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Abstract 

Engineering CAReS (Competence, Autonomy, Relatedness Study) is an engineering workplace 
climate survey that is based on basic psychological needs theory (BPNT) -- a mini-theory 
associated with self-determination theory (SDT). The CAReS survey uses a combination of 
existing items and scales from the BPNT and belonging literature as well as items adapted to the 
workplace setting to measure the degree to which basic psychological needs of autonomy, 
competence, and relatedness are satisfied or frustrated at work. The CAReS study was initiated at 
the start of 2022 and Phase 1 of the study, which focused on tool development, was completed in 
December of 2022.  

Over 200 survey responses were collected from engineers working in academic positions, 
engineers working in non-academic positions, and individuals working closely with engineers. 
Phase 1 used confirmatory and exploratory factor analyses to develop and refine measurement 
scales suited to the engineering workplace. Scale refinement also revealed interesting insights 
regarding how engineers perceive their workplace needs. For instance, scales associated with the 
satisfaction of relatedness needs that have been validated in previous workplace studies did not 
demonstrate good fit to the engineering workplace context and had to be discarded. Feelings of 
being cared for by coworkers and being close to coworkers did not make a suitable construct for 
measuring relatedness. Instead, belonging scales that explored perceptions of being accepted and 
supported within a workgroup indicated validity for this study and therefore replaced the 
satisfaction of relatedness needs as a suitable scale for relatedness. 

After confirmatory and exploratory factor analyses were completed, four, three, and two 
subscales demonstrated sufficient construct validity and reliability to be used to measure 
relatedness, competence, and autonomy needs, respectively. One subscale (organizational 
belonging) associated with relatedness needs was eliminated because of its similarity to the 
occupational belonging subscale. Satisfaction of relatedness needs was eliminated as a subscale 
due to poor model fit and replaced with a workgroup belonging subscale with better fit.  

Altogether, factor analyses of our tool development data generated multiple reliable scales 
suitable for measuring psychological needs of competence, autonomy, and relatedness. In total, 
53 items representing 10 subscales measuring these three psychological needs were reduced to 
37 items on 8 subscales which significantly reduced the overall length and average time required 
to complete the BPNT portion of the survey. The shorter completion time will support the 
recruitment of a much larger study population among working engineers. 

  



Introduction 
A large proportion of research focused on the engineering workplace has sought to identify the 
barriers and obstacles faced by individuals from under-represented groups (including women) 
[1]-[4].  This approach is very useful for facilitating specific organizational changes that can 
reduce or eliminate these barriers. However, complementary research that addresses the 
psychological impacts of these barriers is lacking. Understanding how and to what degree the 
psychological needs of working engineers are being met, neglected, or even thwarted, in the 
workplace can open doors to a broader range of change strategies for retaining diversity and 
enhancing productivity among engineers. 

While many engineering workplace studies focus on what to eliminate in the workplace to better 
support working engineers, few studies focus on what needs to be added to the workplace. One 
way to approach this problem of how to supplement workplace culture is to look at the 
workplace through the lens of psychology. This not only can put a positive spin on workplace 
culture change (how to make it better instead of how to make it less bad), it also provides a range 
of options. For example, there may be no accessible solution to increasing job security in some 
occupations but many ways to better support the autonomy needs of individuals who work in 
volatile jobs. Thus, developing a means to explore psychological needs among engineers in the 
workplace opens up opportunities to develop new strategies for building a stronger, healthier 
workforce with lower turn-over and greater persistence.  

To this end, the engineering CAReS study seeks to understand the degree to which basic 
psychological needs of individuals working in engineering settings are satisfied or frustrated.  
This paper focuses on developing the instrument (survey) that is central to the CAReS study, 
specifically on validating survey scales/measures and reducing survey length for broader 
distribution in the engineering workplace. 

Background 
This study draws on self-determination theory (SDT) for conceptual framing. SDT is an 
empirically supported, needs-based perspective on what motivates individuals to behave with 
willingness and choice rather than acting out of obligation or becoming demotivated altogether. 
Unlike other needs-based theories, evidence that validates SDT in the workplace is well 
established [5][6]. Basic psychological needs theory (BPNT) is a component theory of SDT that 
puts needs for autonomy, competence, and relatedness at the forefront of psychological health and 
well-being. Workplaces that either provide low support for or actively thwart these needs are 
logical candidates for high turn-over, dissatisfaction, and poor productivity.  
Autonomy: Individuals need to feel they are masters of their own destiny and that what they do 
has been chosen freely rather than out of a sense of obligation to, or coercion by, external factors. 
Those whose autonomy needs are satisfied feel that what they are doing is consistent with their 
core values and life purpose [7]. A deficit autonomy environment either lacks opportunities for 
pursuing core values and interests or actively blocks this pursuit [8].  

