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Abstract - Developing the technical competence and job satisfaction of engineers in a
manufacturing firm is clearly a critical component of the firm's competitive edge. This
study looks at these aspects of an engineer’s work life and career along with the issue of
development of technical competence. This study of 20 manufacturing engineers and 20
design engineers from a full range of low to high technology companies endeavors to link
job satisfaction with technical competence. A number of related issues are investigated

and in the end much of the statistically significant results came from these peripheral areas.

l. Introduction

With the rapid growth of technology-related industry, the need for highly skilled
engineering personnel also increases at a high rate. Although it is well known that
engineering knowledge in fast-growing fields can become obsolete in 3 to 5 years,
technically competent engineers have increasing opportunities to change to new,
challenging jobs [38]. This causes the high turnover rate in the industry, which is a
concern to engineering managers and company executives. One source states that the
main sources of uncertainty in an organization are related to technology and the nature of
the organization itself [42]. Clearly, the technologists in the organization are a key to
getting on top of this changing situation, hopefully somewhat stabilizing it. So, retaining
technologist is very important to the functioning and competitive edge of a firm, but
financial incentives alone cannot retain these engineers [39]. To retain these personnel,
the companies must strive to make their employees satisfied [47]. There are a number of
important factors relating to job satisfaction for engineers that have been identified by
prior research models [4], [6], [18], [12], [29], [45], [48], [54]. This includes the many
factors found in the motivational theories, industrial programs such as job enrichment
and a whole variety of integrated organizational-development structural changes with

most of the important factors confirmed through studies.
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However, as students in an engineering management program, we have attempted
to focus on two factors that may directly or indirectly affect job satisfaction, and

ultimately retention.

The first factor is the engineer’s technical competence since all engineering jobs
require some level of technical skills and few engineering jobs remain static.
Specifically, technical competence fits into the above back drop of exhaustive
motivational research through the similitude of self actualization theories and an
engineers relation to technical competence [15]. Our approach clearly limits sources of
variation, but technical competence also is complicated by issues such as interaction of
various aspects of competence and the organization model for measuring and harnessing

competence [11], [36].

The second factor we are interested in is the relationship between technical
development and technical competence because we believe that they are related. We
have divided technical development in two parts: formal technical training, in which an
engineer has training away from work, and on-the-job training, or job content, in which

engineers develop technical skills as a result of work experiences.

As we did a literature search on job satisfaction and technical competence, we
found that there was no clearly established relationship between them despite other
research relating competence to job content and other studies showing relationships
between job content, motivation and satisfaction. Thus, this may be a good opportunity

for research to fill the gap.

I1. Building a model

A huge wealth of research exists, from a variety of disciplines (behavioral science
to organizational theory), concerning all aspects of work dynamics, performance, content
and motivation. And yet many opportunities for integration of research models has not

been capitalized on. For instance the following model, see figure 1, is not found in this
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paper’s bibliography, but the relationships of each adjoining box is found in various

literature, except for the relationship of Technical Competence and Job Satisfaction [13],

[15], [24], [49].

Briefly, a definition of competence is the act of doing the job, the work itself.

For an engineer, work in and of itself is a main motivational factor.

Motivation is found

to be a measure of Job satisfaction. But finally, only a relatively peripheral finding of

one study found a relationship between Technical Competence and Job Satisfaction

[51].

Figure 1: Relationships found in literature.

Work
(Job Content)

Motivation

I

Technical
Competence

\ 4

I

Job

Satisfaction

Technical Competence and Job Satisfaction shared a tenuous correlation in a

study of Herzberg’s motivation theories while implementing quality improvement [51].

The use of motivators carried a positive relationship with project success and job

satisfaction. Some relationship was inferred between feelings of competence and

completion of the task and is clearly identified in behavioral science [10].
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1. HYPOTHESIZING RELATIONSHIPS

Clearly, it is hard to measure the objective level of technical competence of a
person in a self survey without any biases because getting at the truth would require the
person’s peer group [33]. Therefore, we will measure the level of feeling of technical
competence of the engineer, which should be a more attainable measure. Since our main
point of concern is satisfaction, clearly subjective, the use of a subjective measure on the
opposing variable seems appropriate, if not required. This brings us to our first

hypothesis:

Hypothesis 1: The feeling of technical competence has a positive relationship

with the feeling of job satisfaction.

Moreover, as mentioned above, technical development may have a significant
impact on the feeling of technical competence. We tend to believe that people that have
some technical training should have a higher level of feeling of technical competence

than people who do not have technical training. Hence, our second hypothesis is:

Hypothesis 2: Technical development has a positive relationship with the

feeling of technical competence.

Moreover, as we divide technical development in two parts, we have sub hypotheses:

Hypothesis 2a: Technical training has a positive relationship with the feeling

of technical competence.
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Hypothesis 2b: Job content has a positive relationship with the feeling of

technical competence.

The relationship between technical development and the feeling of technical
competence may manifest itself in the relationship between the technical development
and the feeling of job satisfaction as well. If we can find a relationship between technical
development and the feeling of technical competence and the relationship between the
feeling of technical competence and the feeling of job satisfaction, we may find a
relationship between the technical development and the feeling of job satisfaction.

Figure 2 illustrates the relationships we are hypothesizing.

Figure 2: Model of the research

Job
/v Satisfaction  |w
Technical Technical
Competence | Development
A
Work Technical
(Job Content) Training
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IV. METHOD
Testing the model

A research instrument was developed that would measure our chosen variables
along with a number of factors based on their ability to provide insight into this research

area.
Sample population

The research participants were technical worker whose jobs related to either
research and development (including product design and development) or
manufacturing (including manufacturing engineering and support function). The
participants were screened before they were given the questionnaire; only engineers still
performing a relatively high level of technical work were chosen (no supervisors,
managers or project managers were chosen.) In addition, no one with less than 6 months

experience in a technical specialty was given a survey.

