical skills that have been presented to you be used to
respond to labor demands in your enterprise?

RESULTS

The study discovered 696 portable skills in a sample of 9
different occupations. Examples of the skills, which
included the ones listed below, are shown in Table 1,
Table 2, and Table 3.

- Safety precautions and procedures
- Brazing

- Welding

- Maintenance of equipment

- Use of drilling machines

- Drawing and sketching

- Care of hand tools

- Use of computers

The extent of portability of skills across occupational
boundaries varied within clusters of occupations as well
as across clusters as shown in Tables 4 and 5. In the
whole sample of occupations, the pair with the highest
number of portable skills was fitting/machining, with a
total of 504 skills, followed by fitting/metal fabrication,
with 459 and then machining/metal fabrication, with 431
portable skills. These pairs belonged to the mechanical
engineering cluster, which was the cluster with the
highest number of portable skills.

The cluster with the second highest number of portable
skills was electrical engineering. In this cluster, the pair
with the closest relationship as determined by number of
portable skills was electrical system maintenance/
telecommunication repair, with 357 portable skKills,
followed by electrical craft/telecommunication repair, with
337 portable skills, and then electrical craft/electrical
system maintenance, with 319 portable skills.

The cluster with the lowest number of portable skills
was construction engineering. In this cluster, the pair with
the closest relationship was masonry/carpentry and
joinery, with 285 portable skills, followed by masonry/
painting, decorating, and graphics, with 255 portable
technical skills, and then carpentry and joinery/ painting,
decorating, and graphics, with 238 portable skills.

One major interpretation of these statistics is that
workers within the mechanical engineering cluster have
the greatest capacity for mobility from one occupation to
another within their cluster with not much on-the-job
training. With respect to classroom implications, this
cluster of occupations offers teachers greater opportu-
nities for collaboration than does any other cluster in the
sample.

In the sample, there was also evidence of relationships
of occupations across cluster boundaries, as shown in
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Table 1. Examples of portable technical skill areas between electrical engineering and mechanical engineering clusters

Pairs of occupational areas

Examples of Portable technical skill areas

Electrical craft with fitting

Electrical craft with machining

Electrical craft with metal
fabrication

Electronic system maintenance
with fitting

Electronic system maintenance
with machining

Electronic system maintenance
with metal fabrication

Telecommunication with fitting

Telecommunication with
machining

Telecommunication with metal
fabrication

Engineering drawing using standard views, and both conventional and GD and T dimensioning and tolerance
techniques to describe form, orientation, and location accurately; converting orthographic projection in to
isometric projection; hot wire welding; word processing; emailing.

Purposes of dimensioning; differences between dimension line, extension line, leaders etc.; geometric
dimensioning and tolerance (GD and T); multi-view and auxiliary view drawings; maintenance of oxy-fuel
cutting equipment.

Symbols and conventions; producing lines by use of computer; basic operations of C.A.D; commonly used
project drawings using Auto-CAD; explain principles of gas welding.

Types of cells; electro chemistry; semiconductors and thyristors; semiconductor theory; fractions and
percentages; word processing; emailing.

Nature and sources of electricity; basic laws in electricity (Ohms Law and Kirchhoff's Law); behavior of passive
components in AC circuits; welds in various positions.

Magnetism and its effects; magnetism and its application to instruments; repairing electrical components;
graphs demonstrating reduction of non-linear laws to linear form; graphs with logarithmic scales; maintenance
of oxy-fuel cutting equipment.

Electrical energy; fuses; lamps; behavior of passive components in ac circuits; values of passive and active
components; manual and machine oxy-fuel cutting.

Magnetism and its effects; magnetism and its application to instruments; repair of electrical components; types
of resistors; flat position welding.

Riveting; adhesives; electrical connections; brazing; types and uses of joints; calculating angles and sides by
using the Pythagoras theorem.

Table 2. Examples of portable technical skill areas between construction and mechanical engineering.

Pairs of Occupational Areas

Examples of portable technical skill areas

Building (masonry) with fitting

Building (masonry) with machining

Building (masonry) with metal
fabrication

Carpentry with fitting

Carpentry with machining

Carpentry with metal fabrication

Painting and decorating with fitting

Painting and decorating with
machining

Painting and decorating with metal
fabrication

Types and uses of marking out tools; types and uses of hand tools; care, storage and maintenance of
marking out tools; care, storage and maintenance of hand tools.

Care, storage and maintenance of hand tools; safety procedures; marking tools; cutting tools; word
processing; emailing.

Types and use of measuring tools; principles of measuring instruments; using measuring instrument;
classification of workshop measurement errors.

Grinding machines; metal rolling machines; use of drilling machines; power saws; turning operations.

Types and uses of hand tools; metal rolling machines; drilling machines; care, storage and maintenance of
hand tools; use of drilling machine; word processing; emailing.

Care, storage and maintenance of marking out tools; drilling machines; types and uses of hand tools; word
processing; emailing.