Competence: When needs for competence are satisfied, individuals maintain interest, 
engagement, and attention to tasks, persist in their efforts, and experience personal satisfaction 
and well-being. In contrast, those who do not feel competent in what they do experience reduced 
motivation and satisfaction. When tasks are boring or too easy, competence needs go unmet. 



When tasks are too challenging or frustrating, guidance is lacking, or job performance is too 
heavily critiqued or undervalued, competence needs are frustrated or thwarted. Psychologically, 
individuals seek out the sweet spot between these two extremes – the optimal challenge [6][9]. 

Relatedness: All individuals have a desire to interact with others, experience connection to them, 
and feel cared for. This sense of being cared for must be perceived as independent of ulterior 
motives or alternative agendas. The satisfaction of relatedness needs corresponds to a sense of 
belonging. In contrast, unfulfilled or thwarted relatedness needs lead to feelings of isolation, 
stress, and loneliness and are correlated to a wide range of detrimental physical and mental 
symptoms and illnesses [10].  

SDT posits that meeting these basic psychological needs in the workplace leads to more 
autonomously motivated employees acting out of "... a full sense of volition, willingness, and 
choice" [5, p.7] as opposed to being controlled (i.e., acting out of obligation) or amotivated (i.e., 
not motivated to work at all) [5]. Autonomous motivation has two different forms, both of which 
are supported by the satisfaction of the basic psychological needs. First, employees become more 
intrinsically motivated when basic psychological needs are met, pursuing their daily work 
activities out of a sense of enjoyment and interest in those activities. Second, employees who are 
autonomously motivated internalize extrinsic motivations, such as the values of the organization 
or of their own workgroup [5]. Both types of autonomous motivation are responsible for 
improved intentions and behaviors associated with boosting physical health and safety [11], as 
well as increased persistence, greater satisfaction, and improvements in overall well-being 
[12][13]. Further Olafsen et al. [14] demonstrated that the satisfaction of basic psychological 
needs contributes to improvements in autonomous motivation at work over time and not the 
other way around [14]. In these ways, SDT clearly supports that positive outcomes at work result 
when basic psychological needs are satisfied and negative outcomes when these needs are 
frustrated or thwarted. The pathways by which these outcomes are reached may be direct or they 
may be indirect, but ample empirical evidence exists to validate BPNT within the over-arching 
context of self-determination theory. 

How are basic psychological needs relevant at work? 
As early as 1992, empirical evidence for the importance of BPNT at work in the SDT context 
emerged in the literature. In a study of a work-readiness program at a state psychiatric hospital, 
Kasser, Davey, & Ryan [15] demonstrated that the satisfaction of psychological needs among 
workers positively predicted managers' rating of their performance. A year later, in a study of 
manufacturing workers, basic psychological needs satisfaction was also shown to positively 
predict job satisfaction and self-esteem [16]. Similar positive outcomes have been demonstrated 
in a wide range of workplace studies in the twenty-first century. For example, satisfaction of the 
three basic psychological needs has been clearly linked to greater job satisfaction for employees 
working in psychiatric facilities [17], better performance evaluations and well-being at work in 
the high stress world of investment banking [18], greater overall psychological health in 
government organizations [19], more hours and greater engagement among volunteers at an 
animal shelter [20], and greater well-being, job performance, and affective commitment to the 
job for food industry workers [21]. Further, the mere perception that managers support the basic 
psychological needs of their subordinates has been associated with reduced somatic system 
burden (i.e., physical symptoms that have no medical explanation but are related to poor quality 



of life and disability) [22]. These needs not only play a direct role in influencing work outcomes, 
but also a mediating role. For instance, Vansteenkiste et al. [23] showed that satisfaction of 
psychological needs plays an important mediating role in the relationship between the work 
aspirations of the employee and resulting psychological well-being and work engagement. 

