
 

  ETM OFFICE USE ONLY 
Report No.: See Above 
Type: Student Project 
Note:  This project is in the filing cabinet in the ETM department office. 

 
 
 
 
 
 
 
 
 
 
 
Title:     Motivation of Engineers: Work Experience and its Effect on 
Motivational Factors 
 
Course:  
Year:     1992 
Author(s): S. Blaine, K. Eden, D. Foote, J. Goulding, E. Kangas and A. 
Sandoval 
 
Report No: P92038 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Abstract: We studied the internal and external motivators affecting 
engineers. We did a ranking of the most important motivational factors and a 
comparison between groups of student engineers and experienced engineers. 
No statistically significant differences were found in how the two groups 
ranked the factors. Individuals, however, did differ dramatically in what 
motivated them. The importance of understanding these subtle differences - 
particularly for supervisors who motivate them -- is stressed. 
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Executive Summary 

A study was made of lhe internal and external motivators affecting engineers. A ranking was 
found for the most imponant motivational factors and a comparison was made between a group of 
student engineers and a group of experienced engineers. No statistically significant differences were 
found in how the two groups ranked the factors. individuals, however did differ dramatically in what 
motivated them. The imponance of understanding these subtle differences -- particularly for 
supervisors wbo motivate tbem -- is !bus stressed. 

The intent of our study was to understand wllat makes engineers work effectively towards 
organizational missions, objectives, and goals. General motivational tbeories were reviewed along 
with more recent literature specifically addressing the motivation of technical personnel. Various 
theories identified generalized motivational factors: recent papers identified more specific factors. For 
the purposes of our study, the major factors were grouped into 11 inclusive categories, and a 
conceptual model was defined. A survey was developed and administered to compare and rank tbe 
relative importance of these factors for the two groups of student and experienced engineers. The pair 
wise comparison method was then used LO compare tllese factors. The 11 factors and the pair-wise 
comparison results are tabulated below. Both groups chose the same top five factors. The Kendall' s 
Tau test was performed; both groups rankings were similar. TI!erefore, no statistically significant 
changes appear to occur in motivational factors as experience grows for (groups of) engineers. 
Correlations were found between certain pairs of factors. 

Experienced Engl neers Factor Swdent Engineers Factor 
(motivational factors) Weighting (motivational factors) Weighting 

Growth .113 Compensation .112 

Achievement .108 Achievement .1 12 

Challenge .IOI Growth .107 

Job Security .099 Challenge .096 

Compensation .098 Job Security .091 

Management .094 Recogniuon .090 

Recognition .089 Environment .085 

Location .085 Management .081 

Relations .075 Location .077 

Authority .074 Relations .077 

Environment .065 Authority .072 

This survey or a similar assessment would be a very useful tool in evaluating motivational 
factors for the individual engineer and for effeclively uti lizing !he engineering manager's ability to 
motivate lhe individual engineer. Knowledge of an individual's motivational factors to provide for a 
manager-to-engineer communications feedback is the first step in effectively (optimally) motivating an 
engineer. Performing such a survey is thus a clear recommendation towards understanding Ute 
motivational requirements of engineers. 
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Motivation of Engineers: 
Work Experience and itS Effect on Motivational Factors 

I. Introduction 

Motivation is the internal or external drive that directs an individual's behavior towards 

satisfying some end goal Motivation of engineers takes on a dual perspective: 1) what motivates rhc 

engineer as an Individual, and 2) what can be done by martagernent to motivate the engineer to 

perform in a manner that is most beneficial to the objectives of the organization? Clearly, a highly 

motivated engineer working on something that is of no value lo the organization is of similar value as 

an engineer who is of marginal or limited ability. 

The purpose of this project is to gain a better understanding of the motivational factors tl1at 

engineers feel are most important. Based on a literature review, eleven motivational factors were 

identified and defined. These eleven factors were incorporated into a motivational survey. Student 

and professional groups of engineers made weighted preferences between the factors. A comparison 

was made between the two groups to determine if motivation changed with experience. Finally, 

recommendations for the motivation of engineers were established and the need for future work was 

proposed. 

il. Review of Literature 

Many studies have been done on the motivation of engineers and related technical people. 

Most of this research surveys engineers and technical people to rate which motivation factors are 

important [2], [3], [17], [21], [29], [49] , rather than asking the respondents to discriminate between 

motivational factors. The factors in the literature vary, and in some cases the respondents were asked 

to list their own needs [29], [49]. Such rankings of motivational factors for various engineering 

groups have produced conllicting resultS. Probably, this difference is due to different metilods of 

sludy, different populations, and different methods of analysis. 

For engineers, the highest noted motivational factors are challenging work [2]. [3]. [29], [49] 

and achievement [17], [2 I]. Bogany Slates that the psychological profiles and needs of engineers, 
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given the proper environmeot is present, embody self-motivation [8). Notwithstanding, salary and 

monetary compensation is of key interest LO motivating engineers. For technical people, the fairness of 

salary in relation to co-workers and merit-based raises are suggested to be more important issues than 

the monetary reward itself [8]. 

A. Motivation Theories 

Motivation is intrin.~ically an emotional response or process. Significant effort to determine 

what drives or stimulates a person to action in the work place is recorded in the lilerature; 

consequently, there arc numerous theories on buman needs and motivation. For this motivation of 

engineers study, briefly reviewing some of these recognized theories will provide background and an 

appreciation for the complexity and diversity of human needs and their influence oo motivation. 

Social scientislS and researchers have long attempted to define human needs and behavior 

characteristics in theories and models. Classically, theories have been grouped into three sets: 

1) content U1eories, 2) process theories, and 3) behavior modification concepL~. Content theories 

describe wbat element~ or needs motivate human behavior. Process theories attempt to model 

motivation and behavior as a systemic process. Behavior modification is a learned response to 

external stimuli . 