Hand-drawn technical sketches using regular and isometric grid paper; line types from the alphabet of lines
for drawing and sketching; Inclined and vertical style hand-lettering.

Hand-drawn technical sketches using regular and isometric grid paper; line types from the alphabet of lines
for drawing and sketching; inclined and vertical style hand-lettering.

Hand-drawn technical sketches using regular and isometric grid paper; line types from the alphabet of lines
for drawing and sketching; inclined and vertical style hand-lettering.
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Table 3. Examples of portable technical skill areas between construction and electrical engineering clusters of occupations.

Pairs of occupational areas

Examples of portable technical skill areas

Building (masonry) with electrical craft

Masonry with electronic system maintenance

Building (masonry) with telecommunications
repair

Carpentry with electrical craft

Carpentry with electronic system maintenance
Carpentry with telecommunications repair
Painting and decorating with electrical craft

Painting and decorating with electronic system
maintenance

Painting and decorating with
telecommunications repair

First angle; third angle; dimensional drawings; word processing; emailing.

Drawing instruments; maintenance of drawing instruments; word processing;
emailing; scales for different drawings.

Simplifying and evaluating expressions using the properties of logarithms;
exponential equations;

Introduction to cutting machines; grinding machines; metal rolling machines;
drilling machines; word processing; emailing.

Multiples and submultiples; S | units; measuring length, angle and weight.

Types and uses of joints; mechanical fasteners; riveting; adhesives; word
processing; emailing.

Stress and strain; Young’s Modulus of elasticity; types of stresses and strain.

Types and use of measuring tools; principles of measuring instruments; use of
measuring instruments.

Care and storage of measuring instruments; use of measuring instruments;
types and uses of marking out tools

Table 4. Distribution of portable technical skills between pairs of occupational areas within clusters of occupational programs

Total portable  Average number Ranking of pairs

Cluster Pairs of occupations skills between  of portable skills according to strength
each pair between pairs of relationship
Mechanical Fitting with machining 504 1
echanica Fitting with metal fabrication 459 2
Engineering - . . 465
Machining with metal fabrication 431 3
Electronic system maintenance
. A . 357 4
with telecommunications repair
Elec_trlcal_ Electrical cre_n‘t V\_/lth _ 337 338 5
Engineering telecommunication repair
Electrical craft with electronic
. 319 6
systems maintenance
BU|Id_|r_lg (masonry) with carpentry 285 7
and joinery
Construction Building W_|th painting, decoration, 255 259 8
and graphics
Carpentry and joinery with 238 9

painting, decoration, and graphics

This exemplifies the fact that capacity for worker mobility
is not limited to transferability within occupational clus-
ters. It also shows that interdisciplinary collaboration by

Table 5. For instance, there were 387 portable skills
between electrical craft (in electrical engineering cluster)
and metal fabrication (in mechanical engineering cluster).
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Table 5. Distribution of Portable Technical Skills across Clusters of Occupations.

Portable Skills between

Comparison of Clusters Occupational Areas Pairs Ranking
Electrical Craft with Metal Fabrication 387 1
Electrical Craft with Machining 359 2
Electrical Craft with Fitting 367 3
Telecommunications Repair with Fitting 293 4
Electrical with Mechanical Telecommunications Repair with Machining 296 5
Engineering Electronic Systems Maintenance with Fitting 284 6
Electronic Systems Maintenance with Machining 277 7
Telecommunications Repair with Metal Fabrication 292 8
Electronic Systems Maintenance with Metal
S 277 9
Fabrication
Carpentry and Joinery with Metal Fabrication 290 1
Building (Masonry) with Metal Fabrication 269 2
Painting, decoration with Fitting 260 3
Constructi ith Mechanical Painting, decoration with Metal Fabrication 256 4
Eggisngﬁi:%n w echanica Carpentry and Joinery with Fitting 253 5
Carpentry and Joinery with Machining 252 6
Building (Masonry) with Fitting 239 7
Painting, decoration with Machining 217 8
Building (Masonry) with Machining 211 9
Carpentry and Joinery with Electrical Craft 283 1
Painting, decoration with Electrical Craft 266 2
Building (Masonry) with Electrical Craft 226 3
Painting, decoration with Telecommunications
. 205 4
Repair
Carpentry and Joinery with Telecommunications 201
Construction with Electrical Repair
Engineering Building (Masonry) with Telecommunications Repair. 191 6
Carpentry and Joinery with Electronic Systems
. 183 7
Maintenance
Painting, decoration with Electronic Systems
: 181 8
Maintenance
Building (Masonry) with Electronic Systems
; 176 9
Maintenance.
All Clusters All occupational areas 152

teachers can be done beyond occupational clusters.

A comparison of Table 4 and Table 5 will show, for
instance, that carpentry and joinery (in the construction
engineering cluster) had 290 skills in common with metal
fabrication (belonging to mechanical engineering) and yet
had 285 skills with masonry (belonging to the construc-
tion engineering cluster to which carpentry and joinery
also belongs). Similarly, electrical craft (in electrical engi-
neering) shared 387 portable skills with metal fabrication
(belonging to mechanical engineering) and yet within its

own cluster the average number of portable skills bet-
ween occupational pairs was 338.