Needs for autonomy, competence, and relatedness, however, can have different effects on 
different outcomes, thus making it important to measure all three needs. Some needs may have 
no effect at all while others have significant impact. This heterogeneity has been demonstrated in 
a meta-analysis of BPNT studies by Van Der Broeck et al. [24]. For instance, each of the basic 
psychological needs was positively associated with job satisfaction, performance measures, work 
effort, and affective commitment to the job, and negatively associated with turnover intentions. 
However, only needs for autonomy and relatedness were negatively linked to absenteeism while 
competence was unrelated [24]. With regard to organizational climate, all three psychological 
needs were significantly and positively associated with positive leader behavior and perceived 
organizational support while the fit between employee and work environment was significantly 
and positively linked only to the satisfaction of autonomy needs [24]. In a more recent study in 
Australia, satisfaction of autonomy and competence needs were associated with less job 
ambiguity while relatedness needs were associated with greater resilience at work [25]. In a 
review of daily diary studies, Coxen et al. [26] confirmed that different outcomes are associated 
with different needs. Importantly, these authors also highlighted that significant variation within 
employees over time merits examining needs satisfaction frequently – on a weekly or daily basis. 

While ample literature has explored the positive impacts of meeting, and the drawbacks of 
frustrating, autonomy, competence, and relatedness needs in the workplace, studies of basic 
psychological needs that focus specifically on STEM are very limited. Furthermore, the studies 
of needs in the engineering or STEM workplace that have been conducted have not been framed 
within SDT. For example, the lack of importance that satisfaction or frustration of autonomy 
needs may play in work outcomes is reinforced by a qualitative study of 1,464 women who left 
engineering by Fouad et al. [27] which showed that autonomy was infrequently cited as a reason 
leaving work (only 38 times compared to over 200 times for other reasons for leaving). Although 
the basic psychological needs were not explicitly assessed in the coding approach for the Fouad 
study, study participants did refer needs for achievement (i.e., needs to use abilities and 
advancement -- similar to competence needs) 282 times and to altruism (which included 
elements of relatedness needs) 239 times. These types of studies are suggestive that basic 
psychological needs do matter in the workplace and especially so for under-represented groups, 
but to the best of our knowledge, no studies to date have explicitly explored these needs.  

The CAReS study is designed to do fill this gap in the literature and better understand the 
underlying psychology of working engineers. Do they feel autonomous? Do they feel 
competent? Do they feel a sense of belonging/relatedness? And of these needs, which require the 
most attention in workplace culture change? Which are best fulfilled and when? The CAReS 
study seeks to address all of these questions and more. But, first, the study has focused on tool 
development to ensure that how the three psychological needs are measured is valid, reliable, and 
suitable to the engineering workplace context.  

  



Methods  
A survey was developed for the engineering CAReS study which contained demographic items, 
workplace information, several short answer/open-ended questions, and 171 Likert-scale items 
focused on competence, autonomy, and relatedness as well as barriers to workplace success 
(including sexual harassment and undermining) that have emerged from workplace literature 
over the past twenty years. Only items focused on competence, autonomy, and relatedness and 
related items (self-efficacy and belonging) were analyzed in this study with the goal of 
developing valid and reliable scales (and a shorter survey) for the next phase of engineering 
CAReS. 

Participants and Procedures 

Participants were recruited during 2022 for the first phase of engineering CAReS via e-mail and 
LinkedIn messaging by convenience sampling from the authors’ professional networks and by 
snowballing via the contacts in those networks. Those eligible to complete the survey were 
individuals who (a) worked as engineers or computer scientists over the past 20 years or 
individuals who had worked closely with engineers or computer scientists over that same time 
period; and (b) worked for US companies or subsidiaries of non-US companies operating in the 
US. Individuals from academia and non-academia and from a broad range of engineering 
workplace settings (both corporate and government) completed the survey; 210 total responses 
were collected for the tool development phase. 

Instruments 
Survey items used in this study were either (a) taken directly from existing workplace scales; or 
(b) adapted from scales used in higher education. Those taken directly from existing workplace 
scales included satisfaction and frustration of relatedness, competence, and autonomy needs in 
the SDT literature [28][29]; an occupational belongingness scale [30]; and an occupational self-
efficacy scale [31]. Items adapted from higher education scales included class level and 
university level belonging scales [32]. Survey items are listed in their entirety in the results 
section. To reduce manuscript length, those items are not repeated here. 