Independent Variables

Demographic (clustering) Variables

The research will survey engineers in both manufacturing and research and
development environments. Due to the increasing pace of technology, engineers in both
environments should concern themselves with “when and how” they will acquire the new
skills and information to be confident and competitive in the field. One of the factors
which might affect an engineer’s feeling of technical competency is the length of time in
their technical field. The engineer’s feeling of technical competency in turn may affect
their job satisfaction. Increased time in the technical field may not increase the
engineer’s feeling of technical competency beyond a certain point if the technical field is

now obsolete or the engineer is not keeping abreast of technological changes.

Other criteria that might affect to their feeling of technical competence are the
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size of department and number of peers in their field within their company, since an
engineer who is isolated from peers might feel some he or she is isolated from new
developments. In addition, a large functional organization usually has more breadth and
depth of work being done in the engineer’s technical field than a small organization or
project team. Hence the engineer in the large functional organization might feel that he is
the midst of more technical competency than an engineer who is the sole technical
specialist in a small project team. However, engineers in large organizations sometimes
are “pigeonholed” into positions with limited scope, whereas an engineer in a small

company might have to learn a wide range of skills.

Technical Development Variables

In prior literature, researchers drew attention to accelerating technology change
and greater technological sophistication; for example, Bansignore [5] said that when he
studied in engineering, a slide rule was used to do routine calculations. At that time,
computers were vacuum tube-powered, tape-driven and room-filling. In the past 25
years, the rapid development of new technologies such as integrated circuits, computer
software and hardware, and communication networks have demanded rapidly developing
skills in engineers. In order to understand new technologies and to improve one’s new
technical knowledge and skill, technical development or training has been a key element
of fostering technology development [5][52][54][31]. Technologies in both
manufacturing and research & development (R&D) areas have seen very fast

development requiring significant training in order to remain competitive. [9]

Since technical development is viewed as essential to the individual’s and
company’s continued competitiveness, it follows that there are many forms of training
that might be beneficial. There are four sources of technical development: classroom
training, formal company training, training that is inherent in the work itself (job content
training) and other types of training, such as self-study, informal “on-the-job” training
and mentoring [9]. For the research, we focused both on formal training and job content

training. It is well known that employees learn through their work experience.
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Engineers can acquire new technologies from the demands of their position, job content
training is used to measure human capital acquisition [37]. It would be interesting to
understand the relationship between training and the feeling of technical competence.

However, not much prior research has studied this specific topic.

A study sights that “human capital theory predicts that workers will be more
likely to invest in job training the longer they expect to remain working” and notes that
the probability of the job turnover is significantly related to receiving training [44].
According to the relationship between job satisfaction and the probability of turnover,
there should be a relationship between training and job satisfaction [47]. Consequently,
if we can measure the relationship of technical development, training, and the feeling of
technical competency, we might understand more about the relationship of the feeling of

the technical competency and job satisfaction.

Dependent Variables

Feeling of Technical Competence Variable

There are relatively few studies concerning technical competence of engineers
compared with the number of studies related to job satisfaction or career development.
Mainly, motivational sciences discuss professional self actualization issues and the
importance, or assumption, of competence is implied [15]. As in most areas of
psychological and sociological significance, competence is not an uncomplicated issue
for measurement and evaluation. For instance, Hamilton [22] stated "technical
competence includes not only mastering procedures but also understanding the
fundamental principles and concepts underlying the procedures, gaining capacity for
analytical judgment, and becoming computer literate.” Therefore, the measurement of
technical competence is very difficult to do because we cannot easily measure all of the

elements that comprise technical competence. However, the feeling of technical
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competence in which there is a measurement of the level of confidence and self-

perception of a person can probably be measured more accurately.

As [32] and [33] provided some guidelines to measure the level of competency,
we developed survey questions to ascertain a trustable and accurate level of feeling of
technical competence. The result of this measurement indicates the feeling of technical
competence of the participants, not their real competence. For instance, a new graduate
engineer may feel that everything they have learned from school makes them extremely
competent, whereas they may have very limited knowledge of their technical field. On
the other hand, an engineer with a Ph.D. with many years of experience may think that

he needs to learn a lot more, even though he is already an expert in his field.

There are some complexities to view the feeling of technical competence as a
variable in this research. Technical competence is an independent variable when we
examine its relationship to job satisfaction in hypothesis 1; on the other hand, technical
competence could be view as dependent variable when we examine its relationship to

technical development in hypothesis 2.

Job Satisfaction VVariable

This area of study has interested many scholars since World War 1l [6]. For
instance, Wong [54] established relationships between job perception and job
satisfaction, and other studies have related employee’s performance and job satisfaction.
Furthermore, we find a lot of support in the literature for a positive relationship between
job motivation and job satisfaction [6]. Cordero [12] found job satisfaction and
likelihood of turnover had a negative relationship. Birdi [4] concluded that prior
participation in required training courses and work-based development activities were
significantly correlated with overall job satisfaction and organizational commitment.
Geyer [18] found that job satisfaction levels were negatively associated with relocation

consequences.
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This research will be additional research in the field of job satisfaction. However,
the research will focus on aspects specific to engineers. As described above, the data that
will be used to analyze the relationship between the feeling of job satisfaction and the
feeling of technical competence will be collected from two groups of participants only
(R&D and Manufacturing disciplines). Engineers with a significant management role
will not be asked to participate as the issues of motivation, i.e. satisfaction, are
considered to be considerably different than technically focused engineers [11]. As we
already mentioned above, we could not find any study that clearly establishes that the
relationship between technical competence and job satisfaction exist. This research will
attempt to separate out technical competence from the many factors that affect job
satisfaction based on the hypothesis that competence is more important to engineers

based on the nature of their work.