Comenr Theories. Maslow [33) developed a system for classifying human needs in a 

hierarchy by order of importance. In it, the needs of each underlying level must be considered 

fulfilled before the next level is a factor. Maslow makes an important disti nction between the 

motivators (one class of detei:minants) and other biological, cultural and situational deteaninants of 

human behavior. McOelland [35) and his colleagues bave identified three drives tbal influence an 

individual's behavior: I) the need for achievement or pride io accomplishment, 2) the need for 

affiliation or belonging, and 3) the need for power or influence. Nash [39] draws upon McClcllaod's 

work to stale lhal lhe need for achievement is lh.e pre-eminent motivator. The achievement motivator 

is said to produce more goods and services for society as a wbole lban any other motive. 

McGregor [37) identifies certain assumptions managers make about workers in Theory Y and Theory 

X. Theory Y states tllat people like to work, are interested in their work, and accept responsibility. 

2 
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Theory X, states tllat people are basically lazy and require a great deal of control and supervision to 

work. The two-factor or motivation-hygiene theory jntroduced by Herzberg eL al . [22] suggests two 

separate sets of factors lhat influence tbe attitudes and behaviors of workers. Factors that lead to high 

levels of job satisfaction and goal-oriented behavior and give the employee intrinsic satisfaction arc 

identified as motivators. These motivators include achievement, recognltion, work itself, responsibility 

and advancement Factors !hat prevent job dissatisfaction and relate to !he situation in which Ille 

worker performs the job are identified as hygiene fact0rs. These hygiene factors include supervision, 

salary, ime(])ersonal relations, working conditions, and company policies. Hygiene factors are 

generated externally and must be replerushed; so. !hey affect the short term behavior of !he employee. 

Long-term behavioral changes are internal to U1e worker and thus require the use of motivators. 

Process Theories. Festinger (15] provides the Uleory of cognitive dissonance. An individual 

experiences cognitive dissonance when he or she learns or knows something about the organization 

that is in conflict with his or ber value system. People will avoid situations tbat increase dissonance 

and Illus lake positive actions to reduce dissonance. Such employee attitudes and values can have 

significant impacts on the way Uley work. A theory of social inequity was developed by Adams [l]. 

Adams theorizes mat inequity ex.ists when one individual is not rewarded the same as another for the 

same perceived level of contribution. Employees will then attempt to balance me ratio of rewards to 

conirtbutions by either requesting more appropriate rewards or reducing !he amount of work and 

conirtbutions. Expectancy theory was introduced by Vroom (50], wllo theorizes !hat indivjduals define 

their own behaviors or courses of action based on !he expected outcome or results of meir actions 

within their environment. Locke (31] proposed mat most employee behavior is consciously goal 

oriented. This goal-achievement model states that people work to achieve goals mey recognize as 

desirable and important. Highly motivated individuals perform best when goal-difficulty increases and 

when goals are specific and accept.ed by the worker. 

Behavior Modijicmio11 Conceprs. Luthans and Kreitner (32] take a learning approach to 

modifying employee work place behavior. Their work is based on the operant behavior tlleory of 

B. F. Skinner. In !his theory, behavior is dependent on consequences and on the environment which 

3 
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changes and constrains behavioral-actions. In operant behavior. environmental lirrtils, desired specific 

employee behaviors. and consequences of lhosc behaviors are identified and a determination is made 

as to which consequences reinforce !he desired behavior. Four reinforcement approaches are used to 

encourage and achieve desired behavior: I) positive reinforcement. 2) punishment, 3) negative 

~~ 
\r~· 

It is apparent from U1e literature tllat Ule majoricy of motivational theories utilize "motitnal 

factors" as causes of worker actions. From tlle literature study, 25 prominent factors emerged. The 

reinforcement. and 4) extinction. 

B. Motivmion Factors 

~~~ 
t'J ~i;t' 
:/~/ 
'<' ~J~~ 
~Q:~'l 

team-based affinity diagram method. also called KJ diagrams, was used to orgarnze these motivational 

factors into eleven groups. Figure l illustrates the affinity process. These eleven groups thus 

constitute the engineering motivation paradigm. To better develop a paradigm wruch reflects today's 
'> "& 'I.(.} . 
>}'b ~ ~ ·t: worker, it is necessary to survey the worker often. Such a survey reflects the thcodes presented in the 

.0"~ ~s;; literature, and it acts as a rating device to re-define the importance of motivational components. Once 

~11-8..('· , ~ ~·sr grouped, the results of the survey reflect today's understanding of motivation as viewed under Ule 
"' \:• .>.<1' 

Y if 'I' classical tlleories . ...,.. ,. 
:'< "t C. Problem Statement 

TI1e affinity diagram (Figure 1) was again utiU7.ed to clarify the nature of this study. By 

studying the relationship between the motivational factor groups, expectations of survey results, 

available participants, and analysis techniques. The following problem statement was developed: 

We intend to review motivational thcodes presented in !he literature and develop a survey 

questionnaire to probe the differences in motivation factors between junior and experienced 

engineers. The survey will use statistics and the Pair-wise Comparison Method (PCM) of 

analysis to rank various major motivational factors. Pertinent ideas generated form the 

literature will be critically evaluated against the survey resulis, and a summary of 

recommendations will be written. Our project should provide guidelines useful to practicing 

engineering managers. 

4 
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ID. Survey Methodology 

One accepted method of gathering infonnation on the relative weight of various engineering 

motivational factors from individuals is the pair-wise comparison survey. 'This pair-wise method 

requires a questionnaire in which respondents weight the relative importance of motivational factors 

by comparing lhem two at a time, hence the name pair-wise. A copy of lhe "Work Motivational 

Survey" used in this study is presented in Appendix A, for reference. 

Three steps were needed to develop the "Work Motivational Survey." First, lhe overall 

problem statement was developed to define the objectives, to plan the survey actions, and to detenni ne 

lhe participants of the survey. Tue literature was discussed and a conceptual model was defined for 

the questionnaire. Finally, the survey was administered. 

A. Conceptual Model 

The cause & effect diagram of Figure 2 was developed from the affinity diagram (Figure 1) 

using the group process. In it, the eleven !!:rOups, representing tile 25 motivational factors, define the 

primary external inputs, or causes, that influence the worker. These primary motivational factors 
~{, 

~~~ .. 
(' ~ ~ consciously and subconsciously fonn the basis of (or internally map the inputs to) a motivation-state 

\

r'"\ al~ or effect. Note that the eleven factors were intentionally small in number because the number of 

· jJ,.J, questions increases geometrically as the number of pair-wise comparisons increases, i.e., the user's 

,oVijV))' time is recognized. 