Confirmatory Factor Analysis (CFA) 
One-factor CFA was conducted on seven of the scales evaluated for use in the CAReS study: 
occupational belongingness, satisfaction and frustration of autonomy needs, satisfaction and 
frustration of competence needs, and satisfaction and frustration of relatedness needs. These 
seven scales contained items that were unchanged from previous studies where they had been 
validated in the workplace setting. In the tool development phase of CAReS, then, their validity 
needed only to be confirmed. Each standalone, one-factor CFA meets the range of minimum 
sample sizes established by Mundfrom et al. [33] for four variables/items per factor (Nmin 
between 27 and 95 depending on communality) and for six variables/items per factor (Nmin 
between 19 and 70 depending on communality).  The total sample size for this study (N>200) is 
also consistent with a generally fair to good sample size as reported by Comrey and Lee in an 
earlier study [34].   

Confirmatory factor analyses were conducted using R (version 4.0.2) and R studio (version 1.3) 
and the results evaluated using four goodness of fit indicators: chi-square (c2), the root mean 



square error of approximation index (RMSEA), the comparative fit index (CFI), and the 
standardized root mean residual (SRMR). Chi-square tests whether the covariance matrix derived 
from a CFA model represents the covariance of the sample population (i.e., observed values). 
The null hypothesis for a chi-square test in CFA is that the model is a perfect fit to the sample 
population (i.e., the items make a perfect scale); therefore, rejection of the null hypothesis at a 
significant level (e.g., p < 0.05) is not desirable. The chi-square test is also non-parsimonious, 
meaning that the test does not seek out the smallest possible model for the best fit and that the 
larger the sample size, the more likely the test is to yield an erroneous, significant result [35]. In 
contrast, RMSEA accounts for sample size (N): 

𝑅𝑀𝑆𝐸𝐴 = 	(𝑑/𝑑𝑓	𝑤ℎ𝑒𝑟𝑒	𝑑 = 	 (𝜒! − 𝑑𝑓)/(𝑁 − 1) 

where df are the degrees of freedom associated with the CFA. In general, RMSEA < 0.05 is 
considered a good fit, While RMSEA is not prone to bias at large sample sizes, it is biased against 
small df leading to erroneously high values that can be misinterpreted as poor model fit [36]. For 
most CFA, however, RMSEA values of < 0.05 are considered a good fit, between 0.05 and 0.08 
an acceptable fit, between 0.08 and 0.1 a marginal fit, and greater than 0.1 a poor fit [37]. The two 
remaining goodness of fit indicators used in CFA associated with this study (CFI and SRMR) 
provide a means to confirm or potentially reject determinations of poor fit made by c2 tests or 
RMSEA. Unlike RMSEA which is an absolute fit index, meaning that it evaluates the hypothesized 
model (i.e., one factor CFA in the case of this study), the CFI is an incremental fit index, meaning 
that it compares the hypothesized model to the worst fit. A CFI of greater than 0.95 is generally 
considered a good model fit [36]. The SRMR is another absolute fit index which represents the 
difference between the correlations among observed data and the correlations generated by the 
model for that data. In effect, SRMR measures the average amount of discrepancy between 
observed and expected correlations among items in the CFA model. In general, an SRMR value 
between 0 and 0.08 is considered acceptable model fit [38]. 

Exploratory Factor Analysis (EFA) 
For items that were adapted to the engineering workplace context and were no longer identical to 
items used in previously validated studies, exploratory factor analyses were used to generate 
valid constructs for the CAReS study. Items that fit this criterion included eleven total items 
borrowed from higher education contexts to measure belonging. An exploratory factor analysis 
was used to reduce the dimensionality of these items.  This eleven variable/item, two-factor EFA 
meets the minimum sample size range established by Mundfrom et al. [33] for five 
variables/items per factor (Nmin between 75 and 150 depending on communality) and for six 
variables/items per factor (Nmin between 55 and 120 depending on communality).  The total 
sample size (N>200) is also consistent with a fair to good sample size more generally reported by 
Comrey and Lee in an earlier study [34].   

Prior to factor analysis, any one of a pair of items which were correlated at a level greater than 
0.9 was discarded. Then, the Kaiser-Meyer-Olkin test [39] was used to measure how suitable the 
data were for factor analysis. Items that passed this test were then evaluated using Bartlett’s test 
of sphericity [40] to determine if there was sufficient redundancy among the items to summarize 
them in a smaller number of factors (i.e., to reduce dimensionality of the data). Items that 
remained after this preliminary screening of the data were then used to produce a scree plot to 



determine the number of factors that resulted in an eigenvalue of one and explained at least 50% 
of the variance in the data.  