Interview Methodology

Sample Profile - Respondents

We decided that for any engineer to qualify to be a respondent in this project, s/he
must be on his/her current job for a duration of at least 6 months. We did not put any
limit for the upper end. Based on this screening process, our respondents had a wide
range of experiences ranged from 1 year “fresh out of school” new engineer to 39 year

experienced “old timer.”
Sample Profile - Organizations

Forty surveys were completed in eleven different companies Company names are
kept confidential. The size of the department/ site that the respondents work ranged from

3 to 4,000 employees. Respondents are selected from the two main functional groups:
Research and Development
Manufacturing

We tried to keep the balance between the number of respondents from each group

and incidentally, the categorization yielded in equal number (20) of responses from each.
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All of the respondent organizations are product manufacturing in nature, but are from a

wide variety with respect to product and technology.

According to R.Daft, product organizations have common characteristics
differentiated from other types of organization, such as service organizations which

happen to have the polar opposite characteristics [14]:
CONFIGURATION
Many boundary roles,
Little geographical distribution,
STRUCTURE

Low employee skill level, on average

(with respect to our respondent organizations, we questioned this item’s validity),
Skill emphasis is technical as opposed to interpersonal,
High degree of centralized decision making and

Highly formalized.

Survey application

Survey purpose was first explained to the respondents by the surveyor. Then, the
respondent was given approximately one to four days to complete the survey. Once the
surveys were completed, the cover page was detached from the main survey in order to

keep the confidentiality of responses.

After all the surveys were completed, the responses were entered into the excel

spreadsheet by each surveyor. (See Appendix (2): Survey Results - Raw Data).
Survey questions

The questionnaire is divided into five sections. The majority of the 26 questions

were on a 6 point scale, with the end of the scale being polar extremes. The remaining
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questions were categorical or fill in questions. The survey was intended for prescreened

engineers to fill out in 15 minutes. Appendix (1) contains the actual survey.

1. Basic Information (Q1-Q5)

The survey asked about the participant’s work, their size of their site, the number
of technical peers, the type of their department organization and the length of time in

their technical field.

2. Technical Expertise (Q6-Q12)

To measure technical expertise, the questions asked were both direct and indirect.
The direct question asked the engineer to rate his/her feeling of competency. In addition,
indirect questions were asked to validate the engineer’s self-appraisal. For instance, the
engineer was asked to indicate the level of influence in critical technical decision [12]; to
rate whether they seek or provide technical advise [25]; to rate their confidence in their
competence if they were given a promotion; to rate their mix of job responsibilities
(technical versus other responsibilities) [25], and to rate how technical expertise is

viewed by their organization.[35].

3. Technical Development: Formal Training (Q13-Q19)

Participants were asked to rate the amount of technical focused training received
in the past 12 months [4] and the amount of technical focused training their wish to
receive in the future. They were also asked to rate the relevance to their job of their
recent technical focused training and to rate the benefit to their job and career of their
recent technically focused training. Finally, in categorical questions, participants were
asked to identify the most helpful of their technical training programs in their both

current job and future career.
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4. Technical Development: On-the-job training (Q20-Q22)

To measure on the job training, questions about job content were asked, including
the degree to which participants’ recent work experience promoted development of their
technical skills. Participants were asked to indicate the technical difficulty of their work,

and to indicate the level of technology of their work environment.

5. Job satisfaction (Q23-Q26)

To measure job satisfaction, participants were asked to rate their feeling of job
satisfaction in their current position [12] and to compare current work to their most ideal
job. They were also asked to rate their status compared with management co-workers

and to indicate the probability of seeking a job change in the next year.
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\% RESULTS AND DISCUSSION

ANALYSIS OF RESULTS

Two hypotheses were analyzed by this project.

Hypothesis 1: The feeling of technical competence has a positive relationship

with the feeling of job satisfaction.

Hypothesis 2: Technical development has a positive relationship with the feeling

of technical competence.
Hypothesis 2 is further divided into 2 sub-hypotheses:

Hypothesis 2a: Technical training has a positive relationship with the feeling of

technical competence.

Hypothesis 2b: Job content has a positive relationship with the feeling of

technical competence.

The data is analyzed in several levels and presented in two main sections containing main

finding and additional findings.
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MAIN FINDINGS - Detailed Look at the Responses

The data is analyzed using the t-test and linear regression methodologies.

T-Test:

Manufacturing vs. Research and Development

We analyzed the difference amongst engineers who work at the Manufacturing

and Research & Development. Differences between the two functional groups were

considered significant when p was less than 0.15. The findings are summarized in Table

1.
Variable Tested: Q8 Q11 Q25
Variable 1 Variable 2 Variable 1 Variable 2 Variable 1 Variable 2
Mean 4.6 4.157894737 4.95 4.3| 4.263157895 3.75
Variance| 0.463157895 1.140350877| 0.681578947 1.589473684| 0.538011696 0.934210526
Observations 20 19 20 20 19 20
Hypothesized Mean Difference 0 0 0
df 30 33 35

t Stat

P(T<=t) one-tail

t Critical one-tail
P(T<=t) two-tall

t Critical two-tail

1.532942005
0.067884635
1.697260359
0.135769271
2.042270353

1.928922393
0.031189089
1.692360456
0.062378179

2.03451691

1.873451363
0.034687926
1.689572855
0.069375852
2.030110409

Variable 1: Respondents who work in Research and Development

Variable 2: Respondents who work in Manufacturing

Table 1: T-test results between Manufacturing and Research and Development groups.

Question 8: On this question, we tried to understand what the individual’s rating

of his/her own technical competency. Respondents were asked to rank 1 from 6 where 1

represents “not at all confident” and 6 represents “extremely confident”. The T-test

results showed at better than 85% confidence that engineers who work in Research and

Development field feel more technically competent than those engineers who work in the

Manufacturing field (average of 4.60 vs. 4.16).