~~ 7 The cause & effect diagram thus represents a "black-box model" or a worker, and is illustrated 

~~ ~ . in Figure 3 wherein the eleven factors form the input to the worker and the state is the output. A 

feedback loop is also illustrated; feedback is the externally applied dynamic response to modify the 

input to achieve the desired motivational state. The goal of the survey is to understand the worker's 

conscious and subconscious internal mapping of motivation so the correct feedback may be identified 

and applied. Using the survey method, workers will rate the motivational factors using the pair-wise 

comparison method. Tue motivational factors are: 

Motivational Factor #1: Achieveme111. Achievement is pride and sense of accomplisllment in 

one's work. Communication is an esse.ntlal component of achievement [13). "Desire for achievement" 

6 · 
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is ranked near the top in nearly all studies of technical personnel's motivational factors. As Maslow 

stated in bis lheory of self-actualization: "what I can be, I must be." Consequently, lbe aeed for 

understanding this factor is important not only in motivating people to do good work, but to work at a 

high level of output. Achievement can only follow after competence is gained and curiosiry and 

persistence achieve worehwhile pursuits. McClelland argues lbat this need is learned early in 

childhood [35]. Andrew Grove argues for keeping tbe need for achievement constantly unmet by 

setting objectives and goals that are just out of reach [IS]. 

Motivational Facror #2: Authority. Authority is the extent of power, influence, control, and 

freedom an emp.loyee has in his or her work and with others in the work place. The scope of influence 

and control can include the range from an individual's specific task to operation of an entire 

organization. Empowerment is the act of delegating specific authority to employees and allowing 

them to have control over the task witllin defined roles and boundaries. The employee in turn accepts 

responsibility for the task results. 

Motivational. Factor #3: ChaJle11ge. Challenge is described as the act of performing 

stimulating and meaningful work under "creative tension" or intensive work efforts [30]. Work 

challenge early in an engineer's career positively affects future job performance [25]. Challenging 

work is often linked to a high performance supervisor who gives employees stimulating and 

meaningful projects to complete [25]. These projects typically involve innovation to solve problems, 

creative thought, intelligence, and technical knowledge [30]. 

Motivational Factor #4: Compensation. Compensation is pay and benefits earned !brougb 

work. Monetary compensation includes salary. increases, and bonuses. Benefits include direct value 

employee advantages such as personal insurance, paid lime off, and retirement plans. 

Motivational Factor #5: Environmem. Environment is the climate, culture, and physical make­

up of the work-place. Resource sharing, adequately meeting the needs of two or more groups, is 

common in today's lean and aggressive organizational environment [51]. In faet, resources have long 

been recognized as sources of power [19]; note the old saying, "be who has the gold makes the rules." 

All too often, resources are used coercively, and the formal rules and regulations. centralization, and 

9 
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Ille dgid hierarchy which dominate many companies corporate culture stifles the innovative engineer 

who seeks the more open organic organization [10]. In ll1e extreme, external adaptation to and internal 

expectations and integrations of Taylorism -- Frederick W. Taylor's scientific management theory -

bound lhe creative engineer within l11e framework of past actions. biases, and habits; lhus, Limiting 

resources to !hose of past experience [52], e.g .. resistance to automation. 

Motivational Factor #6: Growth. Growth is the opportuolty to advance to personal and 

professional potentials. By Maslow's lheories, workers constantly seek to fulfill ego and self­

fulfillment needs [46]. Most technical people seek growth in either external advancement or internal 

project-oriented work [2]; such success might include presentation and publlcation of innovative 

research papers within lhe community. Furthermore, engineers are often motivated by corporate 

bencbmarkS. Promotion to a management position or the opportunity to plan, organize, and control 

projects meet such benchmarks (2). 

MotivtUional Factor #7: Job Security. Job security relates to one's stability of employment. 

Job jnsecurity is associated wil11 declines ln comroltment and trust In Hcrzbe.-g's 2-Factor Theory of 

Motivation, job security is considered a de-motivator. New insights lhrough recent studies indicate not 

only the loss of a specific activity and income, but also of identity which is the lhreat of loss of self­

worth [28]. Even pcrccivod lack of predictabillty and control may induce perceptions of job 

security [4]. Such threats may have deleterious effects on health [28]. 

Morivational Factor #8: Location. Location is the physical and geographical location of the 

work place. It is estimated that engineers will change jobs every five years and change locations every 

eight years [8]. 

Motivacio11al Factor 119: Managemem. Management is the outward performance and treatment 

of workers. Accurate management feedback is regarded as critical to effective pe.-formance [6]. A 

lack of response by management can indicate a negation of personal worth [53]. The level of 

openness in supervisor-subordinate communications is positively related to worker satisfaction with tile 

company, job, and !be pe.-formance appraisal [40). Lack of productivity feedback can increase role 

ambiguity as well as worker motivation and job satisfaction; simple extrinsic feoclback to exchange 

IO 



.. ___ ....... .. ....... .. . .. ·-·· ·· 

information is an effective form of worK place feedback and may achieve marginal increases in 

productivity (42). Formal reviews influence important organizational outcomes sucll as performance 

and satisfactio11 

Motivational Factor #JO: Recog11itu:m. Recognition is the act of realizing and rewarding by 

peers, managers, or outside competitors through acts such as awards and bonuses. or through means 

such as praise and congratulations. Recognition may be either earned or unearned [ 46). Unearned 

recognition, which should not be thought of as a substitute for earned recognition, plays an essential 

role as a motivational maintenance factor. This type of recognition takes the form of friendliness, 

reassurance, small talk, and personal Interest, and satisfies security, status, and social needs. Badaway 

States that engineers are particularly sensitive IO what they regard as unfairness and they resent rewards 

based on any other basis but recognizable professional achievement £5]. Ingram feels recognition must 

be equal and fair, and all staff must know and understand the criteria for special recognition [24]. As 

a general rule. the organizational climate needs 10 recognize and reward those who perform well 

regarding their personal development [47). Recognition of achievement is a crucial pan to keeping 

any organization motivated and working towards a common goal. 