Using the number of factors determined from the scree plot, a factor analysis was conducted. 
Any items that had cross-loadings that exceeded 75% of the maximum loading were deleted 
[41]. Items that had uniqueness values greater than 0.6 were also deleted according to thresholds 
established by Osborne et al. [42]. Factor analysis was then repeated until no significant cross-
loadings or uniqueness values remained. High cross-loadings suggest that an item is measuring 
more than one thing and is therefore not suitable for any single factor while uniqueness (equal to 
1 minus communality) values higher than 0.6 suggest that the item/variable does not represent a 
common factor (or construct). 

Results and Discussion 
Eight confirmatory factor analyses and one exploratory factor analysis were conducted on the 
Phase 1 data of the Engineering CAReS study to validate the constructs in the engineering 
workplace environment. Among the confirmatory factor analyses, one construct (satisfaction of 
relatedness needs) failed to demonstrate satisfactory validity; one construct required deleting 
some items to achieve construct validity; and five achieved satisfactory validity with all of the 
initial items used to represent the construct. In the exploratory factor analysis of belonging items, 
two factors were determined to be adequate to describe the variance in the data: belonging at the 
organizational level and belonging at the workgroup level. 

Confirmatory Factor Analysis of Relatedness Needs Scales: scales associated with satisfaction of 
relatedness needs and frustration of those needs were analyzed. Results of confirmatory factor 
analyses of both scales are summarized in Table 1. The goodness of fit indicators for the 
satisfaction of relatedness needs indicated a poor fit of the four items to this competence 
construct (c2 = 23.353 (p = 0.000); RMSEA = 0.228). The sensitivity of c2 statistics to sample 
size and the diminished suitability of RMSEA for judging models at small sample sizes [36] 
alongside excellent CFI (0.972) and acceptable SRMR (0.036) could be considered sufficient 
reason to retain the satisfaction of relatedness needs as a subscale for relatedness in this study. 
However, since multiple belonging/relatedness scales were assessed in this study, only the best 
fit scales were retained for the CAReS study. Therefore, the satisfaction of relatedness needs 
subscale was eliminated. Unlike the satisfaction of relatedness needs subscale, the goodness of 
fit indicators for the frustration of relatedness needs were within acceptable range (c2 = 1.828 (p 
= 0.401); RMSEA = 0.000; CFI = 1.000; SRMR = 0.005), thereby confirming the construct 
validity of this scale and justifying its use in the CAReS study. 

Several alternatives to the satisfaction of relatedness needs were considered. The original 
occupational belongingness scale developed and validated by Jena and Pradhan [30] contained 
twelve items. Four items had correlations among their residuals that exceeded 0.1, indicating that 
they were more correlated than they should be and were essentially saying the same thing. These 
items were: 

• I feel that my values and beliefs are a good fit to this organization 
• Fairness is maintained while executing rules and policies in my organization 
• My career goals are considered by my organization 
• Accomplishments at work are adequately rewarded in my organization 



Table 1: Confirmatory Factor Analysis for Relatedness Scales 
Item Loading Goodness of Fit Indicators 

Satisfaction of Relatedness Needs 
I feel that the people I care about at work also 
care about me 0.841 

degrees of freedom (df) = 2 

c2 = 23.53 (p = 0.000) 

RMSEA = 0.228 
confidence interval: 0.155 – 0.310 

Comparative Fit Index (CFI) = 0.991 

Standardized Root Mean Residual 
SRMR = 0.030 

I feel connected with people who care for me at 
work, and for whom I care about at work 0.849 

At work, I feel close and connected with other 
people who are important to me 0.899 

I experience a warm feeling with the people I 
spend time with at work 0.807 

Frustration of Relatedness Needs 
I feel excluded from the group I want to belong 
to at work 0.736 

degrees of freedom (df) = 2 

c2 = 0.179 (p = 0.914) 

RMSEA = 0.000 
confidence interval: 0.000 – 0.057 

Comparative Fit Index (CFI) = 1.000 

Standardized Root Mean Residual 
SRMR = 0.005 

I feel that people who are important to me at 
work are cold and distant towards me 0.833 