Question 11: This question states: “For the most satisfying achievement of your

career, would you say that the technical challenge was: Insignificant (rank 1) through

Substantial (rank 6).” Again, the T-test results revealed that engineers who work in
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Research and Development field feel more technically challenged than those engineers
who work in the Manufacturing field (an average of 4.95 vs. 4.30; the null hypothesis can

be rejected at almost 95% confidence level).

Question 25: For the question on how they would rate their status compared with
management co-workers, engineers who work in Manufacturing field felt that their status
is significantly lower in comparison to their co-workers in the management field (these
engineers averaged 3.75). Research and Development engineers felt better about their
status (they averaged 4.26). The null hypothesis can be rejected at the 90% confidence

level.

Linear Regression / Correlation

To test the hypotheses, dependant, independent and clustering variables were
measured in the survey instrument. When the survey was being developed, we decided to
ask several questions for each dependent and independent variable to check for
consistency. When doing the regression analysis, we found that most of these questions

were well designed and were cross-correlated

For example, when defining technical competency, we asked 7 questions to the
respondents, in order understand or quantify the respondent’s feeling of his/her technical
competency. In our regression analysis, we found that questions 6,7,8 and 9 can be
averaged to be used a composite value for the respondent’s technical competency. The
correlation coefficients of these questions among themselves were significantly higher
than with the other questions. Questions in the sections that were not included in the
composite variables were evaluated individually. Further results on the composite values

and how they are defined can be found in Appendix 2.

While defining the composite variables, we found that question 10 correlates
better with the “Job Content” variable even though the question was designed to measure

“Technical Competency.” It was decided to include this question in the “Job Content”
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variable. The “Job Content” variable was redefined to include this question based on the

good cross-correlation.

Another interesting variable is the “Training Gap” which is defined as the

difference between the training desired and training received. As the first part (training

desired) correlates with “Technical Competency”, and the second part (training received)

correlates with “Job Content”, the composite variable correlates nicely with both

variables.

We have defined 5 composite values. Subsequent analyses is performed using the

composite values defined as:

JS:

TC:

JC:

ET:

TG:

Job Satisfaction

Technical Competency

Job Content

Effectiveness of Technical Training

Training Gap

The analysis and its results will be discussed in detail in the next section.
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TESTING OF THE HYPOTHESES

Hypothesis 1: The Effect of Technical Competency on Job Satisfaction

Although the correlation between these two composite variables was not as high
as we expected, there was a significant positive correlation with an r2 value of 0.104. For
a survey of 40 respondents from diverse industries, different environments and with
different background and experience levels, it would be quite difficult to get much higher
correlation values between two very generalized variables like “Job Satisfaction” and
“Technical Competency” without eliminating and/ or controlling all other factors that
may have an impact on them. The acceptance of hypothesis 1 is supported by our

research but does not show a strong relationship.

Figure 3: Hypothesis 1-Job Satisfaction Versus Feeling of Technical Competency.

Job Satisfaction

0.00 | T T
0.00 1.00 2.00 3.00 4

Feeling of Technical Competency
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The highest correlation found (r?= 0.4435) between the individual questions of these
variables was between Q7 and Q25 which are the respondents’ feelings about the

“influence on key technical decisions” and “status against management co-workers”

Figure 4: Feeling of “status compared to management coworkers” versus “influence on

key technical decisions”.

Status com pared to management co-workers- Q25

Level of Influence in Critical Technical Decisions - Q7

Effect of Technical Development on Job Satisfaction

Two aspects of Technical Development , “formal training” and “technical
development by the job itself” were evaluated separately. This was the intention right at
the beginning, while developing hypotheses and preparing the survey, but results verified

the value of this approach as explained later.
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Effect of Formal Training on Job Satisfaction

The questions that are contained in the composite variable “Technical Training”
were related to the “effectiveness” or “usefulness” of the training rather than the amount
of the technical training. In other words, responses to the questions about the “amount of

training” did not correlate well with the others in the same group.

The effectiveness of the technical training seemed to have more effect on the job
satisfaction than the amount of the training, or the “training gap” which is defined as the
difference between the training desired to received and the training received. These are
shown in Figures 5 and 6. Neither the “effectiveness of technical training” or “training

gap” were considered to be related to job satisfaction at a high enough significance level.

Figure 5: Job Satisfaction Versus Technical Training Effectiveness.
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Figure 6: Job Satisfaction Versus Training Gap.
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Hypothesis 2a: Effect of Formal Training on Technical Competency

Analysis of the effect of formal training on the feeling of technical competency
gave us completely different results. The “training gap” appears to have more impact
than the effectiveness of the training on technical competency. We interpreted the result
as the engineer’s feeling of low technical competency is expressed as a need for more
training. This is, of course, also a hypothesis that needs to be tested by further research.
Figures 7 and 8 show this relationship. Only the “training gap” was considered to be
significant due to the high correlation. To some degree, our hypothesis is supported by
the finding of the relationship of “training gap” to technical competency, however, there
is a possibility that “training gap” is another measurement of the feeling of technical

competency.
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Figure 7: Feeling of Technical Competency Versus Effectiveness of Technical Training.
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Figure 8: Feeling of Technical Competency Versus the Training Gap.
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Effect of Job Content (On-The-Job-Training) on Job Satisfaction

As the main contributor to the technical development, the richness of the job itself

strongly correlates with the job satisfaction. This has been validated by many researchers

in more general and more specific scopes. Our results are in line with the literature.

Figure 9 shows the relationship.

Figure 9: Job Satisfaction Versus Job Content.
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Hypothesis 2b: Effect of Job Content (On-The-Job-Training) on Technical

Competency

We do not see a strong relationship between job content and technical
competency. This may be due to the fact that there is a time lag between exposure to
challenging work and the feeling of competence or the fact that highly competent
engineers are assigned to work rich in opportunities for further development. This

hypothesis was not supported by this research. Figure 10 shows the relationship.