Motivalio11al Factor #11: Relations. Relations is teamwork, compatibility, and interpersonal 

interactions with co-workers. Job feelings are crucial to our job experience, and the people with 

whom we work with are key contributors [27). We recognize the error of Max Weber's bureaucratic 

rational of deiluma11izatio11 for efficiency, and embrace sensitivity training and democratic leaders (52). 

Indeed, the I930's structured "personnel counseling" •• in Roethlisberger and Dickson's Managemellt 

and the Worker interpretation of the Hawthorn cxpctimc.ms -· has shifted lo coworker compatibility in 

!he empowered age of the 1990's [45]. To this end, the increased use of teams and the awareness of 

group dynamics is being fact0red in as a major conttibutor to job satisfaction [ 44 ]. One can only 

expect the increased use of concurrent engineering and "corporate right-sizing" to increase lhe friction 

amongst incompatible workers. In the extreme, machiavellianism and political behavior can work 

against even the most empathetic non-partisan engineer; so, quitting ones job becomes welcomed [12]. 

11 
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B. Data Gathering 

Appendix B contains the "Work Motivational Survey." 111is survey was distribuled to two 

groups of workers. The fust group or engineers was composed .of 37 senior mechanical engineering 

students and 6 graduate engineering students at Portland State Uolvcrsity. Of the 37 surveys handed 

out 10 the seniors, only 19 were returned. The second group of professional engineers and scientists 

was composed of 38 engineering management students at Portland State University and 8 other 

persons from Nike Corporation and Precision Castparts Corporation. The demographics of the 

engineers reveal an average of 10.5 years of experience and reprcsenced auto, footwear, electronics, 

public utilities, power generation, heavy manufacturing, and semiconductor industries. 

IV. Data Analysis 

lndividual responses from the motivational survey were evaluated using the pair-wise 

comparison method (PCM) of analysis. To further reduce the respondent's answer time, the factors 

were divided into two groups; each group of questions were then factored together using compensation 

as the common weighting factor. Figure 4 graphically details the results of the pair-wise comparison 

study. Kendall's Tau method was used ro evaluate U1e statistical significance of lbe rankings for llle 

two groups. 1bis analysis shows that !here was an association in professional and student rankings, 

i.e., the two groups statistically ranked the factors simllarly. 

A. Pair-wise Comparison 

Each respondent performed thirty pair-wise comparisons of the eleven motivational factors. 

Each pair of factors was given a total of LOO points, which the respondent split between the two 

factors according to relative importance. For exaniple, if compensation, factor I, was lhree times as 

important (to you) as location, factor 2, then (you would) give compensation a 75 and location a 25. 

For example, one respondent weighted achlevement a.~ 60 and autho.rity as 40. A sample of the "Work 

Motivational Survey" is round in Appendix A. The factors were diVided inco two groups for 

comparison basis. A common factor, compensation, was placed in each group so that all eleven 

factors could be simultaneously weighted and ranked l (most importam) through 11 (least important). 

12 
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The eleven weighted scores for each group sum to 1.0. The scaled scores and corresponding rankings 

arc depicted in Table 1. 

Table l -- Pair-Wise Comparison Results 

Students Professionals 
Motivational 

Factor Score Rank Score Rank 

Compensation .1 12 1 .098 5 

Acbicvemcnt .112 1 .108 2 

Growlh .107 3 .113 1 

Challenge .096 4 .101 3 

Job Security .091 5 .099 4 

Recognition .090 6 .089 7 

Environment .085 7 .065 11 

Management .081 8 .094 6 

Location .077 9 .085 8 

Relations .077 9 .075 9 

Aulhority .072 11 .074 JO 

I Sum: I 1.000 I I 1.000 I I 
With any series of pair-wise comparisons, one consideration is consistency of individual 

responses. The average inconsistency rating was 0.045 and 0.032 for the student and professional 

groups respectively; 22 of the 24 students and 35 of 46 professionals showed slgnillcant inconsistency 

C\ (>.016). Removing the professional individuals wilh high inconsistencies (>.039) did not have ____, 
significant effect on the ranked results. Allowing the respondents time to go through the questionnaire 

twice might reduce the inconsistency. 

Correlations between motivational factors were calculated for each group. Indi vidual test 

critical values were increased co account for the multiple t-test using lhe Bonferroni t-table [38]; 
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ordinary t-tests were applied to the correlation results. Tue null alternative hypothesis were: 

Ho-· The two factors are i11depe11dent, rlw = 0. 

H.: The two factors are related, rlw Ji 0. 

Where rho is the correlation coefficienL Tue individual rest alpba levels were decreased co give an 

overall alpha level of p<.05. The boxed correlations in Tables 2 and 3 depict the related factors. For 

the professional engineers, challenge correlated with achievement (r = .53) and with growth (r = .49). 

The only significant correlation for the student engineers was management with relations (r = . 76). 

These correlations were most likely due to how each group perceived the factors based on the 

definition given in the survey. Overall, the lack of significant correlation among the factors indicates 

overall independence. 

B. Kendall's Tau Test 

The rankings of the two groupS were examined statistically for differences using a Kendall's 

Tau tesL Jn cases where two factors were tied, each factor received a ranking equal to the mean of 

the ranking and the next lowest ranking. In the student results, the rating for compensation and 

achievement was tied at I. Thus, each was given a ranking of 1.5 (the mean of 1 and 2). Tue student 

rankings are listed in ascending order along side the corresponding professional rankings. For 

comparison of these two groups the null hypothesis was: 

H0 : The rankings of the two groups are 11ot associated. 