I have the impression that people I spend time 
with at work dislike me 0.793 

I feel the relationships I have at work are just 
superficial 0.612 

An additional two items indicated factor loadings less than 0.6 and were removed to reduce the 
length of the survey without loss of fit and validity: 

• I refer to “we/us” rather than “they/them” when I refer to my organization to outsiders 
• In my workgroup, I have a lot in common with my co-workers 

After reducing the occupational belongingness scale to six items by removing the preceding 
items, the remaining scale demonstrated an acceptable fit (RMSEA = 0.058) with CFI (0.989) 
and SRMR (0.027) well within the acceptable range of values for a good fit. Therefore, the six-
item occupational belonging scale was retained for the CAReS study (Table 2).  

Table 2: Confirmatory Factor Analysis for Occupational Belonging Scale 
Item Loading Goodness of Fit Indicators 

Occupational Belonging 
I am able to work in this organization without 
sacrificing my principles  0.626 degrees of freedom (df) = 9 

c2 = 16.203 (p = 0.063) 

RMSEA = 0.058 
confidence interval: 0.000 – 0.105 

Comparative Fit Index (CFI) = 0.989 

Standardized Root Mean Residual 

I generally carry more positive emotions than 
negative ones about my job 0.750 

Being a part of this organization inspires me to 
do more than what is expected 0.666 

My personal needs are well met by my 
organization 0.854 



Whenever I have any personal or professional 
issues, my organization extends necessary help 
and support 

0.803 
SRMR = 0.027 

My organization tries to make my job as exciting 
and promising as possible 0.672 

Because the main focus of the CAReS study is belonging, additional belonging items from 
higher education studies were adapted to the workplace and considered during survey 
development. Because all eleven items were not previously validated in the workplace context, 
exploratory factor analysis was conducted to evaluate the suitability of these items for workplace 
studies. Using the screening steps identified in the Methods section, no items were deleted from 
consideration, resulting in six items that cleanly loaded onto the one factor and five items onto 
the second factor in a two-factor analysis (Table 3). These two factors explained 66% of the 
variance in the data and were retained as scales labelled organizational belonging and 
workgroup belonging.  

Table 3: Exploratory Factor Analysis for Additional Belonging Scales 
 Loadings (>0.3) 

Item Factor 1 Factor 2 
Belonging at the Organizational Level 

I really enjoy working here 0.89  
I feel like I really belong at this organization 0.65  
I wish I had taken a job at another organization instead of this one -0.90  
I wish I worked at a job in another organization -1.01  
I feel that there is a real sense of community in this organization 0.51  
I feel like there is a strong feeling of togetherness in this organization 0.49  

Belonging at the Workgroup Level 
I feel that I am supported by my immediate workgroup  0.62 
I feel that I am part of my immediate workgroup  0.79 
I feel that I am accepted by my coworkers   1.05 
I feel comfortable in my immediate workgroup   0.97 
People in this organization are friendly to me  0.50 

Confirmatory Factor Analysis of Competence Needs Scales: Results of confirmatory factor 
analyses for the two competence subscales are shown in Table 4. The goodness of fit indicators 
for the satisfaction of competence needs were within acceptable range (c2 = 2.548 with df = 2 
and p = 0.714; RMSEA = 0.042; CFI = 0.999; SRMR = 0.008), thereby confirming the construct 
validity of this scale. The frustration of competence needs, however, indicated a poor fit of the 
four items to this competence construct (c2 = 17.211 with df = 2 and p = 0.000; RMSEA = 
0.189; CFI = 0.972; SRMR = 0.027). However, the c2 statistic is highly sensitive to sample size 
so much so that it has been suggested that for a sample size greater than 200, chi square is highly 
likely to produce a significant result (p < 0.05) even for a CFA model that is a good fit to the data 
[33]. Furthermore, for small degrees of freedom, Kenny et al. indicated that RMSEA is not 



meaningful [34] and the comparative fit index (CFI) and standardizes root mean square residual 
(SRMR) should be used instead to judge model fit. Both CFI (greater than 0.95) and SRMR (less 
than 0.08) were well within acceptable limits for the one factor frustration of competence needs 
model. Therefore, the frustration of competence needs construct was retained with caution for 
the CAReS study. 