Figure 10: Feeling of Technical Competence Versus Job Content
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ADDITIONAL FINDINGS

Effect of Combined Variable on Technical Competency

Based on the initial hypothesis and the analysis results, we can intuitively expect
that a new variable that would combine all aspects of technical competency and technical
development could correlate with job satisfaction. We can show that such a composite
variable can be created by a simple formula as a first step for modeling these relations.
We tried weighing the composite variables according to their individual correlations with

the “Job Satisfaction” and created the “Technical Satisfaction” variable as follows :

TS = %*(2*JC+TC + (TT-TG)/2)

Figure 11: Job Satisfaction Versus Combined Technical Satisfaction Variable.
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Feeling of Technical Satisfaction

It is very difficult to support the weighing factors and the correctness of the
method for measuring the “technical satisfaction”. However, the result shows how all the

independent variables can be combined into one variable which has a very high
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correlation to “Job Satisfaction”. This also shows that all the variables are interrelated
rather than being random. This suggests that there needs to be a more complex model for

both Job Satisfaction and Technical Competency.

Respondent’s ratings

We had an even distribution of responses in both Manufacturing and Research
and Development categories (there were 20 responses for each category). Results
seemed to be very well distributed across the scale and no pattern for bias or
inconsistency in the ratings of different respondents were observed. The averages and the

standard deviations for each respondent’s answers is shown below in Figure 12.

Figure 12: Distribution of respondent’s ratings.
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Additional analysis of the data is as follows in the following areas:
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Formal Training

71% of the respondents said the amount of training they received within the last
12 months was not enough (Ranked <3). Only 29% said it was satisfactory (Ranked >4).

The vast majority of respondents (86%) wished to receive more training.

The area they need the most training was chosen to be “New technologies and
advancements in your field” and “Advanced Computer Training (Systems/ Application
Programming, CAE, Analysis Tools)” with a total of 82%. Most engineers did not feel
that they needed “General technical skills refreshment (math, science, engineering) “ and

“Basic Computer Training (PC Software, Basic CAD)” type training.

Interestingly, the respondents felt that the technical training programs that would
be the most helpful for their career development would also be the most helpful for their
current job. This finding implies that respondent are well aware of their technical/skill

deficiencies.

Job Content - On the job training

More than two thirds (69%) of respondents felt that their recent work experience
significantly promoted development of their technical skills. The technical content of the
work they are assigned was almost evenly distributed within the range of from being
predictable and routine to unpredictable and unusual. Their work environment ranged

form being almost obsolete to state-of-the-art.

Technical Expertise

In technical matters, 79% of respondents characterized themselves as “providing
technical assistance” and 69% of them said their level of influence in critical technical
decisions is very significant. 89% of respondents ranked their current technical
competency as confident (Ranked >4). The majority of respondent who have ranked their

technical competency <3 had less than 6 years of experience.
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When engineers were asked how confident would they feel in their technical
competency if they were given a promotion (in their technical area), 72% felt “very

confident.”

Almost 60% of respondent’s mix of job responsibilities (technical versus other
responsibilities) fall into the middle (rank 3-4). 32% said that technical expertise is

viewed by their organization as simply expected or assumed.

We could not find a linear relationship between the “number of years in technical
field” and the feeling of technical competency. Although the interpretation would be
trickier and would require more research to validate, there seems to be a polynomial
relationship between these two, where the feeling of technical competency goes down

between 10-20 years and goes up again after that.

Figure 13: Relationship between Technical Competence and Years of Experience in the
Technical Field.
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Job Satisfaction

Only 13% of the respondents were “extremely” satisfied with their job. About
74% ranked their satisfaction at and above 4. 68% found their job encouraging
maximum performance.

58% of respondents felt that technical expertise is viewed by their organization as
above average (ranked 4).

65% of respondents said that the likelihood that they will actively seek a job
change in the next year (Ranked <3).

We found an extremely strong correlation between the “likelihood of job searching” and
the “job satisfaction”. It is not surprising, because the desire to look for a job is a direct
expression of a sort of dissatisfaction with the job. But, this result has validated the
appropriateness of our “job satisfaction” composite variable. Figure 14 shows this
relationship.

Figure 14: Relationship between Probability of Job Searching and Job Satisfaction.
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Study of Herzberg’s Motivation-Hygiene Theory

Question 12 was intended as a measure of the relative level of motivation to seek
technical expertise. In addition, it sheds some light on the type of motivational factor
technical expertise is, following Herzberg’s Motivation-Hygiene Theory [all of the OD,
and Behavioral Science texts previously sighted include material on this]. The survey
results were an average of 4.0, sd 1.5, for R&D and 4.3, sd 1.4, for manufacturing.
Clearly, these engineers believe that their technical expertise, overall, is appreciated, but
the relatively large standard deviation, and lack of revealing trends (particular companies
low or high, etc.), shows the weakness of this measure. In terms of future application,
this area would be one of the more interesting areas to follow up. It would be helpful to
know that an engineer’s satisfaction is tied to technical expertise, but more so if the
particulars of that satisfaction are understood. Interestingly, using the 0.10 r 2 significant
Pearson’s correlations found in the appendix, this question had correlation with questions
+5, -9, +16, +20 and +JC (positive/negative +/-). Briefly, our survey results seem to

indicate:

Q5, a project oriented company shows more value for technical expertise.

Q9, how confident the person was in his technical competency in taking on a promotion

(less confidant in a situation that highly regards technical expertise).