Th.is hypothesis suggests that the two groups rank the factors independently. The alternative 

hypothesis is that there is an association among student and professional rankings. 

The Kendall's Tau test of independence was applied to these data [41). The number of pair­

wise concorclances (order agreements) were compared to the number of pair-wise discordances (order 

disagreement~)- Accommodation was made for ties among tbe two groups. The compucatio~ults 
of lhe Kendall's Tau test is in Table 4. In this srudy there were 46 concordances, 5 discordances, and 

4 ties. Tue null hypothesis was rejected at p<.05. Acceptance of the alternative llypotbesis suggests 

that the two groups ranked the factors similarly. Although the exact order was juggled, both groups 
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MoOvatloC'lal Fa~or CorrolA1lons for Engtnee1lng Studon1s 

FOCIO< ACfllOVtlfMOt Authority Cn81engo COmpensmlo Envlroomoni GrOWlh JobSOC\#hy LocatlO<\ Manegomoot f\ocoon~1on Aeletlons 

Achlovomem -0.378 0 .'425 -0.368 -0.109 0.500 -0.232 -0.303 -0.240 0. 141 -0.243 
Autho11ty -0.242 -0.282 0.065 0 .150 -0.0$6 -0.291 0. 1'r.! -0.147 0.017 
Cha11ongo 0.017 -0. 1'47 0.<186 -0.345 -0.~ -0.556 0. 169 -0.398 

°' 
CompGIUallO -0.259 -0.517 -0.040 -0.038 -0.082 -0.118 -0.2'"9 
Env!ronmeni -O.<J04 0.021 -0.047 -0.253 -0.224 -0.007 

Gr0W1n -0.427 -0.49< -0.242 -0.137 -0.077 
Job Securi;y 0.<444 -0.181 -0.202 -0.325 

lOCGtlOn 0.132 -0.041 0.200 
Ma.nagoment -0.096 0.7S8 
Rocogn-ilon 

0.033 Ro1011ons 

Sta1lstJc&I Slgn!lcanee P < .OS 



w 

Motivatlonal fador Co11•!atlont For Proleulon•I• 

Fartor Al:h11Nemen1 A1.11horlty Cti..li.nge Compenealkln Emtronment °'""'" JobS.c.dy loctUon M11ntoement ~ltlon Rflla!kln• 

A.clilevemonl 4.00.0 o~ .(),239 o.21e 0.31& 0.201 .0.07& 0.016 0,20$ 4.204 
A.u1horlty -0.071 -O.t40 ... .., 0.108 -0.147 -0.13 1 -0.049 -0.1oe 0 .... 

Ch111'kmgo .0.1~ .0,073 o.~ .o.1eo -0.102 .0.014 O.t&4 .0.141 
Cornptnt11tlon 0.004 ...... OM• 0.302 .O.t21 4.092 0.012 _, ErMtOM'l&M -0.2 .. 1 0- ~ D.ODS 4.003 0..419 

0•""'" -0.078 4 .009 .0.016 0.111 .0.073 
Job Seourl!y o.1eo 4.2'.16 0.120 .O.le;) 

Loe•lion .0.272 ...... 0.C)03 

Man1gem1m 0.373 0..370 
A.cogMlon 0.289 

Ael11!!ons 

Statt'1le11I Slgntllormoo P < .OS 



ranked compensation, growlh, achievement. challenge, and job security as the top five motivational 

faciors. 

Table 4 -- Kendall's Tau Results 

Motivational 
Factors Srudents Professionals 

Compensation Ct.5 5 '.:-::::: 

Achievement 1.5 2 

Growth 3 1 

Challenge 4 3 

Job Security 5 4 

Recognition 6 7 

Environment c1 11 I\ 

Management 8 6 

Location 9.5 8 

Relations 9.5 9 

Authority 11 10 

V. Discussion 

The results of this study show that bolll student engineers and professional engineers have 

similar rankings of motivational factors. The top seven motivational factors compare well with 

previous research on motivat\on of engineers with the exception of job security which was not rated in 

other studies. One premise of the conceptual model is change over career growth. This premise 

implies that the conscious aod sub-conscious map between the various input motivational factors and 

the worker's moll vational state is dynamic. This study shows that the two groups of engineers 

surveyed did not show significant statistical change in the ranking of motivational factors; the top five 

and bottom six motivational factors do not change with experience. However, factors that motivate the 

individual engineer do change over time; subtle (no statistical significance) changes in the top five and 

bottom six motivational factors occur with experience. While ~study did not evaluate changes in 

individuals over time, tl1e surveys Show large differences o~g Jdividual weightings for all 



moti vational factors, e.g., challenge for professional engineers had a low of .037 to a bigb of .225. 

One of the keys to effectively motivating engineers is to recognire the individual's unique 

motivational factors, i.e., motivating the individual is a one-on-one process which must be understood 

for each J)e(son to be optimally effective. Additionally, it is recognized that engineers may be subject 

to other subconscious factors not considered in the "Work Motivational Survey." 

Job security was raled in the top five motivational factors for both the srudents and 

professional engineers, but it was not rated as an important motivational factor in previous research. 

The importance of job security now compared 10 earlier studies is mos! likely due to today's corporate 

"right-sizing" and aggressive cost cutting coupled with relatively slow economic conditions. 

Salary often is discussed in the context of a motivator. Many technical people see in their 

financial reward a yardstick of corporate appreciation for their C-Ontribution.5 as well as recognition of 

their achievements [14). Landis [29) notes !hat once a basic security need such as salary is generally 

mer. only !hose at the very top or the very bottom of the satisfaction scale will still consider them 

issues. Engineers often recognize that there are budgetary constraints on salary increases; so, 

motivation based on the expectation of a limited salary increase is not usually a large factor, and in 

some cases an acceptable surrogate such as growth porenlial or added aullloriry is accepred [50). From 

Ille survey, tbis shift is found as compensation moves from first for students to fourth for 

(experienced) professional engineers. 