Presented with the list of portable skills generated from
the sample of this study, a teacher’s focus group ob-
served that awareness of the existence of portable tech-
nical skills would allow a common approach to delivering
these portable skills. They also observed that portable
skills could be delivered by one instructor to all the
different classes whilst the other teachers concentrated
on other duties.



The focus group of employer representatives affirmed the
significance of portable technical skills and recommended
that training institutions should design and conducts short
training programmes focusing on portable technical skills
to give graduates the flexibility and adaptability needed in
informal sector industries.

Commenting on the results of the focus group dis-
cussions, a principal who was on the focus group said: “It
has revealed some of the things that we were not aware
of, that is, the similarities of the portable skills across the
courses. The study provides a platform for effective
planning of the delivery of various training modules for all
the courses, taking into consideration the portable tech-
nical skills.”

DISCUSSION

Looking at the comments collected from the teachers’
focus group discussion, it would appear that the teachers
were not aware of the extent of similarities of skills across
disciplinary boundaries. If the reason for the silo
syndrome among teachers in career and technical edu-
cation was that teachers thought their task lists did not
have much in common beyond soft skills, this study
indicated that there were in fact a significant number of
portable technical skills. By identifying the 676 portable
skills and demonstrating how these skills are distributed
among pairs of different occupations, the study showed
the need for teachers in career and technical education to
seriously consider intra- as well as interdisciplinary colla-
boration. It was particularly interesting to note that some
occupations had more in common with occupations
outside their own clusters than with occupations within
their clusters. These statistics point towards a need for
teachers to familiarize themselves with competency lists
of programs other than their own and identify oppor-
tunities for collaboration within and across disciplines.

In making a case for demolition of teachers’ silos
through collaboration, it is not assumed that there are no
pitfalls along that path. To begin with, there is little empi-
rical evidence confirming correlation between collabora-
tive teaching and students’ academic growth (Corcoran
and Silander, 2009). Furthermore, collaboration is known
to be associated with a number of problems such as loss
of individual autonomy, conflicts arising from un-clarified
roles of team members, and negative impact on research
because of too much time spent on joint planning
(Letterman and Dugan, 2004; Reig, 2009). Collaboration
also works against cultural norms in a society that
promotes competition rather than cooperation (Rossen et
al., 2008). These challenges, along with the fact that
teachers’ tendency to work as individuals is a product of
the way they were inducted into the profession, seem to
justify the silo syndrome. These and many other con-
straints notwithstanding, there is a strong case for

Mukuni and Price 27

demolition of teachers’ silos in career and technical
education. The global workplace for which students are
being prepared is characterized by teamwork and small
group activities (Cole, 1989; Bailey et al., 2005; Cleary et
al., 2006), which, according Misumi (2001) are the driving
force behind Japan’s competitive edge in the international
market. Misumi reported that since 1969 when small
group activities began in Japan, they have produced
positive results and have therefore spread like wild fire to
many companies.

Through promoting collaborative teaching, teachers will
prepare students by modeling for their future role as
members of workplace teams. Any pitfalls lying along the
path of teacher collaboration are not without solutions.
Many authors have suggested some strategies for over-
coming the challenges of collaboration (see for instance
Rosen et al, 2008; Sneider and Picket, 2004; Quinlan,
1998). The main point is that collaboration has to be well
planned and all the possible pitfalls have to be identified
at the planning stage, discussed, and resolved before the
collaborative activities are implemented.

CONCLUSION

This article has contributed to the pedagogical solitude
discourse by arguing that teachers in career and tech-
nical education (particularly those in technology pro-
grams) teach a considerable number of technical skills
that are transferable from occupation to occupation, as
exemplified in the study reported in this article. The article
has conceded that collaborative teaching comes with
challenges that appear to justify the silo syndrome.
However, in the case of career and technical education,
the rationale for engaging in collaboration within and
across occupation boundaries should motivate teachers
to identify any possible challenges and devise strategies
for overcoming them.

The sample of occupations used in this study was
drawn from engineering programs. There is need for
similar studies broadening the sample to include
programs outside engineering. In the literature, the need
for engineers to learn portable soft skills has been
discussed (see for instance Florman, 1979; Kumar and
Hsiao, 2007; Puiko and Parikh, 2003). However, little has
been said about portable technical skills among non-
engineers. Given that the workplace is constantly being
impacted by technological changes (Manning, 2004), it
can be assumed that all workers regardless of whether
they are in engineering or business disciplines need
some engineering skills enabling them to cope with
technological changes affecting their jobs. There is,
therefore, need to establish empirical evidence of such
skills through a study investigating the nature and signifi-
cance of portable technical skills in non-engineering
occupations. Such a study would contribute to the
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determination of the full extent of portable technical skills
across all CTE program areas, which in turn would have
implications on the collaborative teaching discourse.
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