Q16, 20 and JC (Q20, 22), could be identified as a new composite variable of
“Demonstrated excellence in technical development” for the organization, as
viewed by the engineer (not including Q21 of JC which does not fit the above
model, so this does not dilute the consistence of the results). They all indicate
that when an engineer views a company as specifically appreciating technical
expertise, that the company also follows through effectively in implementing

avenues for the engineer to receive appropriate technical development.
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Additional discussion

Taken as a whole the study was successful in creating measures of the variables
which indicated correlation. The strongest example of this is in the correlation of
questions 7 and 25: Q7 influence on key decisions and Q25 status against management
co-workers, at r’ of .444. Question 25 was taken from a previous study [48] which also
found favorable results in using this question to measure satisfaction among American
engineers. Neither of the questions received follow up analysis to determine if there
were conflicting issues, confounding the measurement of the intended variable. As they
appear to be uncomplicated, appropriately focused and with such good results this would
be an excellent area for confirming research. Other measures showed weak correlation’s,
but as a whole give reason to believe that there may in fact be a correlation between

technical competence and job satisfaction (all correlation’s were positive).

VI.  Implications of the Study (limitations, conclusion)

Limitations

Areas not included in the survey: the type of technology applied (long-linked,
mediating, intensive), and therefore tasks of an engineer, varies from organization to
organization with these differences influence how work performance is measured and
how effectiveness is defined. In particular, the interaction required between groups
changes with technology changes [6]. The level of technocracy and the possible
debilitating effects, “The Rational Model” questions the validity of a purely deterministic
and easily quantified model. The pitfall of an overly narrow technical approach can be
dubious success [39]. The issue of possible team structure of an engineers work group
was considered and dropped for brevity of the survey. In a team environment the focus
of technical competence has to with a members contribution to the team [36]. Certainly
this could influence the relationship of our dependent variables, but this is a difficult area

to provide equal measure among respondent (requires a controlled measure beyond the
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scope of the study). Our measure of other aspects of the work environment and recent
experiences of the respondent were limited. There are many factors related to project
success besides technical and certainly theses would affect job satisfaction and perhaps
even feelings of competence. Also, an engineer may be judged to varying degrees by the
ability to communicate than by his degree of technical knowledge [11]. Looking at the
organizational development assumptions: Individuals desire personal growth and
development IFE the environment is supportive and challenging. Most people are willing
to make a higher level of contribution to attaining organizational goals than is permitted
by the environment, i.e. motivation and satisfaction [20]. That is a big “if” that our study

was not able to evaluate.

Most of the variable measures were directed at the engineer’s current situation,
but many theories indicate that history is an important factor. “Competence”, as related
to self actualization needs, is a mainspring to action in a human being. It implies the
drive to control the environment. Expectancy theory says that our degree of past success
will dictate our current competence outlook [24]. An examination of obsolescence [49]
indicates that the high and low performers continue as such indicating that a historical
measure of job satisfaction and technical competency could be a more effective measure
than the ones used in this study. This is by no means an exhaustive list of limitations, but

indicate some of the areas related to existing knowledge in the area of investigation.
Conclusion

This research found only marginally significant support of Hypothesis 1, in which
we show a positive relationship between Technical Competence and Job Satisfaction.
For Hypothesis 2, we found no strong support of the relationship hypothesized between
technical competence and either formal technical training (defined as the effectiveness of
that training) or job content. Interestingly, we found that there was a direct correlation
between both areas of technical development and job satisfaction, indicating that
engineers are (as supported by the literature) satisfied by work that challenges them to
acquire new skills and information. The technical satisfaction variable created in the

analysis supports this by showing a significant positive relationship to job satisfaction.
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The development of an engineer’s feeling of technical competence is somehow
independent of these variables. Perhaps there is a time lag between the current feeling of
competence and prior technical development, or the feeling of competence is more
strongly influenced by other personality traits (such as self-motivation) that were not
measured by this research. Further research is needed to understand this unexpected

finding. These results are shown in Figure 15.

Figure 15: Research Findings Model

Job
/v Satisfaction |v.
Technical Technical
Competence Development
A
Work Technical
(Job Content) Training

The implication for engineering management is that engineers should be provided
with opportunities for technical development to increase their job satisfaction. This will
ultimately reduce employee turnover. In addition, engineering managers can measure
their engineer’s competence by simply asking whether the engineer feels the need for
significant additional training. Unfortunately, there is no guarantee that any technical

development opportunities will improve the engineer’s competence.
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APPENDIX (1)

PSU Engineering Management
Student Questionnaire

Research Goal: This survey is part of a student research project at PSU. This project will
attempt to identify the relationship of an engineer’s job satisfaction with the level of
technical expertise and technical development.

Notes to Survey Respondents:

e For the purpose of this survey, ""Technical work™ is defined as: Strongly engineering
related work, using tools, methods and analysis required to satisfy the technological
aspect of a situation. (Note that Project and Business Management do NOT fit this

definition)

e Technical development consists of formal training (classroom, seminars, self-study,
etc.) and informal (“on-the-job”) aspects.

e All responses will be kept confidential. Only aggregate data will be used.

e Please consider your current or most recent technical position at which you spent at
least 6 months.

e Questions? Please ask your student contact!

Your Name: (Optional)

Your Position:

Your Company:

[This page will be detached from your completed survey].
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I. Basic Information
1. How would you describe your work?

___Research and Development (including product design and development)
____Manufacturing (including manufacturing engineering and support functions)

2. How long have you been in your current technical field?

years.

3. Number of employees in your work site?

people.

4. Number of technical peers in your site?

people.

5. Is your department organized with a:

Strongly Strongly
functional project
orientation orientation

1 2 3 4 5 6

I1. Technical Expertise

6. Intechnical matters, do you primarily:

Seek Provide
technical technical
advice advice
1 2 3 4 5 6

7. What is your level of influence in critical technical decisions?

Not Very
significant significant
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8. How do you currently rate your technical competence?