Gomersall [17] breaks work place needs in!o rwo rigid categories, maintenance needs and 

motivational needs, very similar 10 the hygiene and motivator factors of Herzberg [22]. Maintenance 

needs of the .individual must be satisfied before motivational needs can be fully applied. One would 

have to seriously question whether this !heory holds true for salaried engineers, particularly when 

Gomersall list~ friendliness. seniority, lunch facilities, and restrooms as maintenance needs. These 

may have a large impact on bourly workers, bur this work indicates that engineers have less concern 

over these types of maintenance needs and are more interested in and driven by motivational needs 

such as growth, achievement, challenge. and job security. Gomersall does make the point that certain 
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motivational needs can have a high backlash effect creating de-motivational factors in each 

motivational area, however. 

While some research and theories attempt co differentiate between motivators and maintenance 

needs (or satisfiers), they are basically differentiating motivational factors into two groups; 

motivational factors which are pOsitive or perceived as positive In nature. such as recognition and 

achievement, and those that are perceived as restrictive or negative In nature, such as scheduled 

compensation, organi.zational pollcies. and the work envirorunent. Clearly, as there is a strong degree 

of ln.dividual perception (or mapping) to these. So, what may be negative to engineer one may be 

perceived as a positive to another engineer. As such, this study approached all factors from the 

standpoint of positively motivating lhe group. Bogarty f8] notes chat one of the problems with much 

of 111c published matcdal Lies in the effort to generalize from a narrow or undefined population. 'This 

is important to consider in lhat results obtained from lhis survey can not be broacll y applied. 

Additionally, individual differences account for significant variances in output. 

VI. Conclusions & Recommendations 

'This study shows subtle cbaoges (of no statistical significance) between motivational factors 

for engineers surveyed with respect to work expedeoce. For student engineers who have not bad work 

expedence, the top five motivators are compensation, achievement, growth, challenge, and job security. 

For professional engineers having 1 to 25 years of expedence With an average of 10.5 years, the top 

five motivators are growth, achievement, challenge, job security, and compensation. Statistically, bolh 

group's top five weightings (and consequently bottom six: recognition. environment, management, 

location, relalionS, and authority) arc the same. 

From the perspective of the engineering manger and project manager, the most important 

aspect of motivation is to have engineers who arc highly motivated to perform in a manner that is 

most beneficial to meeting the objectives and goals of ibe organization or project. Motivation is often 

strongly associated with employee productivity, especially in the case where tasks and responsibilities 

are clearly defined; the work output must be properly directed by lhe manager to meet the goals and 
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objectives of the organization. 1ll.is study shows that, as a group, engineers have motivational needs 

that are different from the general worker. As such, the rankings from Ulis study are beneficial in Iba! 

they can be uniquely applied to create an orgaruzation that provides for the engineering professional. 

111is srudy also shows !hat motivational needs vary from individual to individual. As sucb, it 

is also very imp0rtam for !be engineering manager to account for individual differences in motivating 
• 

engineers. 1ll.is survey or a similar assessment would be a very useful tool in evaluating motivational 

factors for the individual engineer and for effectively utilizing the engineering manager's ability to 

motivate lhe individual engineer. ~owledge of an individual's motivational factors to provide for a 

manager-to-engineer communications feedback is the first step in effectively (optimally) motivating an 

engineer. Performing such a survey is thus a clear recommendation towards understanding the 

motivational requirements of engineers. 

FutUie work should address the inconsistencies found in the survey respondent's rankings. 

TI1e surveys should eilher be returned to the engineers for review or the survey format revised and re-

administered. 
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Appendix A -- Survey 

Appendix A cootains tl1e "Work Motivational Survey." 11lis survey was distributed to two groups of 
workers. The first group of junior engineers was composed of 37 senior mechanical engineering 
students and 6 graduate engineering students at Portland State UniverSity. Of the 37 surveys handed 
out to the seniors. only 19 were returned. The second group of professional engineers and scientists 
was composed of 38 engineering management students at Portland State University and 8 other 
persons from Ni ke Corporation and Precision Castpans Corporation. 



WORK MOTIVATIONAL SURVEY 

NAME: (optional) _______________ ~.DATE: _ ______ _ 

JOB TITLE =---------------- - -----------

BUSINESS/INDUSTRY: ______________ ~------~ 

YEARS PROFESSIONAL EXPERIENCE : ______ _ 

EDUCATION (DEGREE/MAJOR):_~~~-~~~-~~~~~~~~~~ 

SEND RESULTS? _ ___ YES ----~NO 

This survey is part of an Engineering Management class project that 
evaluates the importance of various motivational factors in the 
work of engineering and technical employees. Your support and 
cooperation in filling out this survey would be appreciated. If 
you are interested in the results, please indicate and we will be 
glad to share them with you. 

This survey uses a pair-wise comparison analysis model that asks 
you to rate the relative importance of motivational factor s by 
comparing them two at a time, hence the name pair-wise. Each 
factor should be evaluated as to the importance in motivating you 
to work. Each pair of factors is given a total of 100 points, 
which are split between the two factors according to relative 
importance . 

Ratio A: B Weight A Weight B 
1 : 1 50 50 
1. 5: l 60 40 
2 : 1 67 33 
3:1 75 25 
4 : 1 80 20 
5:1 83 17 
10:1 91 9 
99:1 (max) 99 l 

A list of the motivational factor defin itions is attached. 



WORK MOTIVATIONAL FACTORS 

Achievement 
Pride and sense of accomplishment . 

Authority 
The extent of power, influence, control and freedom an 
employee has in their work and with others in the workplace. 

Challenge 
Stimulating and meaningful work often requiring intensive 
effort. 

Compensation 
Salary and benefits - including insurance, paid time off, 
investment and retirement plans. 

Environment 
The climate, culture and physical amenities of the workplace. 

Growth 
Opportunity to achieve personal and professional goals. 

Job Security 
stability and continuity of employment. 