Table 4: Confirmatory Factor Analysis for Competence Subscales 
Item Loading Goodness of Fit Indicators 

Satisfaction of Competences Needs 
I feel confident that I can do things well on my 
job 0.891 

degrees of freedom (df) = 2 

c2 = 2.548 (p = 0.714) 

RMSEA = 0.042 
confidence interval: 0.000 – 0.160 

Comparative Fit Index (CFI) = 0.999 

Standardized Root Mean Residual 
SRMR = 0.008 

At work, I feel capable at what I do 0.918 
When I am at work, I feel competent to achieve 
my goals  0.916 

In my job, I feel I can successfully complete 
difficult tasks 0.822 

Frustration of Competence Needs 
When I am at work, I have serious doubts about 
whether I can do things well 0.736 

degrees of freedom (df) = 2 

c2 = 17.211; df = 2 (p = 0.000) 

RMSEA = 0.189 
confidence interval: 0.113 – 0.189 

Comparative Fit Index (CFI) = 0.972 

Standardized Root Mean Residual 
SRMR = 0.027 

I feel disappointed with my performance in my 
job 0.833 

I feel insecure about my abilities in my job 0.793 
When I am working, I feel like a failure because 
of the mistakes I make 0.612 

Confirmatory Factor Analysis of Self-Efficacy Scale: Results of confirmatory factor analyses for 
the single self-efficacy scale used in this study are shown in Table 5.  

Table 5: Confirmatory Factor Analysis for Self-Efficacy 
Item Loading Goodness of Fit Indicators 

Occupational Self Efficacy 
I can remain calm when facing difficulties in my 
job because I can rely on my abilities 0.804 

Degrees of freedom (df) = 9 

c2 = 14.717 (p = 0.099) 

RMSEA = 0.059 
confidence interval: 0.000 - 0.126 

Comparative Fit Index (CFI) = 0.991 

Standardized Root Mean Residual 
SRMR = 0.032 

When I am confronted with a problem in my job, I 
can usually find several solutions 0.709 

Whatever comes my way in my job, I can usually 
handle it 0.945 

My past experiences in my job have prepared me 
well for my occupational future 0.555 

I meet the goals that I set for myself in my job 0.700 
I feel prepared for most of the demands in my job 0.824 



All of the goodness of fit indicators for occupational self-efficacy were within acceptable range 
(df = 9 and c2 = 14.717 with p = 0.099; RMSEA = 0.059; CFI = 0.991; SRMR = 0.032), thereby 
confirming the construct validity of this scale. Competence and self-efficacy are similar constructs; 
in the scales used in this study, the two constructs are largely distinguished by how individuals 
feel about their abilities (competence) compared to what they judge they are actually able to 
accomplish (self-efficacy) [43]. Competence is central to self-determination theory (SDT) [44] 
while self-efficacy is a key component of social cognitive theory (SCT) [43]. Research has shown 
that while the two constructs are similar, they remain empirically distinct from one another and 
may independently contribute to persistence in behavior [46]. Thus, both competence and self-
efficacy constructs were retained in this study. 

Confirmatory Factor Analysis of Autonomy Needs Scales: Autonomy is the last of the three basic 
psychological needs associated with SDT that was analyzed in the engineering workplace context. 
Results of confirmatory factor analysis for both the satisfaction and frustration of autonomy needs 
are shown in Table 6. The goodness of fit indicators for the satisfaction of autonomy needs were 
within acceptable range (c2 = 1.828 (p = 0.401); RMSEA = 0.000; CFI = 1.000; SRMR = 0.011), 
thereby confirming the construct validity of this scale. Factor loadings for two items on this scale 
were very good (between 0.63 and 0.71) and two were excellent (greater than 0.71) according to 
the stringent cut-offs recommended by Tabachnik and Fidell [47]. Thus, the satisfaction of 
autonomy needs scale was retained without reservation for this study.  