Not at all Extremely
competent competent
1 2 3 4 5 6

9. If you were given a promotion (in your technical area), how confident would you feel
in your technical competency?

Not at all Extremely
confident confident
1 2 3 4 5 6

10. How would you describe your mix of job responsibilities (technical versus other
responsibilities)?

Less More
technical technical
1 2 3 4 5 6

11. For the most satisfying technical achievement of your career, would you say that the
technical challenge was:

Insignificant Substantial
1 2 3 4 5 6

12. Do you feel that technical expertise is viewed by your organization as:

Simply Critical to the
expected or organization’s
assumed success
1 2 3 4 5 6
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I11. Technical Development: Formal Training
13. Rate the amount of technical focused training you have had in the last 12 months:
Not enough Too much

1 2 3 4 S) 6

14. Rate the amount of technical focused training you wish to receive:

None Substantial
1 2 3 4 5 6

15. Rate the relevance to your job of your recent technical focused training:
[Leave blank if no recent technically focused training]

Totally Extremely
irrelevant relevant
1 2 3 4 5 6

16. Rate the benefit to your career of you recent technically focused training:
[Leave blank if no recent technically focused training]

Totally Extremely
irrelevant relevant
1 2 3 4 5 6

17. Has recent formal training improved your job competence?
[Leave blank if no recent technically focused training]

No Significant
improvement improvement
1 2 3 4 5} 6
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18.

o General technical skills refreshment (math, science, engineering)

o New technologies and advancements in your field.

o Basic Computer Training (PC Software, Basic CAD)

o Advanced Computer Training (Systems/ Application Programming, CAE, Analysis
Tools)

o An in-depth orientation about company systems and procedures

o Other (describe)

19. Which of the technical training programs would be the most helpful for your current
job?

o General technical skills refreshment (math, science, engineering)

o New technologies and advancements in your field.

o Basic Computer Training (PC Software, Basic CAD)

o Advanced Computer Training (Systems/ Application Programming, CAE, Analysis
Tools)

o An in-depth orientation about company systems and procedures

o Other (describe)

IV. Technical Development: Job Content (“On-the-Job” training)

20. How much does your recent work experience promote development of your technical
skills?

No Numerous
opportunity opportunities
1 2 3 4 5 6

21. Is the technical content of the work you are assigned:
Routine and Unusual and
predictable unpredictable
1 2 3 4 5 6

Which of the technical training programs would be the most helpful for your career
development?
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22. Within your work environment, is the technology employed:

Cutting
Obsolete edge, state-
of-the-art
1 2 3 4 5 6
V. Job Satisfaction
23. How do you rate your job satisfaction in your current position?
Extremely Extremely
dissatisfied satisfied
1 2 3 4 5 6
24. Compared with your most ideal job, do find your current work:
Encourages Encourages
minimal maximum
performance performance
1 2 3 4 5 6
25. How would you rate your status compared with management co-workers?
Extremely Extremely
low high
1 2 3 4 5 6

26. What is the likelihood that you will actively seek a job change in the next year?

0% 100%
probability certainty
1 2 3 4 5 6
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Appendix 3

Progress of Survey Questions
A week after we had known what our project proposal and hypothesis were, we explored

past literatures and journal articles in order to find the hypothesis’ factor and information
to support our hypothesis. Unfortunately, the information gathered for the literature and
other sources did not directly related to our issues. With our curiosity and attempt to
prove our hypothesis, we, having as an engineer’s background, brainstormed the
hypothesis’ factors and then tie them with survey questions. In addition, we set our
survey style, format, and a measure scale of our survey question, 5 point scales, which
would be developed, later on in the next step. By the middle of the second week, the first

draft of the survey question was constructed.

From the first effort, the outline of questionnaires looked good for us even though the
matters were not complete. We looked over the first outline again, added some more
questions which would produce answers to prove the hypothesis. In the meanwhile, we
were still searching literatures and journal articles. Thus, the outline of questionnaires
was more completed than the first draft. After further discussion, we decided to change
the measure scale from 5 point scale to 6 point scale because we would like to avoid a
middle point which participants might select. As, the middle point would not give us the
information. After we added new questions and changed the scale measurement, the

second draft was setup in the early of the third week.

With a lot of additional questions in the second draft, we decided to stay focus on what
we were looking for and how to get there. This stage was very difficult for us due to each
person had their own perspective to see things. In order to move unrelated questions, we
frequently asked ourselves if these questions would give us the answer that we were

looking for. The second draft of the survey question was updated to the third draft.
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For the third draft, we asked for some recommendation from Dr. Milosevic. The result
was returned to us. We received a lot of comments, which were very serious issues.
Those were “make sure you know how each question relates to your (sub) hypothesis, lay
out questions to shorten length of the questionnaire, some questions appear similar and
subheading not clear to me”. To us, the comments and plus some suggestion in class were
very useful to redesign our questionnaires.

At the juncture, the original idea began more suspicious due to the fact that we could not
see the overall picture. We tried to find a new approach of doing the survey questions.
We began by rewriting our hypothesis and drew some charts that give us the overall
picture. Then, we put them on the discuss table, in case, we forgot to focus on our
hypothesis while we were working on our questions. In addition, we tried to keep the
questions short and simple. When the question was too long or complex, the respondent
might have difficulty following the intent of the item. Besides, the other concerns in the

survey were the length of the survey and organized logically.

With the comment and the new approach, the fourth edition of the questionnaires was
written down. Then, we brought the questionnaire over the psychology department in
order to discuss and receive some comments. Dr Jansen, head of the psychology
department, looked over the survey and help us with unclear sentences, select words and
organized structure. We also discussed each individual question if we should keep the
question or rewrote them in proper way. Finally, the fifth edition of the questionnaires

was ready to distribute to our participants.
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APPENDIX 2

Exhibit 1: Survey Results- Raw Data

QL Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Qi1 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26
425