Location 
Physical and geographic location of workplace. 

Management 
Superiors' performance and their treatment of employees. 

Recognition 
Appreciation and respect for the value of an individual or 
group contribution - both internal and external. 

Relations 
Interpersonal interactions, compatibility and teamwork among 
co-workers. 



WORK MOTIVATIONAL SURVEY 

Example: Compare your preference for : 
Cars 75 vs. Pick-ups 25 

The respondent preferred cars 3 to 1 over pick-ups. 

Motivational Factor Comparisons. Please answer with consistency. 

1) Environment vs . Challenge 

2) Achievement vs. Authority 

3) Compensation vs. Authority 

4) Achievement vs . Environment 

5) Environment vs . Compensation 

6) Challenge vs. Authority 

7) Growth vs. Compensati on 

8) Compensation vs. Challenge 

9) Growth vs. Challenge 

10) Growth vs. Environment 

11) Growth vs. Authority 

12} Compensation vs. Achievement 

13} Achievement vs. Chal lenge 

14) Authority vs. Environment 

15) Growth vs . Achievement 

.IU 



!OR}t MOTXVATIONAL SURVEY 

Motivational Factor comparison (cont . ) 

16) Job Security vs. Relations 

17) Recognition vs. Job security 

18) Job Security vs. Co1:1pensation 

19) Management vs. Location 

20) Management vs. Job Security 

21) Management vs. Compensation 

22) Recognition vs. Relations 

23) Management vs . Relations 

24) Location vs. Recognition 

25) Relations vs. Compensation 

26) Locations vs. Coiapensation 

27) Management vs. Recognition 

28) Relations vs. Location 

29) Recognition vs. Compensation 

30) Location vs. Job Security 



Appendix B -- Analysis and Results 

Appendix B comains the analysis records and resulrs of the "Work Motivational Survey" as nom1all2ed 
values, intercorrelations, pair-wise ranking, percentage ranking, and Kendall's Tau analysis. 



Motivational Factor Ranking · 1 

Engineering Students 

Compensation ,___-----=-~'---'-~~----~--~ 

Achievement ,__~~~-..;;..;.,.;._;_=....;~.--......... ~.....--..,,..=~ 

Growth 1--~~..___-~----,..--~--~-
Challenge ~-'-.........,...._ ......... ~........,...,.;..;....._.....,.._;_ _ __,__.--i 

Job Security P.........--... .......................... .-......p.-------.-----__. 
Recognition ,____. .... :....,.~ ......... ~~ ............ _,_.--.-... ·-· ,,._ .... ,-.. _, 

Environment __ • ,. 
._ ..... , .... ,.,.,.1"'111'11''1 ........ -

Management ,_ ____ _......... 

Relations ,__-~~~=-+=------.--___J 

Location ,.._. _ ___,.-~~~-~--! 

Authority-t==-~:+======:;::::::====:::=~-1--~---l 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 

Average Weighting 



Motivational Factor Ranking 
Professional Engineers 

Growth ~---,..-.---~~~"---...--~-.---.-........... 
Achievement , ____ ........... ,.......====....~----~+--------=----=-" 

Challenge ,........_. ____ r--___....~-r-=--=--.......__T"""""" __ ,_ _ ___,.. 

Job Security ~----.-~....:::.:q~----"----r-~~.-.,.-.--_. 
-

Compensation 1----__,.....~~i<l""l Wil:s~~~--............. ......_....._.._.~ 

Management ~ ....... ~~~~~~...::±:~ 
·~-· 

Relations ,....._ .......... .........., ......... =~~=~~=--=> 

Authority 1----'F'"'""'~~~"-==~~'"""""""'" 

Environment4=::::::::::::::::i:::::~~~~~~~--r---+--~ 
0.00 0.02 0.04 0.06 0.08 0.10 0.12 

Average Weighting 
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Person 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

MEAN 
MIN 
MAX 

STO DEV 

Motivational Factor Weightings (Engineering Students) 

Achievement Author tty Challenge Compensatlo 

0.127 0.064 0.102 0.089 
0.086 0.086 0.091 0.123 
0. 136 0.149 0.054 0.088 
0.070 0.090 0.065 0.110 
0.072 0.249 0.098 0.052 
0.225 0.019 0.097 0.077 
0.050 0.050 0.039 0.252 
0.098 0.077 0.098 0.077 
0.086 0.036 0.121 0.413 
0.129 0.050 0.089 0.069 
0.140 0.059 0.091 0.075 
0.093 0.056 0.060 0.074 
0.047 0.084 0.042 0.141 
0.092 0.081 0.081 0.107 
0.094 0.065 0.188 0.138 
0.133 0.038 0.091 0.119 
0.170 0.069 0.094 0.050 
0.101 0.088 0.076 0.101 
0.080 0.085 0.080 0.064 
0.101 0.059 0.082 0.073 
0.106 0.035 0.075 0.106 
0.153 0.025 0.166 0.134 
0.145 0.086 0.132 0.073 
0.160 0.029 0.189 0.073 

0.112 0.072 0.096 0. 112 
0.047 0.019 0.039 0.050 
0.225 0.249 0.189 0.413 
0.040 0.046 0.039 0.075 