Table 6: Confirmatory Factor Analysis for Autonomy Subscales 
Item Loading Goodness of Fit Indicators 

Satisfaction of Autonomy Needs 
At work, I feel a sense of choice and freedom in 
the things I undertake  0.656 degrees of freedom (df) = 2 

c2 = 1.828 (p = 0.401) 

RMSEA = 0.000 
confidence interval: 0.000 - 0.118 

Comparative Fit Index (CFI) = 1.000 

Standardized Root Mean Residual 
SRMR = 0.011 

I feel that my decisions on my job reflect what I 
really want 0.820 

I feel my choices on my job express who I really 
am 0.820 

I feel I have been doing what really interests me 
in my job 0.670 

Frustration of Autonomy Needs 
Most of the things I do on my job feel like “I 
have to”  0.748 degrees of freedom (df) = 2 

c2 = 11.756 (p = 0.003) 

RMSEA = 0.142 
confidence interval: 0.000 – 0.177 

Comparative Fit Index (CFI) = 0.972 

Standardized Root Mean Residual 

SRMR = 0.036 

I feel forced to do many things on my job I 
wouldn’t choose to do 0.715 

I feel pressured to do too many things on my job 0.587 
My daily activities at work feel like a chain of 
obligations 0.872 

In contrast, the frustration of autonomy needs indicated a poor fit of the four items to this model 
(c2 = 11.756 (p = 0.000); RMSEA = 0.142). Similar to the CFA model fit for the frustration of 
competence needs, the sensitivity of c2 statistics to sample size and the diminished suitability of 



RMSEA for judging model at small sample sizes [34] alongside excellent CFI (0.972) and 
acceptable SRMR (0.036) were considered sufficient reason to retain the frustration of autonomy 
needs as a subscale for autonomy in this study. Of the factor loadings for the four items on this 
scale, three were excellent [47] and one item indicated only good loading (0.587); for sample 
sizes of 200 or greater, however, 0.587 is considered a significant loading, making it acceptable 
for this scale [48, p. 112]. 

Descriptive statistics were computed for all nine measures (Table 7). The kurtosis and skewness 
of all measures fell within the acceptable range of a normal distribution between -7 and +7 and -
2 and +2 respectively for all variables [49].  The internal reliability of all measures was 
calculated using Cronbach’s alpha levels. All reliabilities were greater than 0.7 [50] and were 
therefore suitable for use in future surveys. 

Table 7: Descriptive Statistics for CAReS Constructs 
Construct Mean Median SD Skew Kurtosis 

Relatedness 
Frustration of Relatedness Needs 1.97 2.00 0.68 0.99 1.71 

Occupational Belonging 3.43 3.50 0.83 -0.37 -0.24 

Organizational Belonging 3.07 3.00 0.41 0.18 0.89 

Workgroup Belonging 3.96 4.00 0.80 -0.78 0.80 

Competence 

Satisfaction of Competence Needs 3.97 4.00 0.73 -0.71 0.66 

Frustration of Competence Needs 2.16 2.00 0.90 0.84 0.34 

Occupational Self-Efficacy 3.91 4.00 0.61 -0.61 1.05 

Autonomy 

Satisfaction of Autonomy Needs 3.53 3.50 0.83 -0.38 -0.45 

Frustration of Autonomy Needs 2.59 2.50 0.84 0.35 -0.48 

Limitations 

The present study had limited sample size (N = 210) which constrained how many items could be 
analyzed with a single exploratory factor analysis. However, for those items that were adapted 
for studying the workplace, all eleven items loaded cleanly onto two factors, which reduces the 
possibility of sample-size induced errors. Further, confirmatory factor analyses indicated 
potentially poor fit for two scales (frustration of competence needs and frustration of autonomy 
needs); thus, these scales should be used with caution in the next phase of the CAReS study and 
may end up being thrown out altogether due to persistently poor fit. One scale (satisfaction of 
relatedness needs) demonstrated poor fit and had to be removed from the survey. However, two 
of the three belonging scales that will be retained for the next phase of study are likely an 
adequate substitute for satisfaction of relatedness needs. 



Conclusions 
The tool development phase of the Engineering CAReS study used confirmatory and exploratory 
factor analyses of over 200 responses from working engineers to identify and validate nine scales 
suitable for measuring the satisfaction and frustration of autonomy, competence, and relatedness 
needs. Of those nine scales, two (occupational and organizational belonging) are sufficiently 
redundant to eliminate one.   The result is eight scales suitable for integration into a much shorter 
survey for use in nationwide distribution of the Engineering CAReS survey. Future work will 
report the results of factor analyses of additional measures used in this study (e.g., sexual 
harassment and self-efficacy scales/measures). Future work will also recruit a larger (N = 3,000-
4,000) sample of respondents to complete the shorter, refined survey in order to gain an 
understanding of the degree to which the basic psychological needs are satisfied or frustrated 
across geographic regions, genders, races, and other individual and workplace demographic 
factors.   
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