Function

40

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

Design

75
1500 100

39 1500

10

Design

11

2

Design

25

Design

1
2
2
2

3 1100 400

8
10

Design

400 100

Design

700 250

Design

10 2000 200

25

Design

100

Design

50
40

200
240
250

Design

Design

Design

18 50

13

Design

Design

35

900
14 1500 500

Design

6

Design

30

200
300

Design

Design

15
15

Design

40
450

1 1500 100
3 1500
3 1500
25 1500

Design

Manufacturing

20

11

2

Manufacturing

15

Manufacturing

4
4

Manufacturing

Manufacturing

11

11

35 1500 100
2.5 4000 100

Manufacturing

4

Manufacturing

60
65
30
40

7 1000

Manufacturing

10

Manufacturing

20 1000

Manufacturing

400
450

Manufacturing

Manufacturing

3

350 150
250
250

4

Manufacturing

15
75
15

Manufacturing

Manufacturing

30

10

Manufacturing

4
2
1

6 1500 750
8 2000 100
10 2000 500

10

Manufacturing

Manufacturing

Manufacturing

30

200

Manufacturing

* Company and respondent names are requested to be kept confidential.
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Exhibit 2: Pearson Matrix
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Exhibit 3: r>-Correleation Coefficient Matrix

QB oF 08 09 oo i1 a2 a3 a4 als Q16 oy o18 o193 Q20 oM Q22 Q23 Q24 Q25 Q26 15 TC T Jc a2 TG

Qo) 107%: 081%: 1.73% D00%: 003%: 069%: 1381%: Q0% 278%: 427%: 057 048%: 034%: 008%: 000%: 0.09%: 0.02%: 3190%: 8E7%: 003%: 040%: 477%: 013%; 002%: 002%; SE2%: 1.23%
el 2955% 4331%F 16.18%F 1412%F  886%: 128%: 147%! 1334%: BA13%: 012%: 774%: 001%: 5858%: 449%! 122%; 003%: 335%: 164%: G82%! 002%! 575% B387%; 246%; S44%: 1.14%: 5.21%
Qv 2433%; 27.O2%: oVB%: 423%1 0.83%: 1.91%: 9.00%: 007%: 103%: 081%: 040%: 1T.02%: 8.54%: JH%: DAT%: O0B1%:  444%: 44358%: Q0190 11.82%: BY62%: 045%: S51%: 0B9%! BO6%
G 24.11%F 1221%F 1105%; 266%: 11.0M1%: 1679%; TE2%: 079%: 021%: 407%: 1457%: §97%! 783%; 370%! S82%: 045%: 873%! 189%! 577% B3308%: 052% 15391%: 064%: 2091%
o] 052%: 1.32%: 1003%: 1.66%: 21.07%: O081%: 949%: 364%: 201%: 833%: 1.52%: 0.02%: 0.78%: 206%: 022%: 1286%: 1.20%;: 422%: 6054%: B21%: 031%; 901%: 11.75%
@in S18%;  VEEWD 1631%: SE1%: 254%! 339%: 246%: 039%: Ba9% 3831%: 1615%: 2031%! 16.03%; 1517%i TATWD BA8%E 2016%1 AF0%: 317%! BEATW S14%: 18.23%
11 1.05%: 1087%:  0.43%: 2807%: B20%: 1503%: 102%: TYE%! S01%: 2242%: 1.50%: 903%: 205%: TOE%: 221%: 8.51%: 849%: 18.74% 1246% 025%:  T.09%
@12 FAXG:  484%: 1 36%: 2334%: 1.21%: 004%: B53%: 2774%:  339%: A1E2%W: 031%:  55d4%: 21%%: 123%: 313%:  233%: 936%: Z379%: 1.58%: 063%
13 402%:  TET% 9B0%: 091%: 432%F 070%: 12B9%: 281%! 4044%: 047%: 227%: BES%: 051% 334%: 418%: V7% 28.00%: 0.0E% T218%
@14 202%: 484%: T03%: 080%: 384%: 246%: 043%: 011%: 283%: O027%: S73%: S23%: 184%: 2308%: V43%: 264%: Z200%: 4722%
Sk 3349%: 3T.T2% 1V2%E 107S%: 1081%  B.O3%:  JEO%. 2202%! 451%: 0019 9479 973%: 180%: V1.91%: 948%: 1.35%: 1.38%
@16 2H23%: 009%: 958%: 1652%; G645%: 1283%: 924%! 2366%: 056%: 270%: 1367%: 103%: 7112%: 1359%: 819%: 087%
w7 034%: 929%: 7.93%: B11%: 1.18%: 5.800%: 030%: 321%: 001%: 047%: 046%: B947%: 6.01%: 017%: 0.34%
@1d 46.23%:  107%: 833%: 1064%: 470%: 187%: 069%: 1.33%: 363%: 130%: 032%: 017%: 1355%: 1.50%
w19 11E3%:  S40%: 011%: 3.65%: 229%: 3894%: 0119%: 482%: 1870%: 14.00%: B46%: 3.24%: 0.10%
@20 13.02%: 2058%: S591%: S523%: 1067%: 160%: 1044%: 393%: 1493%; B511%: 4.27%: 1216%
ey BETH:  802%: 920%: S10%: S87%: 1165%: 270%: 912%: 43.77%: 047%: 2.54%
@22 O0A7%:  212%: 1.00%: 000%: 059%: 011%: 793%: 3112%: 028%: 2527%
Q23 4493%: 1037%: SBOVIG: TEO8%: 3.70%: 1531%: 839%: 1.27%: 207%
@2 12142%: 2310%: ¥5.53%: 202%: 1069%: 1220%: 056%: 0.63%
Q2s BA79: 39919%: 2680%: 020%: S965%: 240%: 1029%
G265 42.00%: 030%: 317%: 415%: 0% 3.25%
IS A0.40%: 915%F 1534%: 013%: 431%
TC 000%: S09%: 392%: 16.63%
T 13.76%: 217%: 0.21%
i O.00%: 23.02%
Q2 0.04%

JE: Job Satisfaction Composite (Q23, Q24, Q25)

TC: Technical Competency Composite (Q6, Q7 QS Q9 Q10)

TT. Technical Training Composite (Q15, Q16, 217)
JZ0 Job Content Composite (Q20, Q21, Q22 )
TG: Training Gap Composite (213, Q14)
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