Environment Growth Job Security Location Management Recognition Relations 

0.083 0.178 0.076 0.062 0.080 0.076 0.062 
0.064 0.086 0.100 0.076 0.106 0.088 0.094 
0.068 0.177 0.046 0.017 0.097 0.084 0.084 
0.095 0.065 0.117 0.110 0.098 0.092 0.086 
0.059 0.118 0.097 0.032 0.097 0.077 0.048 
0.077 0.148 0.129 0.112 0.034 0.039 0.043 
0.101 0.073 0.068 0.109 0.129 0.034 0.095 
0.259 0.084 0.100 0.042 0.031 0.088 0.046 
0.036 0.021 0.049 0.035 0.056 0. 105 0.042 
0.069 0.089 0.064 0.098 0.133 0.093 0.116 
0.070 0.108 0.032 0.118 0.059 0.177 0.070 
0.093 0.088 0.160 0.086 0.105 0.093 0.093 
0.089 0.061 0.234 0.161 0.040 0.047 0.054 
0.076 0.076 0.071 0. 113 0.077 0.119 0.107 
0.051 0.188 0.042 0.046 0.050 0.058 0.079 
0.043 0.062 0.125 0.069 0.144 0.081 0.094 
0.088 0.164 0.029 0.017 0.126 0.096 0.096 
0.145 0. 114 0.106 0.067 0.063 0.072 0.067 
0.117 0.106 0.048 0. 112 0. 101 0.080 0.128 
0.046 0.096 o. 116 0.085 0.085 0.146 0. 110 
0.062 0.062 0.112 0.145 0.119 0.106 0.073 
0.051 0.115 0.159 0.040 0.010 0.134 O.Q15 
0.112 0.119 0.073 0.052 0.064 0.068 0.077 
0.094 0.182 0.031 0.048 0.031 o. 100 0.062 

0.085 0.107 0.091 0.077 0.081 0.090 0.077 
0.036 0.021 0.029 0.017 0.010 0.034 O.Q15 
0259 0.188 0.234 0.161 0.144 0.177 0.128 
0.044 0.044 0.048 0.039 0.036 0.032 0.026 
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Profeulonal Englneor9 lncons1ate~t• 

Perwon 
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14 
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16 
17 
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22 
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28 
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30 
31 
32 
33 
34 

35 

38 
'17 

38 
39 
40 
41 
42 

43 

44 
45 
46 

MEAN 
MIN 
MAX 

STD DEV 

lnconol1teney(2) 

0.036 
0.042 
0.079 

0 
0.008 
0.033 
0.035 
0.031 
0.007 
0.018 
0.004 
0.038 
0.015 
0.043 
0.023 
0.011 
0.028 
0.088 
0.018 
0.012 
0.025 
0.052 
0.038 
0.11 

0.003 
0.069 
0.038 

0.052 
0.01 

0.011 
0.011 
0.011 
0.057 
0.0» 
0.014 
0.004 
00» 
0.012 
0.009 
0.039 
0.018 
o.ooe 
O.a:.?7 
0.023 
0.038 
0.151 

0.032 
0.000 
0.151 
0.029 

lnconalsteney(1) 

0,02 
0.018 
0.049 
0.003 
0.()26 

O.G16 
0.018 
0.024 
0.011 
0.02 

0.008 
0.025 
0.016 
0 .021 
0.059 
0.011 
0.033 
0.044 
0.004 
0.012 
0.03 
0.04 

0.018 
0.182 
0.005 
0.048 
0.035 
0.011 
0.017 
0.038 
0.005 
0.005 
0.044 
0.009 
0.007 
0.012 
0.058 
0.022 
0.a:.?1 
0.047 

0.004 
0.062 
0.022 
0.045 
0.026 
0.161 

0.031 
0.003 
0.1~ 

0.034 



' 
Engineering Student Inconsistencies 

Person Inconsistency inconsistency 

1 0.022 0.018 
2 0.002 0.003 
3 0.091 0.021 
4 0.003 0.001 
5 0.025 0.029 
6 0.048 0.073 
7 0.128 0.038 
8 0.032 0.012 
9 0.044 0.139 
10 0.014 0.086 
11 0.041 0.046 
12 0.029 0.02 
13 0.045 0.031 
14 0.179 0.194 
15 0.148 0.003 
16 0.037 0.018 
17 0.077 0.015 
18 0.025 0.004 
19 0.019 0.009 
20 0.023 0.037 
21 0.014 0.054 
22 0.051 0.082 
23 0.011 0.041 
24 0.032 0.034 

MEAN 0.048 0.042 
MIN 0.002 0.001 
MAX 0.179 0.194 

STD DEV 0.044 0.045 



Ptof111fonet Engtneeq Oemographlc:g 

"- YRS EXP INDUSTRY EDUCATION 

1 20 El.ECT'AON°IC:s esee 
2 11 FOO'IWEAR ME 
3 9 PROJENG,SAKERY BSIEICS 
4 2 FOOlWEAA BS EX SCI 
6 17 CASTING BSMET 
8 s CASTING 8SE 
7 16 CASTING BS MFG 
8 18 CASTING NONE 
D 11 CASTING BSIE 
10 11 CASTING &SMET 
11 s F001WEAA 8SMATH 
12 1 CffY Of P'TU> BSME 
13 3 FOOOPAOO BSAQE 
14 25 COMPUTER ilSt'MS MATH 
1$ • STEEL B6EE 
18 2 NOMCORP B8CE 
17 3 A&O 8SME 
18 8 etv es;"1SCE 
18 7 CONSULT BSME 
20 7 SEMJCONOUC'TOR BSMS 
21 18 COMPllTER MSCS 
22 2 CONSU~T BSME 
23 10 TOOLS BSME 
24 1 BUSINESS ENQR 
25 9 ARMY CORP BSCE 
28 5 PUBLIC LIT!UTY BSCE 
v 9 SEMICONDUCTOR 8S/MS CHEM ENG 
28 12 PU8UC TRANSIT esce 
211 12 COMPUTERS BSEE 
30 16 N1JCt.EAR POWER BSEE 
31 8 CAST1NQS BWE 
~ 10 CAS1lNGS BSEE 
113 10 NIA NIA 
34 16 PU9UC UT1UTY BS,MSME 
35 23 IC'• MS MAT SCI 
38 20 CASTINGS BSME 
37 5 ENGR 8SEE 
38 3 COM Pl/TEA esce 
3e 5 E~CTAONIC BSEE 
40 20 E~OTPCWEA BSMS 
41 15 DATAPROC M 
42 10 COMPUTER BSEE 
'43 13 H~TECH BSEE 
~ 10 00\ff esce 
4$ 25 DATAPROC MA 

"° 11 EDUCATION BS MFG ET 

MEAN 10.46 
MIN 1 

MAX 25 
STD DEV 6.43 

B7 


